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Aspects of perimetric learning index 
 
The purpose of this thesis was to develop further the Learning Index in perimetry and 

examine how it performs in different groups, with different algorithms and investigate 

different procedures of calculation.  

 

The Learning Index calculated using concentric rings of visual field data, following the 

method of Olsson and colleagues (1997), facilitated in a MatLab environment. The used 

data included visual field assessment for 29 normal, 25 glaucoma and 25 ocular 

hypertensive individuals who followed perimetry for both eyes, for different strategies and 

for five consecutive visits once a week. 

 

Alternative methods to evaluate the LI were used like the glaucoma hemifield test pattern. 

The influence of the different strengths of a variety of filters was also used, filtering the 

perimeter outcome in order to disassociate learning effect from real defects. Mean and 

Median filters were also used, and dissimilar Adaptive filters as well, that seemed to be 

robust filters that could help to establish a more sensitive Learning Index. 

 

In automated perimetry the innovation of a Learning Index would consider and examine 

how individuals learn to perform better visual field tests during recurrent visits under 

different algorithms. The argument is if that Learning Index could allow clinicians 

performing visual field tests to administer their patients and control possible detected 

abnormality, after their first or second visual field test. In this way they will prevent 

development of the disease, confine patient’s fatigue and provide quality of life and 

simultaneously financial savings for the state and private health organizations. 

 

The carried out learning index calculations results were sufficiently encouraging for a next 

phase of a future index development and with likelihood in the future to be incorporated in 

automated perimeters algorithms. 
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algorithm  and OAG individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.13.  Bland and Altman plot of the difference between complete and GHT pattern method  LI results 
(y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast 
algorithm  and OAG individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.14  Bland and Altman plot of the difference between complete and GHT pattern method  LI results 
(y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP 
algorithm  and OAG individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.15. Bland and Altman plot of the difference between complete and GHT pattern method  LI results 
(y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Standard 
algorithm  and OHT individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.16. Bland and Altman plot of the difference between complete and GHT pattern method LI results 
(y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast 
algorithm and OHT individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.17. Bland and Altman plot of the difference between complete and GHT pattern method LI results 
(y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP 
algorithm and OHT individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.18 Ptosis (drooping eye) of left eye of a normal individual (a) and the greyscale printout 
showing similar damage to glaucoma damage affecting the superior visual field (b). 
 
Figure 4.19. Distribution of data in five zones as Olsson’s (Olsson et al., 1992) complete method of 
LI calculation (top) and distribution of No Eyelid pattern data (bottom) in 5 zones (green, blue, yellow 
and grey shaded location areas, plus the nasal locations 19 and 27). Locations 1 to 4 (top row), were 
excluded. 
 
Figure 4.20. The descriptive statistics (left panel), for the Learning Index for normal individuals (right eye), 
across the five visits, for each of the three algorithms, calculated with No-Eyelid pattern. Box and Whisker 
plots (right panel), of the Learning Index distribution for the normal individuals (right eye), across the five 
visits, within algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Figure 4.21. The descriptive statistics (left panel), for the Learning Index for OAG individuals (right eye), 
across the five visits, for each of the three algorithms, calculated with No-Eyelid pattern. Box and Whisker 
plots (right panel), of the Learning Index distribution for the OAG individuals (right eye), across the five visits, 
within algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
 
 
Figure 4.22. The descriptive statistics (left panel), for the Learning Index for OHT individuals (right eye), across 
the five visits, for each of the three algorithms, calculated with No-Eyelid pattern. Box and Whisker plots (right 
panel), of the Learning Index distribution for the OHT individuals (right eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
 
Figure 4.23. The descriptive statistics (left panel), for the Learning Index for normal individuals (left eye), 
across the five visits, for each of the three algorithms, calculated with No-Eyelid pattern. Box and Whisker 
plots (right panel), of the Learning Index distribution for the normal individuals (left eye), across the five visits, 
within algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
 
Figure 4.24. The descriptive statistics (left panel), for the Learning Index for OAG individuals (left eye), across 
the five visits, for each of the three algorithms, calculated with No-Eyelid pattern. Box and Whisker plots (right 
panel), of the Learning Index distribution for the OAG individuals (left eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
 
Figure 4.25. The descriptive statistics (left panel), for the Learning Index for OHT individuals (left eye), across 
the five visits, for each of the three algorithms, calculated with No-Eyelid pattern. Box and Whisker plots (right 
panel), of the Learning Index distribution for the OHT individuals (leftt eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
 
Figure 4.26.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
Standard algorithm  and normal individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). 
The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines 
(+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.27.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
Fast algorithm  and normal individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). 
The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines 
(+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.28.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
SWAP algorithm  and normal individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). 
The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines 
(+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 

Figure 4.29.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
Standard algorithm  and OAG individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). 
The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines 
(+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 

Figure 4.30.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
Fast algorithm and OAG individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.31.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
SWAP algorithm and OAG individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 



 
XV 

 
Figure 4.32.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
Standard algorithm  and OHT individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). 
The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines 
(+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 

Figure 4.33.   Bland and Altman plot of the difference between complete and No-Eyelid pattern method LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
Fast algorithm  and OHT individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). The 
reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.34.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method LI 
results (y axis) against the mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA 
SWAP algorithm  and OHT individuals at visit 1 (left panel), visit 3 (middle panel) and visit 5 (right panel). 
The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines 
(+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
 
Figure 4.35.  Visual Field printouts of visit 1 and selection of near defect locations to compare (example 
subject 1). 
 
Figure 4.36.  Visual Field printouts of visit 3   and selection of near defect locations to compare (example 
subject 1). 
 
Figure 4.37.  The near defective areas stimulus locations to compare for a glaucoma individual’s visual field 
output at visit 1 (left) and the corresponding designation (right) for the coding of the LI calculation method 
(example subject 1). 
 
Figure 4.38.  The near defective areas stimulus locations to compare for a glaucoma individual’s visual field 
output at visit 3 (left) and the corresponding designation (right) for the coding of the LI calculation method 
(example subject 1). 
 
Figure 4.39.The near defective areas stimulus locations to compare for a glaucoma individual’s visual field 
output at visit 5 (left) and the corresponding designation (right) for the coding of the LI calculation method 
(example subject 1). 
 
Figure 4.40.  The near defective areas stimulus locations to compare for a glaucoma individual’s visual field 
output at visit 1 (left) and the corresponding designation (right) for the coding of the LI calculation method 
(example subject 2). 
 
Figure 4.41.  The near defective areas stimulus locations to compare for a glaucoma individual’s visual field 
output at visit 3 (left) and the corresponding designation (right) for the coding of the LI calculation method 
(example subject 2). 
 
Figure 4.42.  The near defective areas stimulus locations to compare for a glaucoma individual’s visual field 
output at visit 3 (left) and the corresponding designation (right) for the coding of the LI calculation method 
(example subject 2). 
 
Figure 5.1. Schematic representation of mean filtering in a 3X3 kernel, where after the summation of the 
values of the neighbourhood, they are divided by the total number of pixels and the result value replaces the 
original one. 
 
Figure 5.2. Schematic representation of median filtering in a 3X3 kernel where after setting the values of the 
neighbourhood in ascending array the median of these values is selected to replace the original one. 
 
Figure 5.3. Schematic representation of weighted median filtering in a 3X3 kernel, after multiplying the 
neighbourhood values with the corresponding weights the summation is divided by the overall weight and 
the resulting value replaces the original one. 
 



 
XVI 

Figure 5.4. The numeric chart of the HFA visual field output (middle) and the grayscale graph (right) and the 
corresponding table of sensitivity values of the visual field numeric chart to the data locations (left), for the 
right eye of a glaucoma patient. 
 
Figure 5.5. Block diagram illustrates the phases of denoising visual field printout. 

 

Figure 5.6. Gardiner’s proposed Predictor filter with the group of points connected with lines of different 
thickness, named as k-factor (right table)  for the applied  filter (after Gardiner et al., 2004) 
 
Figure 5.7. Graphic illustration of the design of a Hybrid filter according the deploying of the optic nerve 
bundles. The numbers of group points (middle column) all over the field follow the bundles of the retinal 
nerve fiber layers (after Garway-Heath et al., 2000) at the top-right of the illustration and the weight (right 
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Figure 5.8. Graphical representation of filtering results for the right eye of a normal subject’s visual field, for 
all visits and  SITA Standard algorithm. The first from the left column illustrates the Pattern Deviation 
probability values, the second column the raw sensitivity values and the third and fourth column the sensitivity 
values after applying the mean (SENS1mean3s.mat) and the median (SENS1median3s.mat) filter, 
respectively. The learning index (LI) is the index as calculated previously by the method described in chapter 
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Figure 5.9. Graphical representation of filtering results difference from raw sensitivity values, for the right eye 
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illustrates the Pattern Deviation probability values, the second column the raw sensitivity values and the third 
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by the method described in chapter 3. 
 
Figure 5.10. Graphical representation of filtering results, for the right eye of a normal subject’s visual field, 
for all visits and the SITA Standard algorithm. The first from the left column illustrates the Total Deviation 
probability values, the second column the raw sensitivity values and the third column the sensitivity values 
after applying the adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered outcome can be compared 
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Figure 5.11. Graphical representation of filtering results, for the right eye of a normal subject’s visual field, 
for all visits and the SITA Standard algorithm. The first from the left column illustrates the Total Deviation 
probability values, the second column the raw sensitivity values and the third column the sensitivity values 
after applying the adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered outcome can be compared 
with the 5th visit raw sensitivity chart, where the matching area of the visual field (yellow colour).  
 
Figure 5.12.  Graphical representation of filtering results, for the right eye of a glaucoma patient’s visual field 
(with mild defects), for all visits and the SITA Standard algorithm. The first from the left column illustrates the 
Total Deviation probability values, the second column the raw sensitivity values and the third column the 
sensitivity values after applying the adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered outcome 
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Figure 5.13. Graphical representation of filtering results, for the right eye of a glaucoma patient’s visual field 
(with mild defects), for all visits and the SITA SWAP algorithm. The first from the left column illustrates the 
Total Deviation probability values, the second column the raw sensitivity values and the third column the 
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Figure 5.15.  Graphical illustration of the discrepancy of sensitivity elevation for the right eye of OAG patients 
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SECTION A: INTRODUCTION AND LITERATURE REVIEW 
1 CHAPTER ONE - Review of Perimetry and Visual Field 
 
1.1 The visual field 
 
The ancients knew the existence of the field of vision and Hippocrates was the 

first who described hemianopias. In the 17th century, French physicist Mariotte 

described the physiological blind spot and related to it the optic nerve head. In 

the early 19th century, Young and Purkinje described and measured the limits 

of the visual field, and von Graefe was the first to use clinical measurement of 

the visual field in the 1850s (Johnson, 2013). 

 

The differential light sensitivity (DLS) represents the reciprocal of the 

differential light threshold and is illustrated as ΔL/L. The differential light 

threshold is the luminance of the minimum stimulus, in opposition to a 

continuous luminance background. It is very essential in order to obtain a 

visual response and is expressed as L/ΔL, where L is the luminance 

background and ΔL is the luminance of the minimum stimulus. In order to 

evaluate the visual field, the differential light threshold must be measured at 

different locations within the field (Anderson and Patella, 1999; Schiefer, Patzold 

and Dannheim, 2005). 

 

Visual field is the total area or the perceived “space” of peripheral vision, for 

an eye fixed on a stationary object and head and body preset on a particular 

position. The term “space” is used to highlight the fact that the eye is looking 

at a three-dimensional volume of space rather than a two dimensional area. 

The normal human visual field extends to approximately 60 degrees nasally to 

100 degrees  temporally (Fig. 1.1a) and approximately 60 degrees  above 
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(a) (b) 
 

Figure 1.1. The extent of visual field, (a) temporal (yellow) and nasal (red) visual field 

and (b) superior (blue) and inferior (green) visual field 

. 
(superior) and 75 below (inferior) the horizontal meridian (Fig.1.1.b). Differences 

in visual field measurements obtained from individuals are related to the 

restriction of the nose and orbital bones around the eye. This is often noticed 

in patients with deep eyes and prominent brows (Henson, 1998; Stanojcic et al., 

2010). 

 
 
The physiological blind spot is the area that appears 15 degrees from the 

fixation point in the temporal visual field, and 1.5 degrees slightly below the 

horizontal meridian. It covers an area of 5.5 degrees horizontally and 7.5 

degrees vertically (Schiefer, Patzold and Dannheim,, 2005; Rhodes, 2013). 

There are no rods or cones in this area and for this reason it does not record 

light and this area is known as the optic disc. Because the visual field diagram 

represents the field as the patient sees it, the blind spot appears to the right of 

fixation in the right eye and to the left of fixation in the left eye (Landers et al., 

2006). 
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Traquair in 1927, for the first time proposed the concept of "an island of vision 

surrounded by a sea of darkness" in order to simulate the visual field (Fig. 

1.2). Considering the visual field to be like a three-dimensional topographic 

map of an island or a hill, it makes interpretation easier. Traquair’s 

representation sits on a base plane that stands for the horizontal and vertical 

dimensions of visual space, while the third dimension upwards signifies the 

differential light sensitivity (DLS), which is the capability of the visual system to 

identify spots of light that are brighter than the background, at each point of 

the field. 

 
 

Figure 1.2. Three-dimensional representation of the differential light sensitivity of the 

visual field often referred to as the “hill of vision” or the “island of vision in the sea of 

blindness.” The black oval represents the physiologic blind spot. The drawing 

represents left eye. (Modified after Johnson, 2006) 

 
 
 
1.2 Kinetic and Static Perimetry 
 
 
Commonly, there are two basic techniques for visual field assessment used in 

clinical  practice.  Depending  on  whether  or  not  the  stimulus  moves,  the 
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examination should be graded as kinetic or static (fig.1.3). Perimeters are also 

classified as manual or automated, depending on whether the stimulus is 

moved by hand, as in the Goldmann perimeter, or if the stimulus location is 

changed by a computerized mechanism incorporated into the instrument, as in 

the Humphrey Field Analyzer (HFA). 

 
 
 
Figure 1.3 Three-dimensional illustrations of stimulus presentation in manual kinetic 

and static perimetry (Modified after Cubbidge, 2005) 

 
 
 
 
In the late 1970s, computer technology was combined with visual field testing, 

resulting in the introduction of the first automated perimeters (Johnson, 2013). 

There are several detailed reviews of the history of visual field testing 

(Thompson and Wall, 2010; Johnson, Wall and Thompson, 2011; Johnson, 

2013). 

 
 
Although nowadays we have many different types of perimetric techniques 

and there have been many advances in this ophthalmic diagnostic test 

procedure, the basic test method has remained rather similar (Johnson, Wall 

and Thompson, 2011). Several automated visual field testing devices are on 
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the market, but the two most widely used systems are the Octopus perimeter 

developed by the Swiss firm Haag-Streit AG., and the Humphrey Visual 

Field Analyzer, marketed by Carl Zeiss Meditec, Inc. In fact, both perimeters 

mentioned have the capability of doing both static and kinetic tests, but in 

practice none of them can be used as a manual perimeter, because automated 

perimetry has mostly replaced manual perimetry in clinical practice (Werner, 

2011). 

 
 
Kinetic perimetry entails the detection of moving targets, while static perimetry 

involves the detection of a stationary target (Broadway, 2012). In kinetic 

perimetry a stimulus with constant size and luminance is presented from a 

non-seeing area to seeing area in the different meridians of the visual field, 

until the patient detects the stimulus, where those endings demonstrate the 

peripheral boundaries of the visual field. This line with the connected points is 

the isopter, which is plotted from the endpoints in each meridian. Normally 

each quadrant consists of no less than six radial lines with 15° separation. 

Each stimulus value and target size gives a different isopter size, which can 

be plotted on a single paper. The Goldmann hemispheric projection perimeter, 

which developed in 1945, is a common example of a manual perimeter for 

kinetic technique (Rowe and Rowlands, 2014). 

 
 
The kinetic visual field has been classically interpreted by measuring one or 

more isopter field areas. However, more often than not measurement  is limited 

to one isopter field area. As a result, there is not any information about the 

sensitivity of the target luminance (Christoforidis, 2011). For that, some 

automated   kinetic   perimeters   have   been   developed   to   address   the 
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disadvantages of the existing manual kinetic measurement techniques 

(Hirasawa et al., 2014). 

 
 
In kinetic perimetry, shallow or small areas of visual field loss can be easily 

overlooked due to the movement of the stimulus and the resulting successive 

lateral summation. Therefore, the technique is not as sensitive as static 

perimetry (Heijl, 1976). However, kinetic perimetry is more useful than static 

perimetry for the examination of steeply bordered advanced loss and is currently 

more useful for the examination of the peripheral field (Vonthein et al., 2007). 

On the other hand, the process is restricted by the lack of standardisation of 

the stimulus velocity and by the reaction time of the patient, both of which can 

essentially influence the visual field size (Wall et al., 2013a). 

 
 
In static perimetry, a constant size stationary stimulus is presented at a given 

location of the retina adjusted in specific levels of luminance and either 

increased, until a ‘seen’ response is obtained or decreased, until a ‘not seen’ 

response is obtained or both (Punjabi, Lin and Stampe 2006). Compared to 

manual kinetic perimetry, static perimetry is independent both of the patient’s 

and the perimetrists’ reaction time and, of course, of the stimulus velocity 

(Pineles et al., 2006, Christoforidis, 2011). The goal of the automated 

perimeter is to reduce testing time and to maintain standardised test 

conditions. The Goldmann perimeter was rarely used  for static perimetry 

because of the tedious nature of the procedure (Henson, 1998, Pineles et al., 

2006; Wall et al., 2013a). 
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The Humphrey perimeter, as the most used automated perimeter worldwide 

gained its standardisation over the Goldmann manual perimeter because of its 

new characteristics and became the new gold standard instrument for testing 

visual fields. During the visual field measurement, the background brightness 

(luminance) is held constant, while a test object of altering size, brightness, 

and position is projected onto it. In general, the slope of the visual field 

sensitivity contour is steeper for higher background luminance, and it is flatter 

for lower background luminance (Johnson, 2013). 

 
 
1.3 Visual field loss 
 

One of the main aims of perimetry is the assessment of the glaucomatous 

visual field. Glaucoma refers to a group of optic neuropathies leading to visual 

impairment and blindness. If glaucoma remains untreated, it may produce 

optic nerve damage, leading to vision loss. initially starting with unnoticeable 

scotomata at the periphery of the visual field, frequently are illustrated in the 

arcuate region showing progressively  tunnel vision, and finally leading to 

blindness. 

 
 
Consequently, visual field tests can be extremely valuable for glaucoma. At 

the same time, visual field assessment should be performed at baseline and 

periodically in the glaucoma follow-up or to monitor the effectiveness of adopted 

therapeutic schemes. On the other hand, visual field defects can adversely 

affect every day life activities such as reading or driving and should be taken 

into consideration when verifying degree of disability or planning rehabilitation 

strategies (Ghate et al., 2014). 
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The human visual pathway begins with the photoreceptors (rods and cones), 

which lie in the outer layers of the retina. These photoreceptors consist of 

photopigments sensitive to specific regions of electromagnetic spectrum that 

absorb photons of light. This light energy is transformed by photoreceptors 

into electrical signals, which are transmitted along the visual pathway. These 

signals pass from the photoreceptors through several retinal cell layers to the 

ganglion cells. While some photoreceptors may lose their sensitivity, a possible 

scotoma should develop in the specific area of the visual field (Kiernan and 

Rajakumar, 2014). 

 
 
Axons from the retinal ganglion cells (RGC) then begin their route across the 

inner surface of the retina as the retinal nerve fibre layer and converge on and 

exit through the optic disc. This retinal nerve fibre layer lies just below the 

internal limiting membrane. Nerve fibres from the macular region run directly 

to the temporal side of the optic nerve head and are referred to as the 

“papillomacular bundle”. Fibres from the nasal half of the retina come directly 

to the optic disc as superior and inferior radiating fibres. Fibres from the 

temporal retina arch above and below the macula and papillomacular bundle 

and run as superior and inferior arcuate fibres with a horizontal raphe in 

between (Fig.1.4). As the majority of these arcuate nerve fibres are more 

sensitive to glaucomatous damage and they stop at the horizontal raphe, this is 

a specific glaucomatous pattern (Prasad and Galetta, 2011). 
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Figure 1.4. Retinal nerve fibre Iayer pattern demonstrates arching fibres above and 

below the papillomacular bundle. The arcuate area is the most common area of 

glaucomatous visual field defects. (Modified after Harrington and Drake, 1990) 

 
 
The earliest changes indicative of glaucoma consist of increased variability of 

response in areas that afterwards develop defects (Kanski and Bowling, 2011). 

Alternatively, these alterations may be slight asymmetries between the two eyes. 

Classically, glaucomatous visual field defects are illustrated initially in the 

arcuate region within the central 30°. Defects in this area typically reflect 

the pattern of the arcuate nerve fibre layers (Fig. 1.4). However, with greater 

eccentricity from fixation the arcuate fibres gain a more linear orientation. 

 
 
These differences in central and peripheral nerve fibre layer patterns influence 

the shape of glaucomatous visual field defects (Fig. 1.5). Since the defects 

respect the distribution of the retinal nerve fibre layer they come to an end at 

the horizontal midline, although deficiencies above and below the horizontal 

meridian are not aligned with each other. 
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Figure 1.5  Schematic illustration of different types of glaucoma defect patterns. 

(a) nasal step, (b) temporal wedge, (c) established superior arcuate defect (d) early 

superior paracentral defect at 10ο  (e) superior fixation-threatening paracentral defect 
(f) superior arcuate with peripheral breakthrough and early inferior defect. 

 
 
Absolute scotoma is the visual field defect that can be classified as a blind 

area, where the perception of light is entirely lost. Damaged areas that retains 

some degree of differential light sensitivity and do not meet the above 

descriptions are classified as relative scotomata. Relative scotoma is a specific 

area of the visual field, where low luminance targets cannot be seen but larger 

or brighter ones are visible. 
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Paracentral and arcuate scotomata and nasal defects are examples of 

localized visual field loss. Arcuate or Bjerrum scotoma is a defect that develops 

between 10ο and 20ο of fixation in areas that constitute downward or more 

commonly upward extensions from the blind spot around fixation (Bjerrum 

area) to reach the horizontal line. If only a portion of the axons are involved 

and the fibres are likely to be of approximately equal length and originated 

only from a part of the arcuate segment, the defect is labelled as paracentral 

scotoma. A ring scotoma (or double arcuate scotoma) develops when  arcuate  

defects  in  upper  and  lower  halves  of  the  visual  field  join 

together. Misalignment between the two often preserves the nasal step (Kanski 

and Bowling, 2011). 

 
 

Nasal (Roenne) step represents a difference in sensitivity above and below 

the horizontal meridian in the nasal field, which results in an unequal loss of 

the inferior and superior arcuate nerve fibres across the horizontal raphe. It is a 

common  finding usually  associated with other defects. Early peripheral nasal 

steps have been described as “wedge-shaped” scotomata along the 

horizontal meridian. A temporal wedge is less common but has similar 

implications. 

 
 
Generalized loss represents a small but significant loss in sensitivity across 

the whole visual field characterized by isopter contraction and a reduced 

mean sensitivity, commonly associated with cataract. It should be mentioned 

that very high brightness stimuli can cause light scatter and be seen by 
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functioning areas that lie peripheral to an absolute scotoma, leading to an 

incorrect classification of the defect as a relative scotoma (Prasad and Galetta, 

2011). 

 
 
As mentioned before, axons from the ganglion cells follow a specific 

topographic arrangement in the optic nerve and chiasm. The intracranial parts 

of the optic nerves extend posteriorly from the optic foramen and join at the 

optic chiasm. The extraocular part of the visual pathways starts at the optic 

nerve, passes through the optic chiasm, the optic tract, the lateral geniculate 

nucleus, the optic radiation and finishes at the nerve cells of the visual cortex. 

 
 

Within the chiasm, fibres from the nasal retina of each eye cross into the 

contralateral optic tract, and fibres from the temporal retina pass uncrossed 

into the ipsilateral optic tract (Schiefer et al., 2007). Destruction of the optic 

chiasm causes bitemporal hemianopias resulting from tumours of the pituitary 

gland pressing upward  from the sella turcica on the  bottom of the optic chiasm. 

These visual field defects respect the vertical but not the horizontal meridian 

(Schiefer et al., 2007; Hitchings, 2009). 

 
 
The optic tract consists of nerve fibres from one half of the visual field only, 

and bends the pathway around the brain stem. About 10 per cent of the fibres 

leave each half of the visual pathway and pass to the pretectal nucleus in the 

brain stem, which are responsible for the pupillary light reflex. The remainder 

of the optic tract ends at the lateral geniculate nucleus. Destruction of an optic 

tract cause homonymous hemianopsia. 
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The lateral geniculate nucleus (LGN) lies in the posterolateral aspect of the 

brain stem and next to the thalamus. In this area nerve fibres that originate 

from the retinal ganglion cells synapse with fibres that originate from cells in 

the visual cortex. The optic radiations continue the visual pathway from LGN 

to its ends at the neurons of the visual cortex. The fibres leave from the lateral 

part of LGN and spread out in a fan formation but preserving their retinotopic 

projection. Damage to the LGN causes contralateral homonymous 

quadrantanopsia. 

 
 

The end point of the visual pathway is the visual cortex. In the visual cortex 

corresponding retinal points meet and become perfectly matched by location. 

Lesions in the visual cortex cause homonymous hemianopsia and usually 

have macular sparing. 
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1.4 Basic Principles of Perimetry 
 
1.4.1 Stimulus size and intensity 
 
 
In perimetry, the required stimulus size depends on the type of visual field 

examination. In automated perimetry it is common to refer to the size of 

stimulus using the size equivalent to one of those used in the Goldmann bowl 

perimeter. Normally,  in automated perimetry, differential light sensitivity is 

verified by varying the brightness, not the size of the stimulus. It uses a 

standard white stimulus, with a range between 51 dB (or 0.08 apostilbs) that 

correspond to the minimum brightness or high retinal sensitivity, and 0dB (or 

10000 apostilbs) that corresponds to the maximum brightness or non-retinal 

sensitivity (Heijl, Bengtsson and Patella, 2012). 

 
 
Decibel (dB) is the unit used to measure differential retinal sensitivity. In 

practice, decibels are used to compare the intensity of light to the maximum 

possible light intensity the perimeter can produce. Decibels are usually 

specified as log units. The two are related by a factor of 10, where 1 log unit 

equals 10dB (Schiefer et al., 2005; Johnson, 2013). 

 

Currently, static automated perimetry uses the Goldmann III target stimulus, 

which is a small circular increment of white light subtending 0.43ο of visual 

angle and is presented on a dimmer white background and all normal values 

are related to this stimulus size (Marin-Franch and Swanson, 2013). Larger 

stimulus sizes may be employed for individuals with poor visual sensitivity, like 

the Goldmann size V stimulus (1.72ο diameter, 64 mm2) along with the Full 

Threshold  testing  strategy,  because  there  is  no  SITA  program  currently 
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available for size V stimuli and its variability for individual test locations is 

substantially lower (Wall et al., 2013a). 

 

The Original Goldmann set of stimuli includes 6 different sizes with a range 

from size 0 to size V, each step corresponding to a factor of 2 in diameter or a 

factor of 4 in area compared to the immediately previous smaller stimulus. 

Wall and colleagues found in a study the same number of abnormal locations 

with III, V, and slightly fewer for size VI (diameter 3.44o), probably because 

increasing stimulus size results in a decrease in the number of abnormal test 

locations, as the bigger size of stimulus overlaps smaller defective areas 

(Swanson, 2013). Another undesirable consequence of using large stimulus 

sizes is a reduced detection of some hemianopic defects. Size VI appears 

slightly less sensitive for glaucoma with mild loss. However, using larger 

stimulus sizes has some distinct advantages. Variability is lower with larger 

sizes, often without a loss of signal and the effective dynamic range is greater 

(Wall et al., 2013a). 

 

Newer instruments allow use of very different types of target stimuli (Fig.1.6), 

such as sinusoidal stimuli, flicker-defined forms, or moving lines. Novel types 

of perimetry, like Frequency Doubling Technology (FDT) utilizes a vertical sine 

wave grating with a size of 10ο in diameter and a low spatial frequency (0.25 

c/deg) that undergoes counterphase flickering at 25 Hz and FDT2 a size of 5° 

stimuli of a vertical cosine wave grating with a spatial frequency of 0.5 c/deg 

that undergoes counterphase flickering at 18 Hz. The flicker defined form 

(FDF) perimetry stimulus or Contour “Edge” Illusion is a circular stimulus 2–8° 
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in diameter, created by a phase reversal of black and white dots that flicker in 

counter-phase to the background dots (Wall et al., 2010; Francis et al., 2011). 

 
 

 
 
 
Figure 1.6. Sinusoidal stimuli for FDT (a) and dot flicker stimuli for FDF perimetry (b). 

 
 
 

Between stimulus size and stimulus luminance there is a good relationship. 

For a range of small stimuli the effect of changing either size or intensity is 

proportionally the same, such that reducing the intensity of a stimulus at 

threshold by 50% means that the stimulus must be twice as large in order to 

reach threshold again. This relationship is commonly referred to as Ricco’s 

law and describes complete spatial summation. However, this relationship 

becomes ineffective for larger stimuli and summation is said to be incomplete 

(Redmond and Anderson, 2011). When the stimulus area exceeds this critical 

area (known as “Ricco’s area”) then partial summation takes place. 

 
 
Nevertheless, decrease in retinal effective illumination influences the stimulus 

relative visibility. In contrast, the lessened retinal image projection balances 

for this outcome; out to an eccentricity of 80º, the retinal illumination is more 

or less stable. Given that different perimeters have different types of stimuli, 

and even different definitions of sensitivity, the decibel scale is instrument 

dependent (Anderson, Johnson and Werner, 2011). 

(a) (b) 
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1.4.2 Background Illumination. 
 
The island of vision can rapidly change due to fluctuations with the state of 

adaptation. Whenever the eye is light adapted (photopic), it will appear as a 

relatively low-elevation island with a peak at the centre- the fovea. In mesopic 

conditions it becomes flatter and in dark adaptation (scotopic) the peak of 

sensitivity at the foveal area is lost (Fig.1.7). The improvement of sensitivity in 

the dark-adapted retina is not the same at every location (Weijland et al., 

2004). 

 

 
 
Figure 1.7 The island/hill of vision under Photopic, Mesopic and Scotopic adapted 

conditions. 

 

Given that sensitivity reduces with age, Swanson and colleagues suggest that 

for a  single  background  luminance, the  retinal illumination produced  in  a 

young eye with a clear lens and 8-mm diameter pupil can be up to 20 times 

greater than the retinal illumination produced in an older eye with a 2-mm 

diameter pupil and typical density for an aged lens without cataract, although 
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illuminations produced by the background and stimulus are equally affected 

by pupil size and lens density (Swanson, Dul and Fischer, 2005; Swanson, 

2013). 

 
 
The background luminance of the perimeter carries out a significant role in 

retinal sensitivity determination and it must remain constant within an 

examination, since it confirms the state of retinal adaptation. It determines the 

state of light- versus dark-adapted retina. The Humphrey and Octopus 

perimeters generally use a background illumination of 31.5 asb or 10 cdm-2. A 

background luminance of 10cdm-2 fulfils the necessity for minimum adaptation 
 
time for the patient from the general room illumination. Reducing the 

background illumination of a perimeter will increase the necessary time for the 

retina to adapt to the lower luminance (Anderson and McKendrick, 2007; Pan 

and Swanson, 2006; Redmond and Anderson, 2011). 

 
 
The reason why at high background luminance the critical duration is reduced 

for large areas of stimulus is probably associated with the effect of 

background on spatial summation. As a consequence, the area over which 

there is complete spatial summation (Ricco’s Law) turns out to be smaller at 

high background luminance, so that in order to accomplish maximal temporal 

summation the stimulus area must be smaller than Ricco’s summation area, 

when increment threshold  measurements are made, by contrast  with the 

situation at absolute threshold when summation becomes unimportant 

(Davidson and Akingbehin, 1980; Todorova et al., 2013). 
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1.4.3 Stimulus Duration 
 
The critical stimulus duration range in the normal population varies between 

 
60 and 100ms (Greve, 1973; Saunders, 1975; Okuyama et al., 1999). 

Perimeters generally use a stimulus duration longer than the critical duration 

in order to minimize the effects of temporal summation that produce higher 

inter-individual variability (Greve, 1973; Carroll and Johnson, 2013). As a 

result, previous series of Octopus perimeters used stimulus duration of 100ms 

whilst the recent models of Octopus and the Humphrey Field Analyzers (HFA) 

use stimulus duration of 200ms. Short stimulus durations reduce the 

examination time and are useful for patients with poor fixation (Greve, 1973) 

but increase the variability of the threshold estimate (Rowe and Rowlands, 

2014). 

 
Temporal summation decreases with increasing stimulus size (Saunders, 1975) 

and increasing background luminance (Saunders, 1975; Daly and Normann, 

1985; Garway-Heath et al., 2000a). Temporal summation also fluctuates 

physiologically not only between normal individuals but also in case of ocular 

disease (Garway-Heath et al., 2000b). 

 
 
 
1.4.4 Stimulus generation 
 
The stimulus generation method employed by automated perimeters varies 

between different types. Three different methods of stimuli generation have 

been employed: projection systems, fibre-optics or light-emitting diodes (LED). 
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LED and fibre-optics suffer from a series of restrictions, like the relative high- 

cost of fibre-optics. 

 
The most common type of perimetric stimulus generation is the projection 

system that uses a single light source and permits the light pass through a 

system of condensing lenses, apertures and filters in order to be projected 

through a mirror system onto the bowl. The aperture and filter wheels control 

size and wavelength. Small stepper motors define stimulus location and give a 

maximum  resolution  of  0.2o   between  adjacent  stimuli  (Fankhauser,  1979; 
 
Heijl, 1985; Swanson et al., 2014). 

 
Projection system’s advantages are the fine spatial resolution and the flexibility 

of the stimulus direction, but the noise created by stepper motors may lead 

to an increase of false positive responses due to patient audio clues. The 

Humphrey Field Analyzers and Octopus perimeter series, use a projection 

system of a halogen source (Weijland et al., 2004). 

 
 
1.4.5 Stimulus configuration 
 
During visual field examination, the most important effort is to balance the 

necessity to take full advantage of the possible visual field loss detection with 

that of a reasonable examination time. Without a doubt, the number of stimulus 

locations within any given visual field examination mostly defines the
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duration of the test. On the other hand, the number of the stimuli and the 

extent of the separation between them, classifies the resolution with which the 

defect can be recognized (Henson, Chauhan and Hobley, 1988). 

 
 
In any examination set of visual field tests the layout of stimulus locations is 

designated as a “Program”. The Program 32 first was introduced with Octopus 

perimeters in 1975. Later on, Humphrey Field Analyzers adopted the Program 

32 and used it as a HFA 32-2 program. All Humphrey programs ending in -

2 (e.g., 10-2, 30-2, 24-2,) are offset from the horizontal and vertical meridians. 

Programs 30-2 and 24-2, which use 6° spacing, are thus offset by 

3o and the stimuli are introduced in terms of a square grid that is offset by 3o, 
 
equally from the horizontal and the vertical midlines, correspondingly, and in 

which the inter-stimulus separation is 6o. 

 

One of the more commonly used tests is the standard Humphrey Program 30- 

2, which samples 76 locations with a uniform 6° grid extending to 27° from 

fixation (Fig. 1.8). As the distance from fixation increases, the normal 

sensitivity values decrease, with a analogous increase in the intratest and 

test-retest variability. One advance to shortening the test is to delete the outer 

row of locations (Fig. 1.8). Following this approach HFA established Program 

24-2, which only tests out to 21°, except for preserving the important-nasal 

extent of Program 30-2.  The resulting test contains 54 locations, a  29% 

reduction compared with the Program 30-2 grid, and considerably shortens 

the test duration. This represents an attractive trade off in patients who fatigue 

with additional testing. 
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Figure 1.8. Program 24-2 and 30-2 test grids. Program 24-2 deletes the outer row 

(bold points) of the 30-2 test grid with the exception of the two nasal locations. 

 

Programs 30-1 and 24-1 test a uniform 6° grid out to 30° and 24°, 

correspondingly, but are not offset from the horizontal and vertical meridians. 

Because scotomata centred on these meridians are difficult to classify 

(superior vs. inferior, nasal vs. temporal), and because the corresponding 

locations have a reduced amount of diagnostic value, these programs are 

rarely used. 

 
 
There are supplementary programs permitting exploration of the peripheral 

visual field (beyond 30°), like the HFA Program 60-4 in standard static perimetry 

that extends the test out to 60°, with a uniform grid testing of 60 additional 

locations, when subject cooperation permits. 

 
 
Advanced glaucoma patients demonstrate visual field defects often involving 

the central field. Program 10-2 provides a high-resolution test of the central 
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10°, with a fixed 2° grid and offset 1° from the meridians (Fig 1.9a). This 

strategy offers the benefit of testing more areas with quantifiable threshold 

and a total of 68 locations are used. For more objective and precise 

measurement of fixation characteristics, the use of Microperimetry has been 

employed. It has been widely used in clinical practice to document both retinal 

fixation and retinal sensitivity characteristics (Kulkarni, Chaudhurl and 

Jagathesan, 2013; Longhin et al., 2013). 

 
 
 

  
 
 
(a) (b) 

 
 
 
 
Figure 1.9. (a) Program 10-2 grid uses 68 test points and 2° spacing with 1° offset 

from the meridians and tests out to 9° of visual field. (b)  Microperimetry grids 

resembling the common 10-2 pattern but utilising 52 test points. 

 
 
 
Microperimetry is a method in which retinal sensitivity is assessed while the 

fundus of the eye is directly inspected and it enables an exact correlation 

between macular pathology and corresponding functional defects (Midena, 

2006; Ozturk et al., 2008). 
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Microperimeters incorporate the appropriate technology and facilities needed 

to consider components of residual visual function and functional vision. 

Residual visual function and functional vision after macular vision loss are 

principally defined by 3 most important components: scotoma characteristics, 

preferred retinal loci (PRLs) and oculomotor control. Microperimetry may 

demonstrate advantages as a method compared to standard automated 

perimetry (SAP) for residual visual function assessment (Markowitz and Reyes, 

2013). 

 
Microperimetry uses also a “10-2” grid pattern with a stimulus separation of 2o 

including stimulus locations at retinal eccentricities between 0o and 22o. 

(Fig.1.9b). Although typically the Goldman III stimulus size has been used, 

the size and colour of the stimuli and fixation target may be varied, and 

thresholds can be estimated using  “4-2 dB” or “4-2-1 dB” staircase strategies 

 
(Acton and Greenstein, 2013). 

 
 
 
1.5 Presentation of Perimetric Results 
 
1.5.1 Numerical values of sensitivity 
 
Each type of perimeter always includes a printout that contains a numerical 

display, where the threshold values of each tested point are listed. These 

values illustrate the threshold estimate at each stimulus location and are 

interpreted in terms of sensitivity, expressed in decibels. 

Individuals with good peripheral vision can detect very faint stimuli, so the 

dimmer the stimuli the higher the threshold number. The higher the numbers 

of this plot, the greater the sensitivity at these visual field locations, and the 
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better the patient has performed on the test. With a number of threshold 

algorithms, the values of a second threshold estimate at any specified stimulus 

location are displayed underneath the initial value. 

 
 
 
1.5.2 Greyscale printouts 
 
The greyscale display, normally situated in the upper right corner of the printout, 

next to the numerical graph, assigns different shades of grey to different 

ranges of threshold sensitivity and gives a general idea of how a visual field 

looks. When showing and explaining test results to patients, the greyscale is 

very useful and easy for patients to understand (Dersu and Thaly, 2007; 

Chaglasian, 2013). 

 
The greyscale graph converts the dB values to a "grey" tone scale.  For 

example, values less than or equal to "0" are represented by solid black, 

meaning the patient did not respond to the brightest stimulus. Values above 40 

dB are represented by total white, meaning that the patient could see the 

dimmest stimuli. The values in-between are represented as an interpolated 

grey scale, by varying shades of grey, made up of increasing densities of 

dots. The greyscale levels are regularly organized into groups of 5 dB in 

width. The greyscale range for the Humphrey Field Analyzers have a range 

from 0 to 51 dB, in 10 levels of grey. The scale at the bottom of the chart 

shows the corresponding values of the greyscale in apostilbs and decibels. 

Every change in the greyscale tone corresponds to a 5-decibel change in 

threshold. 
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The greyscale is neither age nor eccentricity corrected. By itself, the 

appearance of the grey scale in the normal eye darkens with increase in 

eccentricity. It furthermore darkens with increase in age, to reflect the reduction 

in the height and shape known as “peripheral steepening”. In early sensitivity 

loss the greyscale may show normality, mainly in the paracentral regions, but 

in the occurrence of severe loss, the greyscale becomes gradually more 

representative of the visual field as the general height correction (Asman, Wild 

and Heijl, 2004). 

 
As a result of the dissimilarity in the magnitude of the normal values of 

sensitivity between standard automated perimetry and short-wavelength 

automated perimetry, the appearance of the greyscale for short-wavelength 

automated perimetry in the normal eye is darker than that for standard 

automated perimetry (Wild, 2001). 

 
Nevertheless, as a consequence of the grid spacing, small defects can be 

missed when interpreting the result without reference to other information 

provided in the printout. Even if it permits the visualization of defective areas, 

the greyscale demonstration introduces values between authentic test 

locations and frequently conceals discrete scotomata. No diagnosis should be 

based on  the greyscale  alone, as  these graphs  turn out  to be  the least 

valuable information on the print out. The greyscale is intended to give just an 

impression and drive one's attention to an area that needs detailed 

examination. 
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1.5.3 Total Deviation and Pattern Deviation plots 
 
The Total Deviation (TD) is a numerical plot that presents the deviation of the 

patient’s raw sensitivity results from those of age-matched controls at each 

test location. The Pattern Deviation (PD) is a numerical plot similar to Total 

Deviation plot except that it is adjusted for any generalized depression, such 

as that caused by cataract or media opacities. 

 
Correcting the seventh-best deviation value within the Program 24-2 test grid 

to zero deviation and adjusting the entire field by that value, the Pattern 

Deviation modifies the Total Deviation plots in an attempt to display any 

superimposed patterns of localized loss hidden under generalized depression. 

The Pattern Deviation plot should be carefully inspected for early detection or 

progression of glaucomatous visual field loss. 

 

 
1.5.4 Total Deviation Probability maps 
 
Variability depends upon test point location, general field status, and depth of 

visual field defects. Heijl and colleagues (1990) used these conclusions to 

estimate significance limits for change at each tested point as a function of the 

above factors, and knowledge of such limits to make possible the design of 

total deviation glaucoma change probability maps (Heijl, 1989; Heijl, Lindgren 

A and Lindgren G, 1990). 

 
The total deviation symbol map illustrates the statistical significance likelihood 

of each calculated deviation from the normal age values at the specified 

location (i.e. p<5%, p<2%, p<1% or p <0.5%) in terms of symbols, which rise in 
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the level of grey as the magnitude of the probability level becomes increasingly 

smaller. For instance, if a location is marked with the symbol for p 

< 1%, that means less than 1% of normal age-corrected fields have a threshold 

value that low (Werner, 2011). The darker the pattern (symbol) is, the more 

significant the deviation from the expected threshold (Wall et al., 2009), 

 

1.5.5 Pattern Deviation Probability analysis 
 
This additional probability analysis for the Humphrey Field Analyzer is 

displayed as the Pattern Deviation probability map in an identical manner to 

that for the Total Deviation map. The pattern deviation probability map 

separates the general reduction in sensitivity, which arises through media 

opacities, optical defocus or miosis from the localized sensitivity. 

 
Pattern deviation maps show the significance of deviations from age-normal 

values after correcting for any generalized depression or elevation of 

sensitivity found in the normal portions of the field. 
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1.5.6 The Glaucoma Hemifield Test (GHT) 
 
 
The Glaucoma Hemifield Test (GHT) is exclusively designed to identify 

localized glaucomatous visual field loss and is available for the Humphrey 

Field Analyzers (Asman and Heijl., 1992a; 1992b). It is evaluated by 

comparing the differences between the superior and inferior hemifield in the 

magnitude of the Pattern Deviation probability level either side of the midline. 

The power of GHT analysis to discover glaucoma damage derives from the 

predisposition of glaucomatous defects to affect the upper field differently from 

the lower field due to separation of upper and lower RGC axons at the optic 

disc (McCoy et al., 2014). 

 
 
Figure 1.10 The GHT Pattern. The five superior clusters have five mirrored inferior 

clusters. 

 
 
In an early glaucomatous patient visual field loss usually starts on one half of 

the field and it rarely crosses the horizontal meridian (Nouri-Mahdavi et al., 

2011). As a result, the idea of the test is based upon the hypothesis that 

glaucomatous field loss is asymmetric between the superior and inferior hemi- 
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fields (Katz et al., 1995a; 1995b). Consequently, the GHT divides each of the 

upper and lower hemifields into 5 mirror-imaged zones (Fig. 1.10). Afterwards 

each zone is scored according to the number of Pattern Deviation probability 

values, and compared to its mirror image. The sum of the reciprocal of each of 

the given Pattern Deviation probability levels, is calculated as a probability score 

for every zone and then compared to the mirror image probability score (Asman 

and Heijl, 1992a; Katz, Quigley and Sommer, 1995; Katz, Quigley and 

Sommer, 1995b). 

 
 
The result of the above comparison of the difference between the two 

hemifields is illustrated in qualitative terms on the printout. The GHT has three 

critical scales of classification of visual field: outside normal limits, borderline 

or within normal limits. These criteria based on the GHT may demonstrate 

high sensitivity and specificity with the intention of detecting early glaucomatous 

visual field changes (Johnson, Wall and Thompson, 2011; Boland and Quigley, 

2011). 

 
 
The label, under the GHT printout, named ‘Outside Normal Limits’ specifies a 

general asymmetry, which is statistically significant  at p<0.01 or  an asymmetry 

in one zone, which is statistically significant at p<0.005 and is displayed 

whenever at least one zone pair differs by an amount found in fewer than 1% of 

normal subjects. 

 
 
The label ‘Borderline’ indicates that the asymmetry occurs with a probability 

 
level of p<0.03 found in fewer than 3% but more than 1% of normal subjects 
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and these visual fields are classified as normal. That is because the borderline 

classification indicates small differences between upper and lower hemi-fields. 

 

 
The label ‘General Reduction of Sensitivity’ points to an overall reduction in 

sensitivity across the field, and these visual fields are classified as abnormal. A 

probability level of p<0.005 is displayed whenever even the best test point 

locations are so low as to be at levels seen in fewer than half a percent of 

normal subjects (Nouri-Mahdavi et al., 2011). 

 
 
‘Abnormally High Sensitivity’ label occurs at a probability level of p<0.005 

whenever the best test point locations are so high as to be at levels seen in 

fewer than  half a  percent  of normal subjects and  these visual fields are 

classified as normal (Katz, Sommer and Witt, 1991). 

 
 
An analogous test to the GHT, labelled Neurological Hemifield Test (NHT) 

was developed to improve the detection of chiasmal and post-chiasmal visual 

field loss (Boland and Quigley, 2011). The NHT uses pointwise data from the 

pattern deviation analysis of the HFA instrument, much as the GHT compares 

pointwise pattern deviation data from mirror image clusters across the 

horizontal field meridian. The initial NHT compares one group of 16 points in 

the left  hemifield to  the  mirror image  of 16 points  in the  right  hemifield, 

separated by the vertical midline. As a result, while the GHT compares any 

one or more of 5 clusters to each other, the NHT uses only a single, larger 

cluster for comparison (Boland and Quigley, 2011; McCoy et al., 2014). 
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1.6 Visual Field Global Indices 
 
 
Assessment of a visual field involves clinical analysis of the pattern of field 

loss, looking for evidence of disease and/or progression depending on the 

clinical context. However as an addition to this, automated perimetry allows 

the field to be quantitatively analysed and described in numerical terms. 

 
 
Visual field indices are also very important in evaluating visual field change 

over time. A wide variety of visual field indices have been developed for the 

Humphrey Analyzer to assess the data reduction at each stimulus location. 

Each type of index is a summary measure, which describes a  specified feature 

of the visual field. The indices are optimally used in combination with spatial 

information, mainly that of the Pattern Deviation Maps (Cubbidge, 2005). 

 
1.6.1 Mean Deviation (MD) 
 
 
 
Mean Deviation (MD) simply is a weighted average deviation from the normal 

reference visual field. For the Humphrey Field Analyzer (HFA) a negative 

mean deviation represents loss in sensitivity and is a characteristic of visual 

field depression. In the presence of focal loss MD will also be more negative. It 

is essentially a condensed value that represents the average height of the 

entire hill of vision. In general, MD is relatively not very sensitive to localized 

defects but is strongly affected by generalized depression. Depending the 

type  of  perimeter  used  for  the  test,  the  MD  polarity  may  be  positive  or 
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negative according to the way of subtraction of the average deviation from the 

normal reference data. 

 
 
 
1.6.2 Pattern Standard Deviation (PSD) 
 
 
Pattern Standard Deviation (PSD) reflects irregularities in the field, such as 

those caused by localized field defects and represents the unevenness of the 

surface of the hill of vision. PSD is calculated by taking a location-weighted 

standard deviation of all the threshold values. 

 
 
PSD is insensitive to the overall average height and is strongly affected by 

localized defects. PSD is low or near zero when the visual field is normal and 

increases and peaks at moderate levels of localized field loss, but it turns low 

around zero in cases of high abnormality, because in this case there is rather a 

generalized loss. 

 
 
1.6.3 Corrected pattern standard deviation 
 
 
 
The corrected pattern standard deviation (CPSD) reveals a more accurate 

shape of the hill of vision by removing patient related factors and correcting 

the PSD by subtracting the Short term Fluctuation (SF) value. A high PSD 

value may be due to high SF, low patient reliability, actual visual field defect, 

or both (Yaqub, 2012). 
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1.6.4 Visual Field Index (VFI) 
 
The Visual Field Index (VFI) is an index for the detection of progressive 

glaucomatous loss, used in any deterioration of specified visual field 

(therefore it was originally called Glaucoma Progression Index or GPI) and 

was developed to determine the age-corrected defect depth at stimulus 

locations that were recognized as significantly depressed by Pattern Deviation 

probability analysis (Bengtsson and Heijl, 2008). 

 
The VFI is scored from 100%, which stands for a normal field to 0%, which 

represents absolute loss. Therefore, a sensitivity value, at any specified 

location, positioned within the normal range by Pattern Deviation probability 

analysis is scored as 100% and that of absolute loss is scored as 0%. On the 

other hand, it can be used as an indication of the severity of field loss at any 

specified visual field examination. A sensitivity value, at any specified location, 

showing a Pattern Deviation probability analysis of p<0.05 is expressed as a 

percentage, that is: 

 
 
The VFI is the mean of the weighted scores of the outcome at any specified 

location of the visual field, whereby the most inferior stimulus locations are 

weighted most highly. The main advantage of the VFI was that it would be 

mostly independent of media opacities (i.e. cataract) and would offer a more 

appropriate evaluation of progressive loss than the analogous Mean Deviation 

(Bengtsson and Heijl, 2008). 
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Nevertheless, the VFI has been known to improve in glaucoma patients with 

field loss after cataract extraction and IOL implantation. Ang and colleagues 

(2010) found that the improvement in the group mean VFI/deviation was 4.3% 

compared to 13.6% for the MD. In a study, 53 individuals with various types of 

cataract had undergone visual field tests and the VFI was left unaffected, 

whereas the postoperative MD demonstrated a statistically significant, but 

clinically insignificant improvement and the PSD a statistically significant but 

clinically insignificant worsening (Ang, Shunmugam and Azuaro-Blanco, 2010; 

Rao, Khanna and Payal, 2011). 

 
Artes and colleagues (2011) believe that as the  VFI measurement depends 

upon Pattern Deviation Probability values, a ‘ceiling effect’ is nearby which 

restricts the diagnostic sensitivity for recognition of progressive early defect 

(Artes et al., 2011). 

 
The values of the VFI become highly variable in serial visual field tests with 

MDs crossing –20 dB, in comparison to those VFI values associated with MDs 

on either side of -20 dB. The likelihood for this effect is the change from use of 

pattern deviation probability value to total deviation probability value in points 

included in the calculation of VFI at - 20 dB of MD. The development of 

indices to measure VF rates that are free from this boundary effect in rather 

advanced glaucoma is desirable. In clinical practice and research settings, the 

decrease in VFI when MD crosses -20 dB of sensitivity can be highly variable 

(Rao, Khanna and Payal, 2011; Lee et al., 2014). 
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1.6.5 Cumulative defect curve (Bebie curve). 
 
The cumulative defect curve, introduced in 1989 by Bebie et al., is a plot of 

defect classification, allowing an easy discrimination between diffuse and local 

visual field loss (Bebie, Flammer and Bebie, 1989; Buerki and Monhart, 2007). It 

represents the difference between the calculated threshold and age- corrected 

normal threshold for each one of the tested locations in the visual field. Former 

studies evaluating the cumulative defect curve suggested that the first third 

of the curve (dashed red line in figure 1.11A) is spared from increased 

variation in the early phase of glaucoma (Heijl, Lindgren and Olsson, 1987; 

Funkhouser, Fankhauser and Weale, 1992; Zulauf, Felhmann and Flammer, 

1996). In the plot the abscissa corresponds to the extent of damage and the 

ordinate characterizes the size of the defect. 

 
The normal range, included between the 5th and 95th percentiles is shaded 

light blue (Fig.1.11A). The left side of the curve that is parallel to the normal 

selection illustrates the generalized defect while the decrease on the right side 

characterizes the superimposition of the localized defect. 

 
If the whole curve follows a depression in an even mode, diffuse loss is 

present (Fig. 1.11B).  Henson et al., illustrated that in early glaucoma the first 

10 ranks show decreased sensitivity and Asman further indicated that the 

volume of local sensitivity decline correlates with the level of Diffuse Defect 

(DD) (Henson, Chauhan and Hobley, 1988; Asman, Wild and Heijl, 2004). 

Nevertheless, Bebie curves are still useful for resolving the type of visual field 

loss present, although these curves cannot discriminate the glaucomatous 
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and non-glaucoma  causes of  localized  or diffuse visual field  loss  (Bebie, 

Flammer and Bebie, 1989; Henson, Chauhan and Hobley, 1988). 

. 
1.6.6 Diffuse Defect (DD) index 
 
Diffuse Defect (DD) and Localised Defect (LD) are available for the Octopus 

300 and 900 perimeters (Monhart et al., 2006). 

 

 
 

 
 
 
Figure 1.11. The red line (A) in the figure illustrates a Localized Defect (LD) curve 
and indicates that most of the field is normal but, to the right of the curved line, there 
are a few locations with deep focal defects. The green curve (B) in the figure, which 
runs parallel to the “normal” zone, illustrates the Diffuse Defect (DD) curve and 
indicates that the field has a uniform diffuse depression. A cataract or an artefact can 
cause such a result but it can also be an indication of early glaucomatous damage. 
The grey shaded area is the Abnormal Response Area (ARA). The number “59” 
represents the total number of locations tested (modified after Monhart et al., 2006).
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Diffuse Defect (DD) index compares the magnitude of the 50th percentile of 

the distribution of the average normal age-corrected sensitivity, associated 

with particular ranked deviations in the Bebié curve (depending on the program 

used for the test), with the mean of the measured sensitivity at the related 

ranks. The DD Index as it is associated to TD can be either positive or negative 

(Monhart, 2009). This area (grey shaded) between the 50th percentile of the 

normal defect curve, shifted by DD, and the level of the subject’s individual 

defect curve has in common an abnormal behaviour and has been labelled as 

abnormal response area (ARA) (Monhart et al., 2006). 

 
1.6.7 Localised Defect (LD) Index 
 
 
The Localised Defect (LD) is the area between the patient's defect curve and 

the 50th percentile of the defect curve when corrected for DD. The LD Index is 

similar to the PSD but the influence of false-positive responses is minimised 

due to the exclusion of the first 20% of the ranks in the calculation of the DD 

(Buerki and Monhart, 2007; Monhart, 2009). 

 
 
Furthermore, Localised Defect (LD) is not used only in standard automated 

perimetry (SAP), but also is suggested as an early identifier for abnormal 

results in perimetry methods with higher between subject variability, such as 

blue/yellow (SWAP) or flicker perimetry. LD is expressed in dB and 

normalized to be comparable between different program patterns (Monhart et 

al., 2006; Monhart, 2009). 
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1.6.8 Reliability Indices 
 
Reliability indices of the visual field are popular measures used in clinical 

practice to assess how well a subject has performed the test. A number of 

methods have been developed for estimating the reliability of the response 

from the patient during the visual field examination and these were built into 

most computerized perimeters (Bengtsson and Heijl, 2008 ; Rao, Khanna and 

Payal, 2014). 

 
The reliability of a patient's examination results can be sampled in terms of 

the short-term fluctuation and the response to several quality control 

parameters, like fixation loss, false positive and false negative catch trials. 

These three considerations, commonly described as reliability indices, provide 

together an indication of how accurately the test has been performed and thus 

how significant the results might be (Benjumeda, 2006; Kocabeyoglu et al., 

2013). 

 
Unfortunately, during the formative years of automated perimetric testing, it 

was reported that a high percentage of glaucoma patients (45%) and healthy 

normal control participants (30%) had unreliable test results, and some 

continued to exhibit unreliable results on repeated testing. However, the use 

of standardized testing procedures, proper training to test administrators and 

the use of precise quality control procedures made it possible to dramatically 

reduce the number of unreliable visual fields (Johnson, 2013). 
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1.6.9 Fixation Loss 
 
In visual field testing the most important step is to maintain fixation stability. 

Fixation can be supervised by a variety of high-tech methods, such as using 

the monitor of the perimeter, through the Heijl-Krakau method and by means 

of eye tracking (Heijl and Krakau, 1975a). 

 
The Heijl-Krakau technique establishes the position of the blind spot within the 

visual field at the outset of the examination and monitors fixation by projecting a 

Goldmann size III stimulus into the blind spot location at various intervals 

throughout the examination (Heijl and Krakau 1975b; 1977). If the patient 

perceives the stimulus, a fixation loss is recorded or fixation is assumed to be 

correct if the patient does not respond. If the fixation losses number recorded 

by the Heijl-Krakau technique surpasses 20%, the examination is normally 

ranked as unreliable. In this case, a symbol (XX) will become visible next to 

the fixation losses to alert the technician that there is a reason for concern 

(Morrison and Pollack, 2003; Graves, 2013). 

 
In order to prevent the incidence of pseudo fixation losses, initially it is important 

to map the correct position and size of the blind spot (Fankhauser, 1993). 

Optical effects, caused either by high positive or high negative corrective 

lenses can move the apparent position of the blind spot away from the planned 

location of fixation and it is very important to detect such problems early in the 

test (Sanabria, Feuer and Anderson, 1991; Chaglasian, 2013). If the patient 

places the head incorrectly on the instrument’s chin rest, 
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the perimeter will use a different visual field point as the blind spot, and as a result 

the examination will be unreliable. 

 
In the Humphrey Field Analyzer (HFA) 740 Series, a “gaze tracker” system 

was incorporated that uses the measured distance between the centre of the 

pupil and the first corneal reflex (Purkinje image), during a preset gaze of the 

fixation target. During the eye movement, the distance between the centre of 

the pupil and the corneal reflex increases, which is the deviation from the 

baseline. This deviation can be illustrated graphically as an upward deflection, 

truncated at an amplitude width of 10°. Deviations produced by head 

movements with an amplitude less than 1°, are not recorded by the system. 

On the other hand, tear film cracks or eye closure are represented by a 

downward deflection. In the Octopus version the test is automatically 

interrupted if fixation is lost during the test (Shaarawy et al., 2009). 

 

A significant advantage of the Gaze tracker method, compared to the Hejl- 

Krakau technique, is that the quality control of fixation takes place throughout 

the whole examination and consequently makes the test less time consuming 

(Anderson, Shuey and Wall,  2009;  Bergin  et al., 2011; Nayak and 

Dharwadkar, 2014). 

 
1.6.10 False positive catch trials 
 
Automated perimetry uses two approaches to evaluate a false positive 

response. The original technique uses the catch-trial procedure, which 

implements a "non-presentation" of a stimulus during the testing process and 



42  

in conjunction with any mechanical noise associated with the stimulus 

presentation. A false positive response can occur when the patient either does 

not understand the evaluation process, or is impatient and anxious that they 

may miss any of the presented stimuli. An alternative process, is available in 

the Humphrey Field Analyzer 700 series, and is depended on the specific time 

at which a positive response will occur during the assessment period, when 

the patient is not expected to react (Olsson et al., 1992). 

 
The response time method also may underestimate the frequency of errors 

caused, particularly among normal individuals (Artes et al., 2002; Newkirk et 

al., 2006; Wang and Henson, 2012). 

 
A high false positive result indicates that patients are not concentrating on the 

test because they are under the impression that they must act rapidly. In the 

beginning, the criterion for an unreliable result of the examination of the field 

was 33% or more inaccurate answers of false positive catch trials. However, 

after the introduction of Swedish Interactive Threshold Algorithms (SITA) and 

the relative change in the way false positive responses were evaluated, the 

upper limit criterion has been reduced to less than or equal to 20% (Bengtsson 

and Heijl, 2008). 

 
1.6.11 1.5.12.3 False negative catch trials 
 
When a patient is does not react to a stimulus, which previously was seen at a 

lower  luminance  earlier  in  the  examination,  a  false  negative  response  is 



43  

recorded. In the Full Threshold and FASTPAC algorithms of the HFA, the 

stimulus luminance used for the false-negative catch trials at any given stimulus 

location, is 9 dB brighter than the initial value of sensitivity measured at an earlier 

period of the test (Wild et al., 1999a). On the other hand, the number of 

inaccurate answers to the false-negative catch trials is related to increasing 

severity of the field loss. 

 
In Swedish Interactive Thresholding Algorithms (SITA) an adapted technique 

has been used to assess the false negative response, based upon the 

probability functions and upon a small number of specific false negative catch 

trials. Frequently, patients with visual field loss demonstrate a high number of 

incorrect responses to the false negative catch trials (Katz 1998; Bengtsson 

and Heijl, 2000). Extreme demonstration of such a result in the normal eye is 

related to the ‘clover leaf ’ field; practically characteristic pattern of a fatigue 

field with high false negatives and consequently the test has to be repeated 

(Olson, Purdie and Coleman, 2002; Nayak and Dharwadkar, 2014). 

 
On the other hand, in particular areas of the visual field, the variability within- 

examination may be even greater than an increase of 9 dB. A rather high 

number of inaccurate responses to false  negative catch trials for related reasons 

is often correlated to increased variability in sensitivity. Both short wavelength 

automated perimetry (SWAP) and the Heijl-Krakau technique for monitoring 

fixation, use a size III stimulus for catch trials testing. For a patient with severe 

visual field loss, a size V field may yield more data than a size III 
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field (Henson et al., 2000). A size III stimulus at 30 cm distance covers a 

retinal area of 4mm2, and at the same time a size V stimulus covers a retinal 

area of 64 mm2. In that case, the use of a larger stimulus may overlap the 

border of the blind spot that covers a retinal area of about 5 mm2 (Swanson, 

2013), and so a false response may be obtained. Thus, the maximum value of 

false response approval for false positive catch trials possibly has to be higher 

for SWAP, than for SAP (Bengtsson and Heijl, 2000; Denniss, McKentrick and 

Turpin, 2013). 

 
As a result, clinicians should realize that False Negative response rates are 

important even when their frequencies are small. This finding may contribute 

to a visual field result incorrectly being classified as glaucomatous in a patient 

who otherwise has a normal physiological optic nerve head (Rao et al., 2014). 

 
1.7 Methods of Threshold Estimation (Algorithms) 
 
The technique used to determine the threshold sensitivity is called threshold 

algorithm (also named strategy). Normally, the visual threshold is described 

as a compilation of a frequency-of-seeing (FOS) curve, whereby the 

frequency of the percentage of seen responses (ordinate) is plotted as a 

function of the log of stimulus luminance (abscissa) and which has a 50% 

probability of detection of repeated presentations (Walsh, 1978; Chauhan et 

al., 1993b; Bengtsson and Heijl, 1998; Schiefer, Patzold and  Dannheim, 2005). 

This curve, illustrated in Figure 1.12, is known as the psychometric frequency-

of-seeing curve  or  FOS  (Bebie,  Fankhauser  and  Spahr,1976; 
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Chauhan et al., 1993b). For each location in the visual field, a frequency-of- 

seeing curve can be generated. 

 

            
 
Figure 1.12. Illustrates an example of a frequency-of-seeing curve. Percentage of 

seen response, (ordinate) is plotted as a function of stimulus luminance (abscissa) 

The data points represent the raw data; the solid line, the fitted curve; and the 

shaded area around the curve, the 95% confidence interval. The threshold is the 

stimulus intensity corresponding to 50% frequency-of-seeing. The light grey shaded 

area is the interquartile range, which is an estimate of the slope of the curve and 

frequency-of-seeing (by Chauhan et al., 1993b) 

 
 
The curve, in general, has a sigmoid (S-shaped) appearance with a linear part 

in the middle (Weber and Rau, 1992). The frequency of a ‘seen’ response is 

never 0% because of the presence of false-positive responses and never 

reaches 100% as a result of the presence of false-negative responses. 

Therefore, sufficiently dim stimuli will not be perceived, while sufficiently bright 

stimuli will. The boundary between perceptible and imperceptible stimuli is not 
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sharply defined and spans approximately 3 decibels for trained observers 

(Drance and Anderson, 1985). 

 
The slope of the curve, as a measure of uncertainty in determining the threshold, 

is highly correlated to actual threshold or threshold deviation from age-

appropriate normal values at a particular location and is an indication of the 

variability associated with the estimation of threshold. Consequently, a 

gradually flatter slope indicates increasing variability of the threshold estimate, 

whereas a progressively steeper slope indicates increasingly less variability 

(Walsh, 2011). 

 
The slope magnitude is also frequently described in terms of the inter-quartile 

range and more precisely the difference between the sensitivity values 

corresponding to the 25% and 75% seen responses. The magnitude of the 

variability is dependent upon a number of factors. It rises with age and rises 

with increase in eccentricity of the stimulus location, but it varies also among 

individuals of the same age (Olsson et al., 1992; Schiefer, Patzold and 

Dannheim, 2005). 

 
In perimetry a conventional method for estimating the differential light 

threshold adjusts the stimulus luminance in small intervals or steps either in 

an ascending or a descending manner until it is perceived with a probability of 

50%. This method, known as the method of limits, is time consuming when 

the initial stimulus luminance is far from the threshold. 
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Currently, an adaptive mode has been used. The stimulus luminance varies in 

ascending and descending steps, until the threshold is estimated. This process 

is also known as staircase or bracketing (Turpin et al., 2003; Malik et al., 2006; 

Denniss, McKendrick and Turpin, 2013). 

 
Generally in perimetry the commonly used algorithms utilize a double 

threshold crossing. If the initial stimulus is not seen, the luminance is increased 

in unit steps until a positive response is obtained. The stimulus luminance 

is then decreased in steps (which are half those used for the first estimation) 

until a negative response is obtained. The threshold is thereby crossed twice. 

The threshold can, of course, be approached from the opposite direction. 

 
Wherever possible, the number of stimuli necessary to estimate the threshold is 

minimized with the intention of shortening the examination duration and 

thereby reducing the inherent variability in the threshold estimate arising from 

fatigue (Hudson, Wild and O’Neill, 1994; Gonzalez de la Rosa and Pareja, 

1997; Anderson and McKendrick, 2007). Of course, this specific variability 

decreases with increase in the number of threshold crossings, with smaller 

step size and increase in the number of estimations. 

 
By and large, in the last 40 years automated perimetry has used an assortment 

of threshold algorithms. This variety of algorithms can be classified, 

depending upon their date of introduction into early, second generation and 

current algorithms. The second generation algorithms exhibit a 
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reduction in examination duration, compared to that of the first invention, at 

the cost of some loss of accuracy of the threshold estimate whereas the 

current cohort of algorithms have employed advanced techniques taking 

advantage of increased computer processing speed to achieve a reduction in 

test duration without loss of accuracy in the threshold estimate. 

 
 
1.8 The early algorithms 
 
At late ‘70s, Octopus and Humphrey both adopted similar strategies for 

threshold estimation using the mean value of neighbouring stimulus locations 

combined with the slope of the age-corrected sensitivity gradient’s data. 

 
The Octopus series of perimeters initiate the examination at each of four 

‘principal’ stimulus locations (termed anchor points) positioned near the centre 

of each quadrant of the visual field (Madea et al., 2000; Weijland et al., 2004). 

The primary luminance of each stimulus is the age-corrected normal value 

minus 4dB. If patient gives a negative response, the following stimulus 

luminance is increased by 6dB. The examination continues by increasing the 

stimulus luminance in steps of 8dB until a positive patient’s response is 

achieved. 

 
Subsequent to the threshold crossing, the stimulus luminance is reduced in 

steps of 4dB until the threshold is crossed for the second time. After the 

second crossing of threshold, the stimulus luminance is increased again in 

2dB steps until the threshold is crossed for the third time. The last value is 
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adjusted by 1dB in the reverse direction to the last response (Weijland et al., 

2004). 

 
If the patient responds to the primary stimulus luminance positively, the 

luminance is decreased in steps of 2dB until a negative answer is achieved, 

after which the luminance is increased in 1dB steps until a positive reply again is 

gained. The estimated sensitivity at the four anchor points is applied to the 

former data of the slope of the age-corrected sensitivity gradient, to estimate 

the threshold of each of the nearby locations in the related quadrant. 

 
The bracketing practice then continues in a similar fashion, in 4-2-1 dB steps. 

The primary luminance for the next set of following locations are calculated, in 

each case, from the median value of the three previously thresholded 

neighbouring localities and from the slope of the age-corrected sensitivity 

gradient (Zulauf, Felmann and Flammer, 1994; Weijland et al., 2004). 

 
On the other hand, the Humphrey Field Analyzer uses the Full Threshold 

algorithm to acquire a threshold estimate crossing twice each of four stimuli 

(termed seed points) situated 9° from both the horizontal and vertical 

meridians, correspondingly (Artes et al., 2002). 

 
Each one of these four seed points first luminance is 25dB and the threshold is 

crossed twice, in the order of 4dB and 2dB steps. The final 2dB crossing of 

threshold can take place in either an ascending or descending way. The 

threshold is calculated as the mean of the last positive and first negative 
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patient’s reply. The original value for the immediate neighbouring stimulus 

points, obtained from sensitivity data at the primary locations and of the slope of 

the hill of vision, is 2 dB brighter than the expected value (Wild et al., 

1999a). 

 
 
1.8.1 Second generation algorithms 
 
Through the decade of the ‘90s, Octopus and Humphrey implemented new 

algorithms in order to reduce the duration of an examination that produces 

fatigue to the patient and consequently creates less accurate test results. 

 
 
1.8.2 Dynamic Strategy 
 
Octopus perimeters put into operation the Dynamic Strategy algorithm that is 

still currently in use, despite the algorithm no longer being up to date. Dynamic 

Strategy reduces the examination duration by 30-40% in areas of normal 

sensitivity and by 40-50% in areas of severe loss, compared with the Threshold 

algorithm (Weber and Klimaschka, 1995; Anderson and Johnson, 2006). 

 
The Dynamic Strategy algorithm uses luminance steps to adapt to the 

sensitivity at the specified stimulus location from data of the width of the FOS 

curve. When the visual field defect increases, then the step size increases 

too,  from  2  dB  to  10  dB,  but  threshold  is  crossed  only  once  and  the 
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approximation is calculated as the mean of the two most recent stimulus 

luminances (Weber and Klimaschka, 1995; Johnson, 2013). 

 
For sensitivities in the normal range, the Dynamic Strategy algorithm 

demonstrates lower variability between-examination than the Threshold 

algorithm. Conversely, the short-term fluctuation of the Dynamic Strategy is 

higher than the Threshold algorithm, but the long-term fluctuation is similar 

(Zulauf, Felmann and Flammer, 1996). Obviously, the benefit of accuracy versus 

testing time is in favour of the Dynamic Strategy algorithm (Weber and 

Klimaschka, 1995; Anderson and Johnson, 2006; Johnson, 2013). 

 
 
1.8.3 FASTPAC 
 
The FASTPAC algorithm, introduced by Humphrey in 1991, applied a 3 dB 

step in either an ascending or a descending way correspondingly, and threshold 

is crossed only once (Flanagan, Wild and Trope, 1993). A major effort in the 

development of new perimetric strategies is to find a reasonable trade-off 

between testing time and accuracy to minimize patient stress and 

simultaneously to improve reliability of results (Glass, Shaumberger and 

Lachenmayr,1995). 

 
A study by Glass and associates (Glass, Shaumberger and Lachenmayr, 

1995) evaluated the properties of FASTPAC and compared FASTPAC to the 

standard 4-2 dB full-threshold procedure. Both procedures are staircase 

methods with predetermined step size for contrast variation.  

 

A variety of clinical studies that evaluated the practical capability of both 

strategies have given opposing results. 
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The FASTPAC algorithm examination time is approximately 35% shorter than 

the Full Threshold algorithms test period, but is at the cost of an 

approximately 25% increase in the short-term fluctuation (within-test variability) 

and an apparent underestimation of focal loss in glaucoma (Glass, 

Shaumberger and Lachenmayr, 1995; Wild et al., 1999a; Barkana et  al., 2006). 

This focal loss underestimation, combined with the larger short-term fluctuation 

is influenced by the magnitude of the difference between the starting value and 

the measured threshold. A positive difference leads to an overestimation of 

threshold whilst a negative difference leads to an underestimation of the 

threshold; this outcome is more prominent for the FASTPAC algorithm than 

for the Full Threshold algorithm (Glass, Shaumberger and Lachenmayr,1995; 

Barkana et al., 2006). 

 
 
1.9  Current algorithms 
 
1.9.1 SITA Algorithms 
 
The Swedish Interactive Threshold Algorithms (SITA) include two available 

algorithms: the SITA Standard, which is analogous to the Full Threshold 

algorithm, and the SITA Fast, which is analogous to the FASTPAC algorithm, 

both introduced in 1997 for SAP with the HFA (Olsson, Asman and Heijl, 

1997; Bengtsson et al., 1997; Bengtsson, Olsson and Heijl 1997; Bengtsson 
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and Heijl, 1998; Turpin et al., 2003; Bengtsson and Heijl, 2006; Punjabi, Lin 

and Stampe, 2006). 

 
The SITA algorithm was designed to reduce testing time, while still providing a 

sufficient test of visual sensitivity, in order to increase attention and result in a 

more reliable test. SITA Standard uses 4 dB and 2 dB steps and was designed 

to replace the Full Threshold program (e.g. Full Threshold 30-2), and SITA 

Fast uses a 4dB step only and was designed to replace FASTPAC, which is a 

simplified Threshold program (Bengtsson et al., 1997; Bengtsson, Olsson and 

Heijl, 1997; Turpin et al., 2003). 

 
Both algorithms reduce the examination duration in normal individuals: the 

SITA Standard algorithm is approximately 50% shorter compared to the Full 

Threshold algorithm, and the SITA Fast algorithm, 50% shorter compared to 

the FASTPAC algorithm. The SITA Fast algorithm is 41% shorter than the 

SITA Standard algorithm (Anderson and Patella, 1999; Wild et al., 1999a; Ng et 

al., 2009). 

 
One may consider that a Full Threshold 30-2 visual field test on an eye, with 

significant pathology, might take 16 minutes to complete. The same test with 

SITA Standard would take about 8 minutes, and the same test with SITA Fast 

would take about 4.5 minutes. Running SITA with the 24-2 pattern instead of 

the 30-2 pattern can further reduce examination time. In addition, the 24-2 

pattern gives adequate coverage for detecting and following glaucomatous 

field defects. 
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Both SITA algorithms make use of two Bayesian posterior probability functions 

(models) at each stimulus location. One function is a distribution of the 

probability of a seen response at any given value of sensitivity in the normal 

eye and the other function is a corresponding distribution in the glaucomatous 

eye (Olsson and Rootzen, 1994). The two probability models are based upon 

knowledge of the age-corrected threshold value, the between-individual 

variability in the estimation of threshold, the variation in the shape of the FOS 

curve between stimulus locations and the correlation of sensitivity between 

neighbouring stimulus locations. As the assessment continues each function 

is adjusted continuously (following the positive or negative response to each 

individual stimulus presentation), and the shape of each function repeatedly 

alters as the test progresses. The height of the function illustrates the most 

likely threshold at the given location and the width states the precision of the 

threshold estimation at any given moment in the examination (Wild et al., 

1999b). 

 
The procedure of threshold estimation at any given location is ended when a 

predetermined level of accuracy is obtained, as predefined by the Error Related 

Factor (ERF), (Bengtsson et al., 1997). The balance between accuracy and 

test time stands for the magnitude of the ERF at each stimulus location. The 

estimation of threshold with the SITA Standard algorithm cannot be finished, 

without at least one crossing of the threshold. On the other hand, with the SITA 

Fast algorithm the threshold estimation can be terminated at any given 

location without a crossing of threshold (Bengtsson et al., 1997; 
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Bengtsson and Heijl, 1998). The subsequent inter-stimulus interval is based 

upon the individual response time window and the SITA algorithms determine 

the response time to each stimulus presentation. 

 
Every response that take place within a ‘listen time’ window of 180 ms (which 

immediately follows the onset of the stimulus presentation), and also those 

which occur within a further ‘listen time’ window (which commences at a fixed 

time, after the response window and which runs into the ‘listen window’ related 

to subsequent stimulus) are designated as False Positive responses (Olsson, 

Asman and Heijl, 1997). 

 
The entire response information obtained during the examination has been 

used to recalculate the approximate sensitivity at each stimulus location at the 

termination of the examination (Bengtsson et al., 1997; McKendrick, 2005). In 

particular, this procedure allows the estimated thresholds at the beginning of 

the examination to be recalculated from all available response information. 

The procedure also identifies and excludes those responses, which take place 

within the ‘listen time’ window (the false-positive responses), providing better 

assessment of threshold. 

 
By applying this practice, the necessity for the traditional false-positive catch 

trials is also avoided and therefore a slight reduction in the examination time 

duration is allowed. Generally, the rate of the false-positive responses appears 

on the printout. But the response time of the patient can be affected by the 

magnitude of the stimulus luminance and the stimulus location and may 
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vary during the examination (Wall et al., 1996; Artes et al., 2002). The resulting 

threshold estimation achieved by either SITA algorithm signifies the stimulus 

luminance matching to a 50% probability on the FOS curve (Bengtsson and 

Heijl, 1998). 

 
Taken as a whole, the SITA Standard and SITA Fast algorithms demonstrate 

good sensitivity and specificity for the detection of glaucomatous visual field 

loss, and involve a significant reduction in the examination duration, in 

comparison to the older algorithms (Wild et al., 1999b; Sharma, et al., 2000; 

Budenz et al., 2002). However, the confidence limits for normality are greater 

for the SITA Fast algorithm than for the SITA Standard algorithm. The between-

examination variability of the SITA Fast algorithm is also greater than that of the 

SITA Standard algorithm (Nordmann et al., 1998; Sekhar et al., 2000; Artes 

et al., 2002; Barkana et al., 2012). The mean sensitivity in the normal eye is 

larger for both SITA algorithms, compared to the Full Threshold algorithm. In the 

glaucomatous population, both algorithms create a marginally higher mean 

sensitivity, compared to Full threshold and STATPAC algorithms but with a 

statistically deeper defect depth (Wild et al., 1999a). For sensitivities above 25 

dB the SITA Standard algorithm illustrates better test- retest variability than 

Full Threshold, but below 25 dB the SITA Fast shows slightly poorer test-retest 

variability. In general, this improvement of test-retest variability is credited to the 

reduction in perimetric fatigue effect due to decreasing the test duration (Artes 

et al., 2002). 
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Some practitioners are not comfortable using SITA Fast as a standard field 

test for glaucoma. They prefer to use SITA Standard as the default test and 

use SITA Fast in special situations. The SITA Fast test can be utilized for 

patients to "learn" on. Once the patient is comfortable with the testing 

procedure, it is better to switch to the SITA Standard test. The SITA Fast test 

can also be reserved for patients who cannot even tolerate the speed of the 

SITA Standard test. On the other hand, SITA algorithms cannot be used with 

the HFA 600 series due to the limited speed of the older processors and are 

only available for the HFA 700 series and later (Johnson and Samuels, 1997). 

 
1.9.2 Zippy Adaptive Threshold Algorithm (ZATA) 
 
In the 1980s a more efficient Bayesian approach was introduced to the methods 

of obtaining thresholds. One of the algorithms promoted (King-Smith, 1994; 

McKendrick, 2005) was called ZEST (Zippy Estimate by Sequential Testing). 

In the early 1990s the ZEST algorithm (Turpin et al., 2003) was used to develop 

ZATA (Zippy Adaptive Threshold Algorithm). 

 
The Zippy Adaptive Threshold Algorithm (ZATA) was introduced for the Henson 

8000 perimeter. Two versions of ZATA are available: Standard and Fast. Both 

algorithms use data from prior examinations to reduce the time for threshold 

estimation (McKendrick and Turpin, 2005). 
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They follow the same philosophy as the SITA test in the HFA but integrate a 

number of important improvements that increase the speed of the test and the 

accuracy of its threshold estimates (Denniss et al., 2013). 

 
The first of these changes is that, when available, use is made of the findings 

from a previous test to set the starting intensity for each test location. This will 

reduce the number of presentations needed to find the threshold and hence 

speed up the test. 

 
Alternatively, with the threshold algorithm the time taken to complete the test 

increases when there is a defect. This is because current threshold tests 

always start from normal age values rather than prior data. As soon as the 

test starts from the prior threshold estimates, testing time remains rather 

stable regardless of whether if the patient has a visual field defect or not. In 

cases where there is no prior data the test will start at the normal age values. 

Using prior data not only speeds up the test it also results in a more accurate 

threshold estimate. It extends the concept behind the development of the 

SITA tests, which is to use as much prior data as possible to optimise the test 

(Henson and Emuh, 2010; Denniss et al., 2013). 

 
The algorithm reduces the examination duration in normal eyes and in eyes 

with severe field loss. However, at the time of submission of this thesis there 

are no any publications about the performance of these algorithms. 
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1.9.3 Tendency Oriented Perimetry (TOP) 
 
The Tendency Oriented Perimetry (TOP) is a novel perimetric strategy, mainly 

designed to estimate the sensitivity of the visual field promptly, by using linear 

interpolation between test locations. TOP was initially introduced in 1996 for 

the Octopus perimeters (Gonzalez de la Rosa et al., 1996; Martinez et al., 

1996; Scherrer et al., 2007). 

 
This technique is based upon the correlation of sensitivity between neighbouring 

stimulus locations. A number of studies report that TOP is able to carry out 

accurate threshold determinations with a significantly reduced testing time 

(Gonzalez de la Rosa et al., 1996). 

 
Additionally, some studies have shown that TOP was four times faster than 

the traditional full-threshold technique and was successful in detecting visual 

field abnormalities. On the other hand, TOP produces an underestimation of 

sensitivity for small visual field deficits (one or two stimulus locations) and 

decreases the slope of the boundary around visual field deficits. Defects with 

TOP tended to be smaller, shallower, and with softer edges than with the 

standard approach (Morales et al., 2000). 

 
The TOP algorithm uses a subject’s response at a specified point, not only to 

estimate the sensitivity at that point, but also to modify the sensitivity 

approximation of surrounding points within the visual field (Anderson, 2003). 

Gonzalez de la Rosa et al. reported that association between mean deviation 
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(MD) and loss variance (LV) for a conventional staircase procedure and the 

TOP algorithm were high, as assessed on a moderately sized group with 

mixed disease states (Gonzalez de la Rosa et al., 1996; Scherrer et al., 

2007). 

 
In the TOP technique, the visual field is divided into four overlapping sub- 

matrices, such that, in the case of Program 32, each sub-matrix comprises 19 

stimulus locations with a between-stimulus separation of 15°. Each matrix is 

then examined in sequential order. The cycle is repeated for all locations in 

each of the four sub-matrices and the estimated sensitivity is recorded. The 

final adjustment recalculates the estimates based upon the established 

approximations between adjacent locations (Anderson, 2003). 

 
 
1.9.4 German Adaptive Thresholding Estimation (GATE-i / GATE) strategy 
 
German Adaptive Thresholding Estimation (GATE) is a new, fast threshold 

strategy, which is comparable to the Full Threshold staircase and the SITA 

Standard strategy. The GATE-i algorithm is similar to the GATE algorithm. 

The only difference is in the reference field that is based upon the age- 

corrected normal values rather than upon the previously determined thresholds 

for the given individual (Schiefer et al., 2009). 

 
The GATE-i algorithm starts by determining the sensitivity at each of five 

predefined seed locations. At every seed location the measured sensitivity is 

compared to the matching age-corrected normal value. Subsequently, the 
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smallest deviation between the measured and age-corrected values of 

sensitivity is used to adjust the overall height of the expected visual field. The 

initial stimulus luminance at each subsequent stimulus location is  slightly 

decreased compared to the expected value. If the stimulus is ‘seen’, the 

luminance is reduced in 4 dB steps until a ‘non-seen’ response is obtained, 

after which the luminance is increased until a ‘seen’ response is obtained. If 

the initial luminance is ‘not seen’, the subsequent stimulus is presented at the 

maximum luminance. If the latter is ‘not seen’, the thresholding procedure is 

terminated at the given location. If the maximum luminance is ‘seen’, the 

subsequent stimulus is presented at 4 dB brighter than the initial presentation 

and the luminance is increased in 4 dB steps until a ‘seen’ response occurs. 

The stimulus is then presented 2 dB dimmer than the level at which the ‘seen’ 

response occurred. Therefore, the threshold is defined as the mean of the 

dimmest ‘seen’ stimulus and the brightest ‘not seen’ stimulus. 

 
The characteristics of the threshold recorded with the GATE-i and GATE 

algorithms can be compared satisfactorily with those obtained with the Full 

Threshold algorithm, despite the fact that the examination duration is 

approximately half that of the Full Threshold strategy (Schiefer et al., 2009). 
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1.9.5 Continuous Light Increment Perimetry (CLIP) 
 
The Continuous Light Increment Perimetry (CLIP) is a fast threshold strategy 

using stimuli with constantly rising luminance, offered for use with the Oculus 

Easyfield perimeter. In the CLIP algorithm, threshold value is assigned the 

moment the stimulus is perceived. 

 
CLIP follows a completely different path compared to other mentioned 

algorithms. Quite the opposite of the regular bracketing methods, CLIP makes 

use of test points with stimulus luminance continuously increased in smaller 

steps (usually 1 dB), from an infrathreshold level according to the patient’s 

reaction time until it is seen. Measuring the average reaction time of the 

patient and selecting the appropriate incremental rate of the luminance can 

achieve a considerable decrease of the examination time achieved, without 

losing accuracy or reproducibility. 

 
CLIP demonstrates a higher Mean Sensitivity than the 4-2 dB algorithm of the 

Easyfield perimeter in individuals with glaucomatous field loss and tends to 

underestimate the depth of deep focal loss. Wabbels and colleagues study 

demonstrated that the examination duration for CLIP was 5.6 minutes for 55 

stimulus locations, compared to 8.9 minutes for the 4-2 dB algorithm 

(Wabbels, Diehm and Kolling, 2005). 

 
Capris et al., found that mean point-wise sensitivity difference in individuals 

with glaucomatous field loss between the SITA Fast and the Full Threshold 
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(FT) algorithms of the Humphrey Field Analyzer (0.84 dB) was considerably 

lower than that found between CLIP and the 4-2 dB algorithm of the Easyfield 

perimeter and the Oculus FT strategy (1.71 dB). The mean test time duration 

for CLIP (450 +100 sec.) and for SITA Fast (366+72 sec.) was significantly 

shorter than the corresponding FT strategies (Capris et al., 2008). 

 
Consequently, test duration for the CLIP algorithm is considerably shortened. 

Moreover, reproducibility of the results is increased. Additionally, a convenient 

side effect, patient’s satisfaction level is kept high due to the fact that a 

stimulus with increasing luminance in the end is always observed. The CLIP 

algorithm has also been found suitable for the examination of children above 

the age of 8 years (Wabbels and Wilscher, 2005).  At the time of submission of 

this thesis, no detailed descriptions of these algorithms have been published. 

 
 
1.9.6 SPARK Precision and SPARK Quick 
 
SPARK is the name of the strategy (and not a acronym) that was produced by 

the form of the stimuli during perimetry with the Oculus Easyfield perimeter. 

The SPARK Precision strategy is considered to be fast and reliable threshold 

perimetry and a suitable visual field test for glaucoma patients that can be 

performed in less or about 3 minutes per eye (Gonzalez de la Rosa et al., 

2013). 



64  

The large amounts of available statistical data makes possible fast and very 

precise measurements of the threshold values in the central visual field. The 

inventive modular structure of the method in four different phases, allows an 

expanded use of the SPARK strategy in clinical practice. 

 
The SPARK Quick strategy is for follow-up or for screening examinations. In 

patients with a prior visual field examination, the quality of the results is similar 

to those of the SPARK Precision algorithm (Gonzalez de la Rosa et al., 2013) 

but with an additional decrease of examination duration of about 50%. In this 

way the examination can be reduced to almost 1.5 minutes per eye. 

 
SPARK also includes a training strategy to reduce the effect of the learning 

effects in standard perimetry, which lasts approximately 40 seconds. At the 

time of this thesis submission no studies or publications are available about 

the performance of these algorithms against the more current established 

algorithms. 

 
 
1.10 Novel techniques of perimetry 
 
Over the past 15 years, an accumulation of studies have recognized that 

extensive damage of the retinal ganglion cell axons (RGCs) happens prior to 

the appearance of visual field loss obtained by standard automated perimetry 

(SAP), at least  when the last  is expressed in dBs  (Harwerth, Smith and 

Chandler, 1999; Kerrigan-Baumrind et al., 2000; Harwerth et al., 2004; Malik, 

Swanson and Garway-Heath, 2012; Medeiros et al., 2012a; 2012b). 
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The first description for retinal ganglion cell loss, based upon histological proof, 

proposed that retinal ganglion cells with large diameter axons are preferentially 

damaged in early glaucoma (Quigley, Dunkelberger and Green, 1989; Glovinsky, 

Quigley and Dunkelberger, 1991). Later, histological data from monkey eyes, 

illustrated that perimetry defects may be present in early glaucoma manifestation 

for minimal amounts of ganglion cell loss (Harwerth et al., 1999; Morgan, Uchida 

and Caprioli, 2000). 

 
Retinal ganglion cells of dissimilar sizes have different physiologic purpose. Small 

cells that project to the parvocellular layers of the lateral geniculate body belong 

to the "P pathway" or the "colour system," while large cells that project to the 

magnocellular layers, belong to the "M pathway" or the "luminance system" 

(Glovinsky, Quigley and Dunkelberger, 1991). Large optic nerve fibres selectively 

are lost in chronic human glaucoma (Quigley et al., 1987). Additionally, Glovinski 

and colleagues matched up the results of experimental glaucomatous eyes to the 

human glaucomatous eyes measurements, and validated that in studies of the 

midperipheral retina the large ganglion cells die faster (Glovinsky, Quigley and 

Dunkelberger, 1991). 

 
A few years later, Johnson proposed that the idea of parallel M-cell and P-cell 

pathways is of clinical concern because of the likelihood that fussy eye diseases, 

like glaucoma, may preferentially affect one of these visual paths more than 

another, mainly in early phases of the disease development (Johnson, 1993). In 

that case it could be possible to use psychophysical tests 
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to examine selectively particular vision functions, like motion or colour. Later, 

Johnson introduced the «reduced redundancy hypothesis», as a substitute 

move towards the idea of early detection of functional defects (Johnson, 1993; 

Wall, 2004; Havvas et al., 2013). 

 
Consequently, new methods has been developed to manipulate the “P 

pathway”, like Short Wavelength Automated Perimetry (SWAP) or High-pass 

Resolution Perimetry (HRP), to control the “M pathway”, such us Frequency 

Doubling Technology Perimetry (FDT) and Flicker Perimetry, to manage both 

“M and P pathways” like the Pulsar perimetry or by using minimum size of 

stimulus to avoid overlapping of ganglion cells receptive fields, such as Rarebit 

Perimetry (RBP). 

 
 
1.10.1 Short Wavelength Automated Perimetry (SWAP) 
 
Short Wavelength Automated Perimetry (SWAP) was used as a substitute 

technique, also known as “Blue on Yellow” perimetry that was developed to 

investigate K cell function in the 1980s and 1990s for the early identification of 

glaucomatous visual field loss (Hamill et al., 1984; Johnson et al., 1993a; 

Johnson et al., 1995; Keltner and Johnson, 1995; Wild, 2001). 

 
SWAP is a type of visual field evaluation based on the approach that larger 

ganglion cells within the retina are selectively damaged throughout early 

glaucoma. Ten per cent of these larger ganglion cells belong to the blue- 
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yellow pathway: part of the koniocellular pathway (Dacey and Lee, 1994; 

McBride and Rowe, 2014). 

The S- cone system (short wavelength cones) are isolated by blue-yellow 

conditions of SWAP and the participation of other cone systems (red – long 

wavelength and green – medium wavelength) are reduced and the rods activity 

saturated through the adaptation to yellow light so that the blue stimuli are seen 

principally by the blue cone system (Heijl, Bengtsson and Patella., 2012). 

 
Originally, clinicians considered that SWAP could reveal glaucomatous visual 

field loss earlier than that obtained by standard automated perimetry (de Jong 

et al., 1990; Johnson et al., 1993a; 1993b). This verification period of SWAP 

for the detection of defects prior to that identified by standard automated 

perimetry lasted for more than a decade and recently was reviewed by Francis 

et al., (2011). 

 
The obvious disadvantage of SWAP over standard automated perimetry was 

the increased between-individual normal variability (Wild, 2001) and to the 

greater than before within- and between-examination variability for SWAP 

relative to standard automated perimetry, in normal individuals (Blumenthal et 

al., 2003), in individuals with ocular hypertension and in individuals with open- 

angle glaucoma (Blumenthal et al., 2003). More recent research has not been 

able  to  confirm  the  early  loss  of  visual  field  with  SWAP  or  to  monitor 
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progression in more advanced cases of glaucoma (Alencar and Medeiros, 

2011). 

 
On the contrary, SITA testing with standard white stimuli may detect just as 

much field loss in glaucoma as SWAP, (Bengtsson and Heijl, 2006) or at least as 

early. A recent comparison study between SAP and SWAP, after 5 years follow 

up to OHT patients, demonstrated that both SAP and SWAP detected early 

glaucoma, with confirmation when visual field loss was evident.  It 

appeared that each method identified early glaucoma in a subset of patients 

and these subsets overlapped only partially (Havvas et al., 2013). On the 

other hand, FDT matrix perimetry had a higher sensitivity for detecting glaucoma 

than did SWAP at a comparable level of specificity (McBride and Rowe, 2014). 

 

As a result of this high test-retest variability and the larger sensitivity to cataract, 

SWAP is no longer recommended for glaucoma management. In the future SWAP 

may instead find a place in maculopathy because during macula oedema the fluid 

primarily absorbs the blue light (Acton et al., 2010). An evaluation study between 

standard automated perimetry (SAP) and short wavelength automated perimetry 

(SWAP) for the central 10-2 visual test procedure in patients with age-related 

macular degeneration (AMD) illustrated that although not all patients were 

suitable for SWAP examinations, it remains of ample value as a tool in research 

studies of visual loss in AMD (Acton, Gibson and Cubbidge, 2012) 

  

1.10.2  High-pass Resolution Perimetry (HRP) 
 
High-pass Resolution Perimetry (HRP) is used as an alternative perimetric 

technique developed to examine the “P” ganglion cell sampling density (Frisén, 

1987; 1993; Frisén and Nikolajeff, 1993).  As expected, the HRP primarily 
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mirrored the function of the P cells, as was the case for SAP (Lennie, 1980; 

Livingstone and Hubel, 1987; 1988; Shapley, 1990). It is well known that P 

cells representation in the central retina is much greater than in the periphery. 

Unlike SAP, HRP verifies sensitivity by varying the size and not by varying the 

luminance intensity of the stimulus. The HRP threshold is associated with 

retinal ganglion cell density as a function of eccentricity and of age (Frisén 1988; 

1993). 

 

 
 
Figure 1.13 HRP test target consists of a bright circular core surrounded by dark 

borders. The dimensions and luminances are carefully calculated to make the target 

invisibly melt into the background if unresolved. Normal examination time is about 5 

minutes. Fixation is monitored by occasionally projecting a target in the blind spot. 

 
 
The stimulus is a series of ‘ring’ target stimuli that mostly contain high spatial 

frequencies    with   dark borders  (15cdm-2)  surrounding   a   lighter  centre 
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(25cdm-2) presented with duration of 165ms (Wall, 2004). The background 

luminance is 20cdm-2. The stimulus size is varied using an up-down staircase 

of variable steps over a range of 14 sizes of the stimulus, which changed with 

each stimulus being larger/ smaller than the previous stimulus by a factor of 

1.26. The Ring program comprised 50 stimulus locations within the central 

visual field (Frisén 1986; 1987; 1993; Frisén and Nikolajeff, 1993) 

 
The stimulus distribution of the HRP was thought to correspond with the 

arrangement of the ganglion cells. Therefore HRP could be superior to SAP in 

detection of visual field defects (Frisén 1986; 1987). Nevertheless, such a 

theory suggests that HRP thresholds are sampling-limited. This latter 

suggestion has been disproved (Ennis and Johnson, 2002) on the basis that 

the true level of resolution acuity in the periphery is probably underestimated 

as a result of the proportionately higher contrast in the periphery. Therefore, 

an HRP threshold is unlikely to be a direct measure of the underlying ganglion 

cell density. 

 
Furthermore, although a few studies concluded that the HRP performed better 

than SAP (Frisén. 1993; Chauhan et al. 1993a; 1993b; 1999; Graham and 

Drance, 1995; Martinez, Sample and Weinreb, 1995; Meyer and Funk, 1995), 

other investigators have found that HRP performed less well (Lachenmayr et 

al., 1991a) or equally well (Lachenmayr et al., 1991b; Artes and Chauhan, 

2005). 
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The HRP demonstrates less variability at visual field locations with reduced 

sensitivity than does SAP (Chauhan and House, 1991). The HRP may be 

associated with RNFL thickness (Airaksinen et al., 1990; Shirakashi et al., 

1997; 1999) and the neuro-retinal rim area. Although It continues to be used in 

its country of origin, Sweden (Kalaboukhova, Fridhammar and Lindblom, 2006; 

Martin and Nilsson, 2007; Frisén and Jensen, 2008), and used for vision 

rehabilitation and lesion management, it has never achieved extensive 

recognition elsewhere (Sabel et al., 2011). 

 
 
1.10.3 Rarebit Perimetry (RBP) 
 
It is well known that Goldmann size III stimulus overlaps the visual field 

sampling, in a way that covers many ganglion cells receptive fields. As a 

consequence, the identification of abnormal function of any one fixed retinal 

ganglion cell is controlled, by those ganglion cells which remain functional and 

which produce normal receptive fields at the specified location of the stimulus. 

 
 
Figure 1.14 Size and distribution of test areas in rarebit perimetry. Outer, open circles 

represent size of test areas. Inner, closed circles represent any missed probes, as 

the percentage of probes shown. 
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An optional perimetric technique Rarebit Perimetry (RBP) was developed by 

utilizing a stimulus that presented a minimum of information (rare bits) with the 

purpose of locating very small spaces in the retinal neuronal matrix (Fig. 1.14) 

starting from dead (dysfunctional) or disconnected neurons (Frisén, 2002). 

Without a doubt, the stimuli used for RBP were to a large extent nearer in size 

to an individual ganglion cell receptive field in human (Hackett and Anderson, 

2011). 

 
The outcome of RBP was adversely affected by optical defocus (Salvetat et 

al., 2007) and by cataract (Salvetat et al., 2007; Nilsson et al., 2010). RBP 

exhibited also a similar learning effect to SAP between the first  and the 

second or third examination and with lower between-examination variability for 

five examinations over a five-week period than that for standard automated 

perimetry (SAP) for both stimulus size I and size III (Vislisel et al., 2011). 

 

Previous reports have found central vision tests useful for macular lesions but 

their performance with lesions of the anterior visual pathways has not been 

explored. On the other hand, in various studies the rarebit test appeared 

highly capable of detecting optic neuropathies and chiasmal lesions and its 

simplicity and short test duration indicated a useful tool in screening settings. 

Recently, a new computer-based quick test of neurovisual integrity was 

developed using segmented digits defined by rarebits, that is, receptive field –

size bright dots briefly presented on a dark background (Frisén, 2013). 
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1.10.4 Frequency-Doubling technology perimetry (FDT) 
 
The frequency doubling phenomenon was first described by Kelly over 40 years 

ago as the "frequency-doubling illusion” (Kelly, 1981). Frequency Doubling 

Perimetry (FDP) originally was a psychophysical test that consisted of the 

presentation of low spatial frequency sinusoidal gratings (<1cyc/deg) undergoing 

high temporal frequency counter-phase flicker at or above 15 Hz. Later versions 

of the Frequency Doubling Technology perimeter (Carl Zeiss Meditec, Inc., 

Dublin, CA), utilized a 0.25 cycles per degree sinusoidal grating, presented within 

a 10o  x 10o  stimulus square grid, which underwent counter phase flicker at 

25Hz. Contrast was modulated until the grating was detected. With such stimulus 

parameters, the grating appeared to exhibit twice the spatial frequency (Kelly, 

1981; Maddess and Ibbotson, 1992). A second- generation version of the 

Frequency Doubling Technology perimeter, the Humphrey  Matrix  perimeter,  

utilizes  a  0.5  cycles  per  degree  sinusoidal grating, presented within a 5° x 5°  

stimulus patch, which undergoes counter phase flicker at 18 Hz (Anderson et al., 

2005). The dynamic range of the device seems to be compatible with that of the 

FDT perimeter (Anderson et al., 2005; Artes et al., 2005). The age-corrected 

stimulus is presented at one of two contrasts, which should be seen by 95% and 

99%, respectively, of the corresponding age-corrected normal population 

(Johnson and Samuels, 1997; Johnson, 2008). 
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Figure 1.15. Schematic illustration of the FDT stimulus. Top: the 17-location stimulus 

configuration in the commercial FDT perimeter. Bottom: each stimulus has a 10° 

patch of sinusoidal grating oriented at 45° (right) or 135° (left). 

 
 
The frequency-doubling phenomenon is considered to be hindered by a subset 

(five per cent) of ganglion cells within the magnocellular pathway called My 

cells (Sample et al., 2000). Τhe My cells have larger diameter axons making 

them more prone to damage in early glaucoma (Quigley, Dunkelberger and 

Green, 1989). Since the magnocellular ganglion cells are distributed differently 

from parvocellular, the visual field topography produced by FDP may again 

differ from that seen with SAP (Anderson and Johnson, 2002). However, 

higher order cortical visual areas are also involved in the FDP processing 

(Zeppieri et al., 2008). 

 

Initially, it was recommended that the original FDT perimeter demonstrated a 

higher sensitivity and specificity for the detection of open angle glaucoma 

(Johnson and Samuels, 1997; Casson et al., 2000; Cello et al., 2000; Serguhn 
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and Spiegel, 2001) compared to that of either SAP (Wu et al., 2001) or SWAP 

(Bowd et al., 2001). 

 
However, optical defocus and forward light scatter influence negatively the 

outcome of FDT perimetry (Artes et al., 2003). The structure-function 

relationship has also been investigated for FDT and HRT by Iester and 

colleagues, who found better correlation to SAP than to FDT (Iester et al., 

2002). 

 
Μore recent studies suggested that the outcome of the Humphrey Matrix 

perimeter is similar to that for SAP in the detection of glaucomatous 

abnormality (Anderson et al., 2005; Spry et al., 2005; Brusini et al., 2005; 

Hong et al., 2007; Racette et al., 2008; Redmond et al., 2013), particularly for 

the detection of moderate to advanced visual field loss (Burgansky-Eliash et 

al., 2007; Hong et al., 2007). On the basis of these findings, despite the 

extensive literature, it is important to underline that the expected superiority of 

FDT to SAP remains unclear and FDT perimetry has not been yet 

substantiated as superior to the SAP gold standard (Liu et al., 2011; Lamparter 

et al., 2012; Redmond et al., 2013; McBride and Rowe, 2014). 

 
 
1.10.5 Flicker Defined Form (FDF) technology 
 
Another current technology used in visual field examination is the Flicker 

Defined Form (FDF) stimulus (Rogers-Ramachandran and Ramachandran, 

1998), which stimulates the magnocellular pathway. The FDF stimulus creates 

an imaginary edge outline, which starts from a high temporal frequency driven 

imaginary stimulus based upon phase differences between the stimulus and 

the background (Flanagan et al., 1993; Rogers-Ramachandran and 
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Ramachandran, 1998). The commercially available Heidelberg Edge Perimeter 

(FDF, Heidelberg Engineering, Germany) utilises that stimulus. The test consists 

of flickering random dots on a background of 50cdm-2 of mean luminance. 

The diameter of the imaginary stimulus is 5o and is created by a phase reversal 

of the black and white dots that flicker in counter phase to the background dots 

at a temporal frequency of 15Hz. 

 
The visual field indices, Mean Deviation and Pattern Standard Deviation, for 

the Edge perimeter exhibit only a modest correlation with those derived by 

SAP using the Humphrey Visual Field Analyzer (Perez et al., 2010a) for 

individuals with OAG (Perez et al., 2010b). The lack of agreement between 

the two types of perimetry may be explained by the presence of a 

considerable learning effect over three visits for the Edge stimulus (Lamparter 

et al., 2010). On this basis, SAP is still the gold standard for detecting early 

glaucoma defects. 

 
 
1.10.6 Pulsar Perimetry 
 
Pulsar perimetry is a technique implied to evaluate both the parvocellular and 

the magnocellular visual pathways (Gonzalez-Hernandez et al., 2000; 

González-Hernández et al., 2004). In this framework, the Pulsar perimeter 

evaluates the threshold of various visual functions, using high spatial and high 

temporal frequencies. 

 
The Pulsar stimulus consists of two images, the phase and counterphase 

image that alternate with a frequency of 10 Hz over 500ms and merge with 

the background luminance of 32 cd/m2 at the edges to avoid stimulating 

direction-selective ganglion cells. 
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The Pulsar examination method of the Octopus 600 (Haag-Streit, 2014) 

exclusively uses the Tendency Oriented Perimetry (TOP) fast-threshold 

strategy, delivers fast and reliable results in the Octopus Program GP 

(Glaucoma, 59 test locations, central 30°) that can be completed within 2–4 

minutes. 

 
TOP is an algorithm, which in Pulsar perimetry takes into account the 

correlation of the threshold values in neighbouring locations and reduces the 

examination time by nearly 80% to just over two minutes, compared to 6–8 

minutes in Dynamic strategy or 10–12 minutes in Normal strategy (Gonzalez 

de la Rosa et al., 2007). 

 
A number of studies demonstrated that Pulsar perimetry had greater 

sensitivity in the detection of early visual field loss in patients with OHT 

compared to SAP (Gonzalez-Hernandez et al., 2004). The between- 

examination variability was lower for Pulsar, compared to both standard 

automated perimetry (SAP) and FDT perimetry (Gonzalez de la Rosa et al., 

2007; Gonzalez de la Rosa et al., 2011) and Pulsar perimetry seems able to 

detect more cases of clear progressive glaucomatous damage than either 

confocal scanning laser ophthalmoscopy or nerve fibre layer polarimetry 

(Gonzalez de la Rosa et al., 2009), 

 
Although Pulsar perimetry demonstrates greater sensitivity than FDT and 

shows advantages in early diagnosis of glaucoma, it has not yet achieved 

extensive recognition among the clinicians. 

 
 
1.10.7 Flicker perimetry 
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Flicker perimetry consists of three different techniques, but all of them stimulate 

M ganglion cell function. These are: the Temporal Modulation perimetry (TMP), 

Luminance Pedestal Flicker perimetry (LPF) and Critical Flicker Fusion 

perimetry (CFF). 

 
TMP computes the contrast thresholds for a permanent temporal frequency, 

for instance the minimum luminance at which a flickering stimulus of a given 

temporal frequency is perceived to demonstrate flicker (Tyler et al., 1984). 

However, TMP is supposed to distinguish glaucomatous defects earlier than 

standard automated perimetry, but the hypothesis is ambiguous. At 25Hz, 

TMP did not show any increased sensitivity, compared with SAP, in the 

detection of field loss in glaucoma suspect individuals or in those with OAG 

exhibiting recognized field loss by SAP (Feghali et al., 1991). Nevertheless, 

Casson et al., (1992) recommended that TMP reveals considerably greater 

deformity in early glaucoma, at all temporal frequencies, and classified those 

cases of ocular hypertension that would develop glaucoma (Casson et al., 

1993a; Yoshiyama and Johnson, 1997). Individuals with normal visual function 

appeared to show a greater age-associated reduction in sensitivity for high 

temporal frequencies compared to low and medium temporal frequencies 

(Casson et al., 1993b). 

 
LPF perimetry demonstrates a flickering stimulus, superimposed on a base of a 

steady luminance, and specifies the temporal frequency required to separate 

the stimulus from the base (Anderson and Vingrys, 2000; 2002). The method is 

incorporated in the commercially available Medmont M600 perimeter 

(Medmont, Camberwell, Australia). Nonetheless, the clinical utility of LPF 

perimetry in patients with either OAG or OHT has not yet been investigated. 
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CFF perimetry determines the highest temporal frequency at which a flickering 

stimulus of constant luminance is originally perceived as a continuous (non- 

flickering) stimulus (Pieron, 1962; Midena, 1989). The literature is ambivalent 

as to whether the end point for CFF should be verified by increasing the 

temporal frequency until fusion is reported (Mahneke, 1957) or by reducing 

the temporal frequency until flicker is perceived (Knox, 1945). 

 
From a clinical point of view, different methods of flicker perimetry have been 

reported to detect retinal (Phipps, Guymer and Vingrys, 1999; Vingrys, and 

Pesudovs, 1999; Stavrou and Wood, 2005) and macular abnormalities (Mayer 

et al., 1992a; Mayer et al., 1992b; Mayer et al., 1994; Phipps et al., 2004). 

 
Numerous studies have also reported that this method is superior to SAP in 

the investigation of glaucomatous field loss, although it has not become 

prevalent among investigators (Lachenmayr et al., 1991a; Lachenmayr and 

Drance, 1992; Lachenmayr and Gleissner 1992; Lachenmayr, 1994; Matsumoto 

et al., 2006, Turpin et al, 2012). 

 
 
1.10.8 Moorfields Motion Displacement test 
 
A different current procedure, the motion detection threshold test (MDT) 

includes the presentation of a vertical bar of 85% Michelson contrast on a 

10cdm-2 white background at each of 32 stimulus locations (Oleszczuk et al., 

2012). Three fluctuations of 200 ms each alter the temporal location of each 

bar. Threshold is the detectable displacement perceived for 50% of the 

presentations. 
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Although MDT is a simple valuable test for the detection of glaucoma (Baez et 

al., 1995) and is relatively resistant to the effects of intra-ocular light scatter 

(Bergin et al., 2011; Oleszczuk et al., 2012), it still requires further 

comparative investigation. 

 
 
1.11 Measuring structure and function 
 
Visual field defects are associated with the loss of retinal ganglion cells (RGCs) 

in the inner retina and of their axons in the optic nerve head (ONH) 

(Werkmeister et al., 2013). For this reason, structural and functional events 

should be correlated to the loss of RGCs (Tate, 1985; Anderson and Knighton, 

1988; Bartz-Schmidt and Weber, 1993). Several methods of quantifying the 

amount of RGC loss represented by the loss of axons or visual sensitivity have 

been proposed (Quigley, Dunkelberger and Green, 1989; Harwerth et al., 1999; 

2002; 2004; 2007; Garway-Heath et al., 2000a; 2000b; Swanson et al., 2011; 

Harwerth and Quigley, 2006; Hood et al., 2007a; 2007b; Harwerth and Wheat, 

2008; Harwerth et al., 2010; Medeiros et al., 2012a). 

 
On the other hand, contemporary psychophysical tests do not detect 

glaucomatous damage until a significant minority of retinal ganglion cells has 

died. A combined structure-function model would have considerable clinical 

use for the diagnosis and evaluation of progression of glaucoma, or allow one 

test replacement by another when one of the trials is not possible. 

 
Although standard automated perimetry (SAP) has been the most widely used 

method to assess glaucomatous progression, imaging of the ONH and RNFL 

also provides important measures by which anatomical changes associated 

with glaucoma can be measured (Bowd et al., 2001; Iester et al., 2008). 
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Existing structure-function maps have been formulated so as to create the 

anatomical association between visual field areas and regions of the ONH 

(Gardiner, Johnson and Cioffi, 2005; Strouthidis et al., 2006). A series of 

investigations and various studies have stated that there is a reasonable link 

between the appearance of the ONH, the retinal nerve fibre layer (RNFL), and 

visual field changes in glaucomatous patients (Lamparter et al., 2012). 

 
Both scanning laser polarimetry (SLP) and optical coherence tomography 

(OCT) imaging techniques offer quantitative and objective measures of RNFL 

thickness (RNFLT). In numerous studies, rates of RNFLT change in glaucoma 

patients were not statistically different from control subjects for any modality. A 

significantly negative rate of MD change in patients suggests a genuine, 

continued deterioration in these patients not reflected by RNFLT changes. 

This indicates that most RNLF thickness changes in patients may have occurred 

in the earlier stages of the disease before taking into account the baseline 

differences in RNFL between patients and controls (O’Leary et al., 2012). 

 
 
1.12 The structure-function relationship 
 
The first report on experimental glaucoma (Harwerth et al., 1999) assumed the 

log-linear relationship between visual sensitivity and RGC density that had been 

applied in the studies of retinas from human patients (Quigley, Dunkelberger and 

Green, 1989; Kerrigan-Baumrind et al., 2000). The general relationship 

suggested that, when the RGC losses were less than about 50%, there 

were small reductions in visual sensitivity, although the functional losses were 

not relative to the structural losses. While both the typical structural and 

functional changes observed in the disease are eventually related to the 

pathological loss of retinal ganglion cell (RGC) somas and axons, the 
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measurements of structural and functional change are to some extent variable 

and have an inadequate relationship to one another, both for identifying the 

defects and for disease progression follow up (Leske et al., 2003; Miglior et 

al., 2005). Conversely, the correct nature of the ‘structure–function’ correlation 

in early glaucoma is still the topic of scientific uncertainty and the subject of 

systematic research (Quigley, Dunkelberger and Green, 1989; Harwerth et al., 

1999; Spry et al., 2005; McKendrick and Turpin, 2005; Malik et al., 2012; 

Medeiros et al., 2012a; 2012b). 

 
Standard automated perimetry (SAP) remains the standard technique for 

examining functional changes in the disease. On the other hand, patients 

possibly will present with structural alterations in the optic nerve or retinal 

nerve fibre layer (RNFL) before these changes are noticed with SAP 

(Medeiros et al., 2012a). In contrast, a number of patients show evidence of 

functional deterioration without considerable changes in currently existing 

structural tests (Kass et al., 2002; Miglior et al., 2005; Artes et al., 2005; 

Medeiros et al., 2012a). 

 
In standard white on white perimetry, the 24-2 grid has visual field test points 

that are disproportionately distributed with respect to their optic disc sector 

correspondence and to the distribution of RGC density (Malik et al., 2012). On 

the other hand, the conventional Goldmann size III stimulus covers an irregular 

number of RGC receptive fields across the central 30 degrees. A better 

represented distribution of test locations of RGCs and a ‘scaled’ stimulus by 

RGC receptive field density approximations can be expected to yield stronger 

structure–function correlations. Clinical studies have also demonstrated that 

OCT and other imaging devices in fact perform disappointingly in differentiating 
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moderate from severe glaucoma. These comments about OCT performance 

and SAP routine without a doubt point towards the need for a combined 

approach to the identification and examination of  glaucoma. 

 
Despite the fact that the amount of RGC loss, related to early development of a 

field defect, will depend on the location and characteristics of the defect, 

normally one would first identify VF loss at a mean deviation of around -2 dB 

to -3 dB, corresponding to an RGC population of approximately 600,000 to 

700,000 cells, according to a recent study (Medeiros, 2012a). Similar RGC 

populations correspond to just about 30 percent loss from the average RGC 

number in healthy eyes. 

 
 
1.12.1 The combined structure-function Index (CSFI) 
 
A few years ago, Medeiros and colleagues presented a combined structure 

and function index (CSFI), with the intention of merging the results of structural 

and functional tests into a single index that  could be used  for diagnosis, 

staging and detecting glaucomatous progression (Medeiros et al., 2012b). This 

combined index made use of estimates of RGC counts, acquired by previously 

derived empirical formulas and from two more sources, RNFL thickness 

estimation by optical coherence tomography (structural) and standard 

automated perimetry (functional). All these estimates were then merged using a 

weighted average to make available a single estimate of the RGC count for a 

particular eye. By combining structural and functional tests for each eye, into 

a single estimate of RGC loss, the index offered a very instinctive parameter 

to be used in clinical practice. Bizios and colleagues (2011), suggested that 

integrating parameters by including a priori relevant information through OCT 
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and SAP data fusion, may improve the glaucoma diagnosis accuracy 

compared to  current  available  methods  (Bizios et  al., 2011). 

 
Other studies have suggested combining structural and functional tests to 

identify glaucomatous progression, including the use of Bayesian algorithms 

to allow arrangement of different tests (Weinreb and Khaw, 2004). Additional 

studies are necessary to evaluate the best approach to clinical trials in 

glaucoma. 

 
On the other hand, SAP remains the gold standard for the functional 

assessment of glaucoma. As more highly sophisticated tools have been 

developed to assess eyes for structural changes in glaucoma, the relationship 

and concordance of structural defects with functional insufficiency are 

becoming more obvious. Nevertheless, further study is necessary to confirm 

these results and to determine the clinical significance of all the findings 

(Lamparter et al., 2013). 

 
 
1.13 Factors that possibly influence the perimetric examination outcome 
 
Any visual field examination outcome in order to be successful must be a 

combination of the ability of the perimetrist, the understanding and the co- 

operation in the requirements of the visual field examination by the patient and 

the proficiency of the clinician in interpreting the statistical analysis. Any visual 

field test can be masked by one or more artefacts, which can either lead to the 

incorrect result of visual field loss or to the possible deterioration of existing 

loss. 
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1.13.1 Physical Factors 
 
The anatomical structures of the face are significant causes of apparent 

deformity of the visual field (Cubbidge, 2005; Saigal, 2011). These artefacts 

can create defects that mimic inferior nasal steps or superior peripheral field 

defects. Reduced aperture trial lenses may also produce lens rim artefacts 

either due to thick rims or from incorrect placement. As a result, trial lenses 

should be used always in conformity with the instructions from the perimeter 

manufacturer (Weijland et al., 2004). Furthermore, time of day has a significant 

influence on the MD of measured sensitivity. According to recent  studies, 

patients with early glaucoma performed significantly better in the early morning, 

compared with the rest of the day. Inter-seasonal differences also appeared to 

play a considerable role in visual field testing. Patients with early glaucoma 

appeared to have the highest sensitivity in the winter and patients with 

moderate/severe glaucoma in the spring (Montolio et al., 2012). 

 
 
1.13.2 Age 
 
The effect of age on the visual field outcome obtained by automated perimetry is 

another important factor. The visual fields of normal subjects undergoing SAP 

shows that the sensitivity decreases significantly with age (Brenton and Phelps, 

1986; Haas et al., 1986). The sensitivity in blue-on-yellow perimetry also 

decreases with age in healthy subjects (Johnson et al., 1988) and even in 

Flicker perimetry contrast sensitivity decreases with age (Faubert and 

Bellavance, 2003; Bernardi et al, 2007 

 
1.13.3 Defocus 
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The retinal image optical defocus decreases the visibility of the stimulus. 

Uncorrected or inappropriate refractive correction could cause the projected 

stimulus  to  be  out  of  focus  on  the  retina  and  therefore  not  only reduce 
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luminance but also increase the amount of blur (Henson and Morris, 1993; 

Saigal, 2011). 

 
The effect appears to be more marked for smaller targets and less marked 

with increasing eccentricity (Atchison, 1987). On this basis, it is suggested 

that the visual field assessment should be undertaken with the trial lens fitted 

with distance refractive correction, together with any near correction, as required 

(Dul, 2013). 

 
1.13.4 Media opacities 
 
Many studies demonstrated the effect of cataract on visual field sensitivity, 

mainly by comparing visual function before and after cataract extraction and 

intraocular lens implantation (Bergin et al., 2011). One result of ageing in 

general, and cataract formation in particular, is an increase in intraocular 

straylight (IOS), arising from increased forward light scatter. Although IOS 

varies between individuals, even in the young healthy eye, IOS values 

associated with cataract are greater with a resulting reduction in the 

differential light sensitivity (Anderson, Shuey and Wall, 2009; Bergin et al., 2011). 

 
On the other hand, any ocular media opacity, either a cataract or corneal 

cloudiness, will produce dullness, absorption and dispersion to a significant 

amount of light reaching the retina. From a clinical point of view, any opacity 

reduces the brightness of test stimuli and background equally, and therefore 
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has no effect other than overall depression of retinal sensitivity; this is 

reflected in changes to the total deviation plot and global indices,  but no 

significant changes to the pattern deviation plot as this filters out the 

depression to identify focal losses (unless concurrent disease such as 

glaucoma is present). 

 
Certainly, light scatter affects the differential light sensitivity more than light 

absorption (Bettelheim and Chylack, 1985). Cataract in general causes a 

diffuse loss of sensitivity (Guthauser and Flammer, 1988) and increasing age- 

related cataract could impair the interpretation of progressive glaucomatous 

visual field loss (Bengtsson, Olsson, and Heijl, 1997). 

 
Clinical visual field testing may be unreliable when visual field locations have 

sensitivity below approximately 15 to 19 dB because of a reduction in the 

asymptotic maximum response probability. The outcome of visual field testing 

with standard automated perimetry in individuals with OAG or in otherwise 

normal individuals, illustrates no difference before and after cataract extraction 

by phacoemulsification and intra-ocular lens implantation (Kook et al., 2004; 

Siddiqui, Khairy and Azuara-Blanco, 2007). Patients with glaucoma and 

moderate to severe visual field loss may commonly have worsening sensitivity 

in these visual field locations (Gardiner et al., 2014). 

 
 
1.13.5 Medications 
 
Also, a significant number of systemic drugs, like chloroquine/ hydroxy- 

chloroquine, ethambutol and vigabatrin, give rise to visual field loss (Anderson 

Johnson and Werner, 2011). The progressive nature of the damage, 
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discussed despite the withdrawal of drug (Michaelides et al., 2011) and 

in relation to screening recommendations (Marmor et al., 2011). Studies of 

ethambutol toxicity suggest that visual field loss is reversible in 80% of 

eyes, one month after withdrawal of ethambutol (Menon et al., 2009) . 

 
Nevertheless, the phenothiazines attach to melanin granules and can cause a 

severe phototoxic retinopathy but the associated visual field loss has not yet 

been documented. 

 
The visual field loss occurring from the anti-epileptic drug vigabatrin is a 

bilateral concentric constriction, within the central field out to 30° of 

eccentricity, presented by static perimetry as a binasal annulus, which 

extends centripetally towards fixation (Krueger, 2013). 

 
1.13.6 Pupil size 
 
Pupil size and anomalies are also a significant factor. This is reflected in 

changes to the total deviation plot and global indices, but no significant 

changes to the pattern deviation plot as this filters out the depression to 

identify focal losses (unless concurrent disease such as glaucoma is present). 

 
Pupil diameter can vary with factors such as ocular medication like miotics, 

neuroophthalmic disease, and age-related miosis. Pupil size can affect retinal 

illumination and influence visual field sensitivity; a constricted pupil dims both 

the intensity of the stimulus and that of the background. It may depress central 

and peripheral threshold sensitivities and increase the variability of threshold 

measures (Saigal, 2011). 
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1.14 Psychological Factors that possibly influence the perimetric examination 
outcome 

 
1.14.1 Learning effect 
 
One of the most important factors is the perimetric learning effect that is 

present in almost all types of perimetry. Differential light sensitivity can 

improve during the test examination of the first tested eye at the initial visit for 

perimetry (Lamparter et al., 2011; Lamparter et al., 2013). 

 
To minimize learning effects, it is advisable to conduct a practice test 

procedure in “demonstration” mode where the patient can begin the 

examination, but data is not collected by the perimeter (Saigal, 2011). 

Therefore, the examiner must be present throughout the perimetry test and be 

responsive to providing an individualized test procedure (Johnson, 2013). 

 
A number of possible factors are associated with the learning effect in a 

glaucoma patient, such as age, race, gender and previous experience 

(Castro, Kawase and Melo, 2008). Gardiner and his colleagues studied the 

learning effect over a period of six years, and concluded that is also present 

over the years and improving at each yearly visit (Gardiner, Demirel and 

Johnson, 2008). A more detailed analysis of the learning effect in perimetry 

follows in Chapter 2. 

 

1.14.2 Fatigue effect 
 
Another factor that influences stimulus visibility during the visual field 

examination is the fatigue effect that is present in all types of automated 

perimetry exhibiting a worsening of the differential light sensitivity during the 
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examination (Heijl, 1977; Heijl and Drance, 1983; Hudson, Wild and O'Neill, 

1994). 

 

Another source of fatigue is decreased patient vigilance. Signs of sleepiness 

were described as pupillary constriction and occasionally as “pupillary 

fatigue”, observed as oscillations in pupil size. A Pupillary Fatigue Index (PFI) 

was developed in order to describe changes in pupil size and unrest. Loss of 

vigilance was found to be associated with decreased sensitivity, which 

sequentially influences visual field variability (Henson and Emuh, 2010). 

 
 
1.14.3 Test duration 
 

Both learning effect and fatigue effect can influence visual field test results. 

Patients with prior visual field testing experience are usually more consistent 

and prepared for this evaluation, which produces better, more reliable results. 

 
Alternatively, a longer test often produces a reduction in performance and 

results in less reliable test results. Some patients may have short attention 

spans and require multiple rest periods, need realignment of the head and eye 

being tested, etc. 

 

 
1.15 Perimetrist and environmental factors 
 

Perimetrist Instructions, prior to the visual field examination, may influence the 

threshold estimate by up to 2.04 dB in younger patients and up to 6.57 dB in 

older patients (Kutzko, Brito and Wall, 2000). If an educational video is shown 
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prior to the initial visual field examination, is likely to increase the number of 

outcomes considered to be ‘reliable’, mainly for the eye which is examined 

second (Sherafat et al., 2003). 

 
For individuals with a low educational level or age greater than 70 years and 

previous visual field examination with a high number of incorrect responses to 

either the fixation loss or the false-positive catch trials, it may improve the 

reliability of the outcome of the visual field examination if prior to the test the 

patients are shown an educational video (Van Coevorden et al., 1999). 
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2 CHAPTER TWO - Review of the effect of Perimetric 
experience in measurement of visual fields  

 

Perimetry is a subjective psychophysical test that requires patient co-operation 

and a high degree of his/her concentration during the test. After repeated 

attempts, patient performance may improve by learning and experience. 

 

2.1 What is the learning effect 
 

The Learning effect is an artefact of automated perimetry in visual field 

examination that masks the real defect and produces a confusing outcome. 

Subsequently, the development of an index that could discriminate between 

typically experienced and typically inexperienced visual field results in groups 

of normal, glaucomatous and ocular hypertensive individuals of various ages 

would be very much appreciated by clinicians trying to determine the perimetric 

outcome.  

 

The fact is that the patient learns to respond consistently during the test. In 

clinical practice, learning may be observed within a single examination of a 

given eye, between eyes at the same visit, or between subsequent 

examinations. To minimize the learning effect, we either have to conduct a 

practice test procedure, as a demonstration for the patient without collecting 

data, or to calculate and establish a learning index of the specific patient. 

 

In the late 80’s, A. Heijl, colleagues and others stated: “a great number of 

individuals need perimetric experience before producing test results that can 
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be reliably interpreted” (Heijl et al., 1989; Oden, 1992). Accordingly, 

inexperienced subjects may often produce field tests that show abnormal 

results and there is the possibility of learning during the examination. In clinical 

settings, this is revealed with a dramatic improvement in the second or third 

field test result compared with the first; the magnitude of these improvements 

considerably decreases as the number of examinations increases.  

 
 

2.2 What do we know about the learning effect 
 

As discussed in chapter one, the learning effect in Standard automated 

perimetry has already been well documented (Wood et al., 1987; Werner, 

Adelson and Krupin, 1988; Heijl et al., 1989a;, Wild et al., 1989; Kulze, Stewart 

and Sutherland, 1990; Werner et al., 1990; Searle et al., 1991; Heijl and 

Bengtsson, 1996; Nordmann et al., 1998; Castro, Kawase and Melo, 2008). 

 

A considerable learning effect between the first and second tests assumed to 

be present by normal and glaucomatous subjects for SAP (Heijl et al., 1989; 

Wild et al., 1989).  SWAP also exhibits a learning effect that may be larger than 

for SAP (Gardiner et al., 2006; 2009) even among subjects experienced with 

prior testing (Wild et al., 2006). The reason for this is uncertain, although part 

of the dissimilarity may be due to the higher variability of SWAP (Blumenthal et 

al., 2000, Hutchings et al., 2001; Wild, 2001). Gardiner and associates (2006) 

suggest that the duration of the problem may have been underestimated, 

mostly for SWAP. It is likely that the actual mean sensitivities of some of these 

patients would have been declining due to disease progression (Gardiner et al., 

2006). 
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A learning effect for FDT is also present in normal individuals (Iester et al., 2000; 

Horani et al., 2002; Joson et al., 2002; Fogagnolo et al., 2008), in patients with 

OHT (Centofanti et al., 2008) and in patients with OAG (Joson et al., 2002; 

Matsuo et al., 2002) and lasts until the third visit (Pierre-Filho et al., 2010). The 

learning effect for Critical Flicker Fusion perimetry occurs between the first and 

second visits in normal individuals (Bernardi et al., 2007).  Flicker Defined Form 

perimetry shows evidence of a learning effect over the first three visits and a 

reduction in the variability associated with the threshold estimation technique 

(Lamparter et al., 2011). 

 

2.3 Why is the learning effect important 
 

Perimetry is an essential component of the examination of glaucoma. Actually, 

as it has been reported, up to one third of all cases of glaucoma may be missed 

if routine perimetry were ignored (Tielsch et al., 1991). Based on the above-

mentioned studies the economic utility of perimetry is absolute. Up today, the 

distressing unanswered questions are how often do we need to order visual 

fields and in what extend is our current technology acceptable. Without doubt, 

any evidence of visual field progression deserves repeat testing, since recent 

studies show that 86% of the visual field abnormalities in OHT individuals are 

reverted to normalcy on repeat testing (Keltner et al., 2000). Conversely, 

repeating SAP and confirming a change in the visual field is less expensive 

than a lifetime of potentially unnecessary treatment (Kammer, 2011).  
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2.4 What should be done to address the outstanding issue 
 

In view of the fact that clinically it can take up to 3 or 4 visits for examiners to 

decide whether a patient’s visual field presents real or masked defective visual 

field locations, Olsson and colleagues decided in the late 90’s to implement an 

index, initially named Learner’s Index (Olsson et al., 1997).    

 

The underlying principle of this index was that a visual field obtained from a 

normal individual with satisfactory perimetric experience should produce an 

index value around 0. Index values bigger than 0, either positive or negative 

indicate that this individual has the possibility to learn and may produce a 

second examination with better performance and improved test results. 

 

Olsson and associates (1997), in order to detect concentric peripheral 

depressions, divided the central 30 degrees of the visual field into 5 concentric 

zones, and then calculated, the average deviation from the age-corrected 

normal threshold in each zone. After that first attempt by Olsson and colleagues 

to establish a learning index (LI) for the visual field results, very little was done 

to improve or recalculate this index, and there are no specific studies, although 

clinicians still come up against this artefact with every inexperienced patient. 

Furthermore, the detailed LI calculation is going to be reviewed in Chapters 3 

and 4. 

 

2.5 Aims and Objectives 
 

2.5.1 Previous work 
 



 97 

This work is a continuation of the development of the “Learner’s Index” (L.I.) 

that Olsson first introduced in 1997 and an investigation of the learning effect 

under the same testing protocol. Olsson and colleagues used only normal 

individuals for their study and utilized two groups of test results, one trained 

(obtained at the third test session) and one untrained (obtained at the first test 

session) group of field tests (Olsson et al., 1997).  

 

By the time of this thesis submission no other effort or different method to 

establish such an index has come to the author’s knowledge. In the research 

described in the present thesis was used a large group of individuals, healthy, 

glaucomatous and hypertensive, of various ages, with and without perimetric 

experience.  

 
2.5.2  Overall and specific aims of the study 
 

The overall aim of this work was to examine new methods for the estimation of 

the learning index with the intention by the establishment of such an index to 

assist the clinician in detecting possible masked or overestimated visual field 

defects or progression of glaucoma damage. The specific aims are twofold.  

 

Firstly, to develop particular software to calculate the index and subsequently 

to investigate the relationship with the perimetric global indices and the rest of 

functional aspects of automated perimetry.  

 

Secondly, to investigate the behaviour and influence of novel filters on 

denoising the perimetric results. An ideal filter that could be quite effective is a 
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filter that itself adjusts its transfer function according to an optimising 

algorithm. Because of the complexity of the algorithms, most adaptive filters 

become accustomed to the performance based on the input signal. 

 

More specific aims of this thesis were initially to determine the extent of the 

learning index among the perimetric strategies SITA Standard, SITA Fast and 

Short Wave Automated Perimetry (SWAP) and finally to determine any 

between-algorithm differences and between-individual variations regarding the 

magnitude of the learning index.   

 

2.6 Author’s background 
 

The author is an optician-optometrist, registered since 1981, with the 

Commission of Ministry of Health and Welfare Specialities in Greece. Since 

1989 he is a senior lecturer at the Department of Optics and Optometry at the 

Technological Institution of Athens, Greece. In January 2009, the author 

enrolled for a full-time research degree at the Cardiff School of Optometry and 

Vision Sciences. The period of full-time study was covered by absence of leave 

of the Greek Ministry of Education. The research was conducted under the 

academic supervision of Professor John M. Wild. 

 

At the end of the first year of research, the author was required to undergo a 

presentation of his results in front of the research group of the School. At 

second year he presented a poster about the “Learning index in automated 

perimetry” and he presented his results of filtering VF outcome, in front of the 

research group of the School. At the third year the author continued his 

research for the degree of PhD from Cardiff University. 
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Since the sabbatical of the author was limited to three years, then he had to 

write up this thesis back in his home Institution. This produced some difficulties 

and drawbacks to the completion of the thesis.  First of all was the 

communication problem between the author and his supervisor. He initially 

scheduled bimonthly visits to the School to collaborate with his supervisor, 

although the cost of this endeavor was prohibitive and the leave from author’s 

working place was restricted.  

 

Later on, this problem was tided over using modern communication means like 

Skype conference meetings with the supervisor under high-speed Internet 

connection. This remote collaboration took part at least once per week and 

worked out quite well until the submission of this thesis. 

 

Another complexity was the different computer software platforms used by 

author’ s Institution, where he had to repeat or update some results of the study. 

Loading to the computer new versions of the software has easily transcended 

this drawback. In addition during this period was decided to repeat the 

calculation of the learning index results in a more accurate way, so the author 

had to deal with Mathematicians and Statistics specialists. This problem 

produced much delay in thesis completion.      

 

Nevertheless, although all these above-mentioned shortcomings the time spent 

to this thesis satisfied both the professional and the personal level of the author. 
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SECTION B: EXPERIMENTAL WORK 
3 CHAPTER THREE  - General methods of the Learning 

Index  
 
3.1 Cohort 
The sample included 79 individuals from optometric practices in Landquart, 

Switzerland who met the inclusion criteria for taking part in the study and who, 

during the enrolment phase, had volunteered to take part in the study. 

According Castelberg (2010), all individuals were provided with verbal and 

written information concerning the nature of the study, and had given written 

consent, in agreement with the requirements, and approval, of the National 

Commission of Swiss Graubünden Kantons, and in accordance with the tenets 

of the Declaration of Helsinki. 

 

           Table 3.1.  Age distribution within each of the three sample groups. 

 

The cohort comprised three groups of individuals (Table 3.1). One group 

consisted of 29 normal individuals (16 females and 13 males) who were enlisted 

from the optometric practice of Dr. Castelberg in Landquart, Switzerland.  The 

group had a mean age of 54.8 years (SD 9.7; range 40-76 years). Each of the 
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remaining two groups contained 25 individuals. One group involved individuals 

with OAG and consisted of 17 females and 8 males. The mean age of this group 

was 63 years (SD 8.3; range 46-73 years). The third group included individuals 

with OHT and consisted of 14 females and 11 males. This group mean age was 

60.0 years (SD 7.9; range 48-76 years).   

 

Twenty-two of the 25 individuals with OAG and 22 of the 25 individuals with 

OHT were drawn from the ophthalmological practice of PD Dr.med. Zulauf, in 

Chur, Switzerland. The remaining 6 individuals were drawn from the practices 

of three ophthalmologists within Landquart, Switzerland.  

 

Normal individuals  (Castelberg, 2010) were naïve to any type of perimetry so 

all the group could be assumed that possibly will learn at the first, second and 

third test session. On the other hand, the OAG group and OHT group in line to 

Castelberg thesis were much experienced of Standard Automated Perimetry 

(SAP) as they had 5-6 previous tests. The individuals of these two groups were 

expected to learn only in SITA SWAP where the used pathway is different from 

the SAP. 

 

 

3.1.1  Inclusion criteria 
 

Each of the studies required five visits each separated by one week and an 

initial visit to determine suitability for inclusion into the given study.  Based upon 

a range of differences in the visual field index MD of +/- 3.0dB (range 6.0), the 

SD of the differences was estimated to be approximately 1.5dB (4SD being 
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95% of the distribution). As a result a sample of 26 patients provided 90% power 

of detecting a 1.0dB difference between visits and/ or between algorithms (Wild 

et al 1999a,b; 2006). 

 

Each individual was required to exhibit in each eye a visual acuity of 6/9 or 

better; a distance refractive error of ≤+/-7.0 dioptres mean sphere and ≤+/-3.0 

dioptres cylinder; a normal anterior segment, and lenticular changes not greater 

than NC2.0, NO2.0, C1.0, or P1.0 by the Lens Opacities Classification System 

III (LOCS III) (Castelberg, 2010). 

 

In addition, no individual was receiving systemic medication, or manifested any 

systemic disease, known to affect the visual field; all had a negative family 

history of ocular disease or any systemic disease with potential ocular 

involvement.  

 

Normal individuals were categorized on the basis of normal findings from the 

clinical examination and exhibited an upper limit for the IOP of ≤20mmHg. 

 

Individuals with OAG were categorized on the basis of an optic nerve head, 

viewed by stereo-observation. Moreover, by the basic characteristic of the 

disease including generalized or focal thinning of the neuro-retinal rim, disc 

asymmetry, changes in the lamina cribrosa, pallor, vessel changes or disc 

margin haemorrhage. For the 25 individuals with OAG inclusion criteria were 

also the Heidelberg Retina Tomograph (HRT) reflectance images for the optic 

nerve heads and the values of the parameters for Disc Area, Cup Shape 

Measure, Height Variation Contour and the Linear Cup Disc (Castelberg, 2010). 
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For the individuals with OAG, the severity of the visual field loss was graded, 

post hoc, on the appearance of the eye with the more severe loss recorded with 

the SITA Standard algorithm at the last visit of the study protocol. The staging 

system was that of Hodapp and associates (1993), modified by Litwak (2001) 

for the SITA algorithms, which classifies field loss in terms of the number and 

severity of the Pattern Deviation probability levels at each location and in terms 

of the defect depth at the four central locations adjacent to fixation. In general, 

5 of the 25 individuals exhibited a normal visual field, 15 exhibited mild loss, 4 

moderate losses and one severe loss. 

 

Individuals with OHT were categorized on the basis of a central corneal 

thickness-corrected IOP of ≥22mmHg in both eyes on at least two occasions 

separated by at least one month, or a pre-treatment IOP ≥22 mmHg under 

similar circumstances, in the presence of a normal disc by stereo observation 

and a normal visual field, considered post hoc, on the basis of the results from 

the study. A normal appearance of the field was defined after Morgan and 

colleagues (2005), exhibiting complete normality by Pattern Deviation 

probability analysis. 

 

Four of the 25 individuals with OHT were each receiving a single topical agent 

in each eye for IOP control (two were receiving a non selective β-adrenergic 

receptor blocker, one an α-adrenergic agonist and one a carbonic anhydrase 

inhibitor). A fifth individual was being treated with a combination therapy of a 

carbonic anhydrase inhibitor and a β-adrenergic receptor blocker. All five had 



 104 

been treated with the given regimen for at least two months prior to entry into 

the study and remained on the same regimen throughout the five-week period.  

 

The level of risk of the OHT in the worst eye was classified, post hoc, using the 

STAR II system (Scoring Tool for Assessing Risk, Pfizer Inc.) (Gordon et al 

2007) which determines the level of risk on the basis of the following: the 

magnitude of the corneal thickness-corrected IOP; the more asymmetric disc; 

a thin corneal thickness; and the mean of the PSD index obtained at the two 

most recent visual field examinations. 

 

The OHT group comprised with 4 individuals at low risk (mean 3.8%; SD=0.6), 

16 individuals designated at medium risk (mean 9.7%; SD 2.6) and 5 at high 

risk (mean 28.4%; SD=10.6). Nineteen of the 25 individuals with OHT had 

previous experience of standard automated perimetry (SAP). The mean 

number of previous examination sessions for these 19 individuals was 4.7 

(SD=3.2; range 1-12 sessions). 

 

Four of the 29 normal individuals, two of the 25 individuals with OHT and 5 of 

the 25 individuals with OAG were receiving artificial tears because of minor dry 

eye problems. 

 

3.1.2 Exclusion criteria 
 
Each of the studies required a number of inclusion criteria for all the individuals 

at the five consequent visits each separated by one week and also at the initial 

visit in order to establish suitability for inclusion into the specified study. 
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Many patients did not meet the strict inclusion criteria for each of the studies. 

General health problems, such as stroke or diabetes or, cataract often reduced 

the number of potential individuals. 

 

Therefore, individuals that did not meet the criteria of normality in MD 

differences and visual acuity were excluded of the normal cohort was used at 

the studies. Individuals that did not meet the criteria of basic disease 

characteristics, the state of optic nerve head and the severity of visual field loss 

were excluded of the OAG cohort. Also individuals that did not meet the criteria 

of central corneal thickness and glaucoma risk level were excluded of the OHT 

cohort used to all studies. 

 

3.1.3 Strengths and weaknesses of the cohort 
 

The normal individuals (according to Castelberg, 2010) were naïve to any type 

of perimetry so all groups could possibly learn at the first, second and third test 

session. On the other hand, the OAG group and OHT group as stated in the 

Castelberg thesis, were very experienced in Standard Automated Perimetry 

(SAP) as they had 5-6 previous tests. The individuals of these two groups were 

expected to learn only in SITA SWAP where the pathway being tested is 

different from that tested with SAP. 

 
 

Therefore, in this study the untrained group consisted of normal individuals at 

the first test session and the same individuals became a trained group at the 

fifth test session, as they had already done 5 tests to both eyes. 
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For this experimental design the strongly controlled conditions, the random 

sampling, and the use of statistical probabilities suggest the strength of the 

characteristics of the given population. 

 

The main strength of the cohort used is that the normal population is naïve to 

perimetry and followed a specific procedure of test instructions. Through a 

process of elimination using carefully selected tests led to very similar results 

as they had the same characteristics in disease or normality. 

 

More strength for the present method of LI calculation, provided by the findings 

that can be generalised as the selection process was well designed and the 

sample was representative (normal, glaucomatous and ocular hypertensive 

cohorts all at a similar range of age). Even if findings cannot be generalised to 

a larger population, however, they can be transferable to another setting of 

individuals.   

 

Nevertheless, the perimetric experience of OHT and OAG groups in SAP was 

not well documented, as there was no information provided about any specific 

criteria involved for what constitutes a naïve observer and what is an 

experienced observer. As a consequence, the definition of experienced and 

naïve individuals might be weak. 

 

As there was no record of the frequency and the type of perimetry used in prior 

visual field tests in the thesis of Castelberg, this may be a potential weakness 

of the cohort and explains why there were no more criteria for this.  
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3.2 Examination protocol 

According to Castelberg (2010), who collected all the data for his thesis 

purpose, each individual attended for five visits. Each of these five visits was 

separated by one week and was divided into two sessions. At the first 

session, each eye was examined with Program 24-2 of the Humphrey Field 

Analyzer 745i (HFA; Carl Zeiss Meditech Inc., Dublin, CA) using the SITA 

Standard algorithm. At the second session, each eye was tested with 

Program 24-2 and the SITA SWAP and SITA Fast algorithms using the same 

perimeter.  

 

The order of the sessions varied over of the five visits. On the other hand the 

order of the algorithms within the sessions were randomised within individuals. 

The visual field of the right eye was always examined before that. 

 

With a view to ensure adequate saturation of the MWS and LWS pathways, 

each eye underwent an adaptation time more than three minutes to the bowl 

luminance of the perimeter prior to examination with the SITA SWAP algorithm. 

For the SITA Standard and SITA Fast algorithms the corresponding adaptation 

time was roughly one minute.  

 

To facilitate the fatigue effect influence, a rest period of approximately one 

minute-halfway provided through the examination of each eye and a five-minute 

rest period between the examinations of each eye, within a given session. 

During the rest periods the individual stayed adapted to the perimeter bowl 

between sessions. A rest period of approximately 30 minutes was offered. At 
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each visit and throughout each examination, the same instructions received by 

every patient. 

 

The value of left eye data initially was considered not to be of high importance, 

as it was often affected by fatigue due to the duration of the perimetric test and 

because always-left eye was tested second.  

 

On the other hand, the left eye could be used as a second test before the next 

session, offering more perimetric experience to the individual. Therefore, 

concentrating to the behaviour of LI it was interesting to compare the change 

of LI magnitude first to right and then to left eye, having of course in mind the 

possible fatigue effect. 

 

 

3.3  Methods for the calculation of the Learning Index (LI) 
 

 
3.3.1 Olsson’s method 
 

The model population used by Olsson and colleagues (1997) for the 

construction of LI consisted of 72 normal individuals subjected to three bilateral 

visual field tests on three, different occasions, all within 7 months in both eyes.  
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Figure 3.1 The five concentric annuli used for the calculation of the Learning Index (LI). 

The locations B and S are excluded as they fall within the Blind Spot (after Olsson et 

al., 1997) 

 

All participants were randomly selected and their median age was 55 years 

(range 21-79 years): All were normal on clinical examination and careful history 

could not reveal any diseases that might impair the visual field (Heijl et 

al.1987a). 

 

Olsson and associates calculated a symmetric 5 by 5 inverse covariance 

matrix, Σ- I, for average deviations in zones 1 through 5 in the trained group of 

visual fields (Fig. 3.1). To make LI stronger, they fitted the inverse covariance 

matrix to each of several mathematical models. The average inexperienced 

visual field result for learners was represented by the average deviations found 

in each of the 5 zones, μ (containing one element for each zone, μ1-μ5) for the 

untrained group of 7-field test. In a measured visual field the zone-by-zone 

average deviations from age-corrected normal thresholds are represented by x 

(containing one element for each zone x1-x5). LI is then, calculated as the linear 

discriminant function, 
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where K = μTΣ-Iμ provides a numerical normalization of LI resulting in the value 

of 1 for an average subject in the untrained group. Olsson and his colleagues 

used two groups of test results, one trained (obtained at the third test session) 

and one untrained (obtained at the first test session) group of field tests. 

 

All visual field tests that were obtained by Olsson team used the Humphrey 30-

2 Full Threshold program and all the sample population were 72 normal 

individuals. According to Olsson the index was intended to identify patterns of 

differential light sensitivity values typical of initial field tests in perimetric 

learners that probably need additional perimetric experience. An essential 

minority of inexperienced subjects fail to respond adequately in the mid-

peripheral field. Such learners usually improve noticeably after two or three test 

sessions and thereafter show marginal or no improvement. Non-learners, on 

the other hand, show stable results from the very first test (Heijl et al. 1989). 

 

Therefore, a high LI at a first field test should increase the suspicion that any 

apparent defects may be due to the need of experience rather than proper 

disease. However, a high LI may happen also in visual fields with true defects. 

Nevertheless, these defects will be reproducible and LI will remain high upon 

follow-up testing.  

 

The above illustrated method, for an average subject in the untrained group LI 

results in the value of 1. But if LI changes from significant to normal and the 

field result does the same, then the subject may be classified as normal. 
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Accordingly in a normal and experienced population LI has an expected value 

of 0 (Olsson et al., 1997). 

 

3.3.2 The method of LI calculation in the present study 
 
The present study, as a continuation of Olsson and associates method follows 

a similar design. They used only normal individuals for their study and utilized 

two groups of test results, one trained (obtained at the third test session) and 

one untrained (obtained at the first test session) group of field tests The cohort 

in the present study comprises 79 individuals. These individuals were 

categorised in 29 normal individuals, 25 glaucomatous patients and the rest 25  

ocular hypertensive individuals. The trained group acquired at the fifth test 

session and the untrained one obtained at the first test session group of field 

tests.  

 

All tests were performed using the Humphrey 24-2 program and SITA Standard, 

SITA Fast and SITA SWAP algorithms in five subsequent test sessions. Dr 

Carlo Knupp, Senior Lecturer at Cardiff School of Optometry and Vision 

Sciences undertook the coding for the LI calculation (Fig.3.2).   
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Figure 3.2 The coding of the stimulus locations in the 5 zones used in the MatLab® 

subroutine to calculate the Learning Index. 

 

 

The Learning Index (LI) was calculated with custom software written in 

MatLab® (MatLab 7® version 2006b, Natick, MA, U.S.A.) and in Microsoft 

Windows Excel® version 2003 (Redmond, WA, U.S.A.).  

 

The learning index calculation follows a method comparable to Olsson’s and 

incorporates the calculation of the averages of deviations from the age-

corrected normal threshold values clustered in concentric zones and in relation 

with the total and pattern deviation.  

 

As illustrated in Fig.3.2, zones 1 and 2 incorporate the same locations as the 

1st and 2nd concentric annuli used by Olsson (Fig.3.1). Zones 3 and 4 include 

the same number of locations as the 3rd and 4th annuli in Olsson’s design but 

with a different arrangement of locations. Zone 5 includes only 2 locations in 

comparison to the 5th concentric annulus, as a result of the different program of 

data collection. These two locations in Zone 5 are very important to include 

because they are very representative of glaucoma, in the typical glaucomatous 

visual field feature known as the nasal or Ronnie's step.   

 

Both methods exclude the Blind Spot locations as these represent the Optic 

Nerve Head, where due to the anatomical structure there is no light perception. 

 

3.3.3 Comparison of the two methods. 
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In order to investigate the similarities and differences between the Olsson’s 

method and the MatLab method used in the study, firstly the data of the 

Olsson’s publication was used to calculate the LI with the new MatLab method. 

The results were very similar to the Olsson’s calculation (Fig. 3.3)  

 

Figure 3.3.  the results of LI calculation for Olsson’s method (LI) and the results of the 

same data by the present study (NEW METHOD LI) (modified after Olsson et al., 1997) 
 

Secondly, the data of this study were used to calculate LI by both methods for 

the first and third visit, for SITA standard and the right eye of normal cohort. 

The ANOVA one-sample T-Test results present statistically significant 

difference between the two methods in first visit (p = 0.015) and for third visit 

(p= 0.010). This difference is probably because the MatLab design instead of 

the third test, uses the fifth test data for the LI calculation. It is expected that in 
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the fifth visit, the individuals would present more perimetric experience than at 

the third visit, giving a total final LI higher than using third visit results.  

 

On the other hand, the MatLab method uses SITA Standard instead of Full 

Threshold that used by Olsson and the 24-2 program, where a few peripheral 

locations used by 30-2 program are omitted. All these limitations probably 

produce higher numbers of LI and consequently the 1 for Learners and 0 for 

the individuals that cannot learn anymore could not be applied in the present 

study. Instead, for this MatLab study the Learner could be expected to produce 

a value of LI > 1 and the non-learning a LI around 0. 

 

3.3.4 Results 
 

The following pages illustrate the results of Learning Index calculation at first, 

third and fifth visit for both eyes, for normal, OAG and OHT individuals with all 

algorithms. Figures 3.4 to 3.16 include representative cases plots of the Total 

Deviation and Pattern Deviation, numerical and probability plots of all 

algorithms, for right and left eye respectively, at first, third and fifth visit, for 5 

normal, 5 OAG and 3 OHT. 

 

In advance of testing hypotheses, it was necessary to determine whether 

parametric or non-parametric statistical tests were most apprpriate. Therefore, 

the distribution of the data in question was inspected from histograms. 

 

The plots show that the data were normally distributed. As a result, the most 

appropriate parametric descriptive statistics and tests could be used for these 

data. 
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Figure 3.4.   The Total Deviation and Pattern Deviation numerical and probability plots of SITA SWAP algorithm, for right and left eye respectively, at 
1st (top), 3rd  (middle) and 5th visit (bottom), for normal female individual aged 53, naïve to perimetry. The outcome of Learning index is likely to be 
influenced by the lack of experience and the specific difficulty of blue on yellow strategy. 
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Figure 3.5. The Total Deviation and Pattern Deviation numerical and probability plots of SITA Standard algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for normal female individual aged 59, naïve to perimetry. The outcome of high Learning index in left 
eye is likely to be influenced by the fatigue of the previous tests of the right eye or defective areas that cannot learn by repeated tests. 
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Figure 3.6.   The Total Deviation and Pattern Deviation numerical and probability plots of SITA Fast algorithm, for right and left eye respectively, at 
1st (top), 3rd  (middle) and 5th visit (bottom), for normal female individual aged 48, naïve to perimetry. The outcome of high Learning index at 3rd and 
5th visit, in right eye, is likely to be due to the quick algorithm that does not permit the eye to develop enough performance, but only after the 5th visit. 
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Figure 3.7 The Total Deviation and Pattern Deviation numerical and probability plots of SITA Standard algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for normal female individual aged 69, naïve to perimetry. The outcome of high Learning index in both 
eyes at 3rd visit is likely to influenced by the inconsistency of the individual during the test (many false positives and negatives indicating poor test 
reliability). 
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Figure 3.8.  The Total Deviation and Pattern Deviation numerical and probability plots of SITA Fast algorithm, for right and left eye respectively, at 1st 
(top), 3rd  (middle) and 5th visit (bottom), for normal female individual aged 49, naïve to perimetry. The outcome of high Learning index in both eyes 
at 5th visit is likely to influenced by the fatigue of previous tests.  
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Figure 3.9  The Total Deviation  and Pattern Deviation numerical and probability plots of SITA Standard algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for OAG female patient aged 49. The reliability indices during the test are not acceptable and the 
outcome of high Learning index in both eyes at 1st and 3rd visits is likely to be due to many false positives and negatives indicating poor test reliability. 
 
 
 



 121 

 

 

 
Figure 3.10 The Total Deviation and Pattern Deviation numerical and probability plots of SITA Fast algorithm, for right and left eye respectively, at 1st 
(top), 3rd  (middle) and 5th visit (bottom), for OAG female patient aged 76. 
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Figure 3.11 The Total Deviation and Pattern Deviation numerical and probability plots of SITA SWAP algorithm, for right and left eye respectively, at 
1st (top), 3rd  (middle) and 5th visit (bottom), for OAG female patient aged 69. The reliability indices during the test show poor performance, and the 
high Learning Index for the left eye is likely to be due to fatigue because of the difficulty of blue on yellow strategy.  
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Figure 3.12 The Total Deviation and Pattern Deviation numerical and probability plots of SITA Standard algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for OAG male patient aged 70. The reliability indices during the test show poor performance, and the 
high Learning Index is likely to be due to the defective areas that could not learn more.  
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Figure 3.13 The Total Deviation and Patterns Deviation numerical and probability plots of SITA SWAP algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for OAG male patient aged 52. The reliability indices during the test show very good patient performance, 
and the variability Learning Index is likely to be due to the difficulty of blue on yellow strategy. 
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Figure 3.14 The Total Deviation and Patterns Deviation numerical and probability plots of SITA SWAP algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for OHT female individual aged 71. The reliability indices during the test show poor test performance, 
and the high Learning Index is likely to be due to the difficulty of blue on yellow strategy and the fatigue effect that masks the learning effect.  
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Figure 3.15 The Total Deviation  and Pattern Deviation numerical and probability plots of SITA Standard algorithm, for right and left eye respectively, 
at 1st (top), 3rd  (middle) and 5th visit (bottom), for OHT female individual aged 53. The reliability indices during the test are in general acceptable. 
Although at visit 1 there appears a learning transfer from the right to the left eye, next visit illustrate high index to the left eye probably due to the 
fatigue from previous tests.  
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Figure 3.16 The Total Deviation and Pattern Deviation numerical and probability plots of SITA Fast algorithm, for right and left eye respectively, at 1st 
(top), 3rd  (middle) and 5th visit (bottom), for OHT male individual aged 50. The reliability indices during the test are in general acceptable but the 
various Learning Index in both eyes   is most likely due to the fatigue from previous tests.  
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Figure 3.17 illustrates the descriptive statistics and the Box and Whisker plots for the 

Learning Index for normal individuals, across the five visits, for the right eye, within 

algorithm for SITA Standard, SITA Fast and SITA SWAP  

 

Figures 3.18 and 3.19 illustrate the descriptive statistics and the Box and Whisker 

plots for the Learning Index for the glaucomatous and the hypertensive individuals, 

respectively, across the five visits, for the right eye, within algorithm for SITA 

Standard, SITA Fast and SITA SWAP. 

 

Figures 3.20, 3.21 and 3.22 illustrates the descriptive statistics and the Box and 

Whisker plots for the Learning Index for all cohorts, across the five visits, within 

algorithm for SITA Standard, SITA Fast and SITA SWAP, for the left eye. 
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Figure 3.17 The descriptive statistics (left panel), for the Learning Index for normal 
individuals (right eye), across the five visits, for each of the three algorithms. Box 
and Whisker plots (right panel), of the Learning Index distribution for the normal 
individuals (right eye), across the five visits, within algorithm for SITA Standard (top), 
SITA Fast (middle) and SWAP (bottom). 
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Figure 3.18. The descriptive statistics (left panel), for the Learning Index for OAG 
individuals (right eye), across the five visits, for each of the three algorithms. Box 
and Whisker plots (right panel), of the Learning Index distribution for the OAG 
individuals (right eye), across the five visits, within algorithm for SITA Standard (top), 
SITA Fast (middle) and SWAP (bottom). 
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Figure 3.19. The descriptive statistics (left panel), for the Learning Index for OHT 
individuals (right eye), across the five visits, for each of the three algorithms. Box 
and Whisker plots (right panel), of the Learning Index distribution for the OHT 
individuals (right eye), across the five visits, within algorithm for SITA Standard (top), 
SITA Fast (middle) and SWAP (bottom). 
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Figure 3.20 The descriptive statistics (left panel), for the Learning Index for normal 
individuals (left eye), across the five visits, for each of the three algorithms. Box and 
Whisker plots (right panel), of the Learning Index distribution for the normal 
individuals (left eye), across the five visits, within algorithm for SITA Standard (top), 
SITA Fast (middle) and SWAP (bottom). 
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Figure 3.21 The descriptive statistics (left panel), for the Learning Index for OAG 
individuals (left eye), across the five visits, for each of the three algorithms. Box and 
Whisker plots (right panel), of the Learning Index distribution for the OAG individuals 
(left eye), across the five visits, within algorithm for SITA Standard (top), SITA Fast 
(middle) and SWAP (bottom). 
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Figure 3.22. The descriptive statistics (left panel), for the Learning Index for OHT 
individuals (left eye), across the five visits, for each of the three algorithms. Box and 
Whisker plots (right panel), of the Learning Index distribution for the OHT individuals 
(left eye), across the five visits, within algorithm for SITA Standard (top), SITA Fast 
(middle) and SWAP (bottom). 
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3.3.5 Discussion 
 

Fulfilling the purpose of this study, a learning index was developed in a similar way 

to Olsson’s Learner’s Index (Olsson et al., 1997). Then a set of case series of visual 

fields of three different groups was considered in terms of reliability indices, TD and 

PSD compared to the Learning Index for each of the first, third and fifth consecutive 

sessions. 

 

 

3.3.5.1 Typical Results from Individual Subjects 
 

Considering results from normal individuals for the SITA Standard algorithm 

observed an expected decrease of LI between 1st and 3rd or 5th visit in some subjects. 

This LI reduction after 2 or 3 perimetric tests probably is owing to the performance 

of naïve in perimetry normal individuals that was expected to improve and as a result 

the LI expected to be closer to zero (0). In contrast, the left eye either demonstrated 

fatigue or inconsistency of the examined individual (for example Fig.3.5 and 3.7).  

 

The SITA Fast algorithm often showed a higher LI than for the SITA Standard 

algorithm (for example Fig. 3.6 and 3.8) because probably the quick algorithm does 

not permit the eye to develop enough performance or because the results were 

influenced by expected fatigue of previous tests, although these subjects had 

completed SITA Standard tests 5 times for each eye before and were expected to 

exhibit more perimetric experience due to the learning transfer from the previous 

algorithm.  Also, the lack of previous experience in the case of SITA SWAP (for 

example Fig. 3.4) combined with the difficulty of the blue on yellow algorithm 

influenced the LI results.  
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In glaucomatous patients for the SITA Standard algorithm, observed very high LI at 

1st visit, and slightly lower values at 3rd and 5th visit (for example Fig.3.9 and 3.11), 

probably due to defective areas that could not learn or due to the inconsistency of 

the individual, although these subjects were more experienced in perimetry. For 

SITA Fast algorithm, exhibited poor performance (for example Fig. 3.10) as the quick 

algorithm combined with the defective areas most likely produced ambiguous LI 

results. For SITA SWAP although the good performance of the patient (for example 

Fig. 3.13), the great difficulty of blue on yellow perimetry combined with the 

glaucoma defects and the fatigue on left eye (for example Fig. 3.11), provided higher 

LI results. 

 

The ocular hypertensive individuals for SITA Standard presented higher LI for the 

left eye (for example Fig. 3.15) most likely due to some fatigue transferred from the 

right eye, as the right was always tested before the left eye at every session.  For 

SITA Fast exhibited high LI for both eyes (Fig. 3.15) most likely due to fatigue 

transferred from previous tests and for SITA SWAP high LI probably due to the 

difficulty of Blue on Yellow algorithm. 

 

3.3.5.2  Summary descriptive statistics for each group 
 
For a more general analysis of the behaviour of the different examined groups 

towards the LI development, the descriptive statistics in Figures 3.17, 3.18 and 3.19 

may be evaluated for the right eyes and for the left eyes in Figures 3.20, 3.21 and 

3.22. 
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3.3.5.3 Statistical analysis of any change in mean LI over five visits. 
 
One-way repeated measures ANOVA analysis was carried out to test the hypothesis 

that the LI did not change significantly across visits for any of the tests and in any of 

the participant groups. The test analysis showed that in the normal cohort with the 

SITA Standard algorithm, within-subject effects p-values were p=0.566 for the right 

eye and p=0.953 for the left eye, for SITA Fast algorithm, were p=0.823 for the right 

eye and p=0.849 for the left eye and for SITA SWAP algorithm, p-values were 

p=0.942 for the right eye and p=0.660 for the left eye. These findings indicate that 

there was no statistically significant variation in LI across visits. 

 

In the glaucoma cohort and with the SITA Standard algorithm, within-subject effects 

p-values were p=0.472 for the right eye and p=0.270 for the left eye, with the SITA 

Fast algorithm, p-values were p=0.657 for the right eye and p=0.888 for the left eye 

and with the SITA SWAP algorithm, p-values were p=0.923 for the right eye and 

p=0.920 for the left eye. These findings indicate that there was not statistically 

significant variation in LI across visits. 

 

In the OHT cohort and with the SITA Standard algorithm, within-subjects effects p-

values were p=0.980 for the right eye and p=0.200 for the left eye, with SITA Fast 

algorithm, p-values were p=0.889 for the right eye and p=0.776 for the left eye and 

with the SITA SWAP algorithm, p-values were p=0.873 for the right eye and p=0.263 

for the left eye. These findings indicate that there was no statistically significant 

variation in LI across visits. 
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The group mean MD and the mean LI for each eye of each of the 3 groups of patients 

at each of the 5 visits is shown in Table 3.2 for the right eye and Table 3.3 for the 

left one. Subsequent figures (3.23 to 3.25) show the how mean LI is associated (or 

otherwise) with mean MD, for all visits and with each of the threshlding algorithms. 

 

The group mean MD was better for the right (first examined) eye than for the left eye 

across the 5 visits for the 3 cohorts; however, this difference varied between groups 

(p<0.001) and was most negative (worst) with SITA SWAP, being present for the 

group with OAG and for the group with OHT, although experienced in perimetry. The 

magnitudes of the MD also was not dependent on the extent of the previous 

perimetric experience of groups (p=0.567) as the groups with OAG and with OHT 

were more experienced in perimetry, and of the order of the three algorithms within 

the examination (p=0.509). 

 

The magnitude of the association between mean LI and mean MD is, in general, 

small, as denoted by the modest linear regression slopes, however, it should be 

borne in mind that because mean values are regressed, these slopes represent the 

average association. In some individuals, the association will likely be greater, while 

for others, it will likely be smaller. The strength of the relationship, as denoted by the 

R2 values, is reasonably strong in most cases. A stronger association can be 

observed in normal individuals than in the OAG and OHT cohorts. 
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Algorithm 
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 

MD LI MD LI MD LI MD LI MD LI 

SITA 

Standard  

0.88 

(0.99) 

 0.89 

(1.04 

0.63 

(0.96) 

0.78 

(0.97) 

0.63 

(0.99) 

0.83 

(1.03) 

0.88   

(0.99) 

1.07 

(0.68) 

0.72 

(1.13) 

1.11 

(1.06) 

SITA  

Fast 

0.02 

(1.03) 

0.96 

(1.40) 

0.29 

(0.74) 

1.01 

(0.79) 

0.49 

(0.85) 

1.07 

(0.70) 

0.36 

(1.00) 

0.79 

(1.16) 

0.59 

(0.73) 

0.90 

(1.04) 

SITA 

SWAP 

-1.78 

(2.94) 

0.77 

(0.86) 

-1.02 

(2.78) 

0.80 

(1.17) 

-0.84 

(2.63) 

0.83 

(1.17) 

-0.93 

(2.70) 

0.85 

(1.61) 

-0.43 

(2.54) 

0.65 

(1.24) 

SITA 

Standard 

-1.42 

(4.90) 

1.33 

(1.26) 

-1.03 

(4.16) 

1.42 

(1.13) 

-0.90 

(4.29) 

1.34 

(0.87) 

-0.75 

(3.99) 

1.07 

(1.24) 

-0.18 

(4.01) 

0.99 

(1.24) 

SITA  

Fast 

-1.41 

(4.21) 

1.40 

(2.26) 

-1.22 

(4.24) 

1.26 

(1.80) 

-1.06 

(4.47) 

1.19 

(1.27) 

-0.97 

(4.01) 

1.47 

(1.83) 

-0.53 

(3.61) 

1.17 

(1.02) 

SITA 

SWAP 

-3.15 

(4.80) 

1.20 

(1.38) 

-2.48 

(4.59) 

1.46 

(1.97) 

-1.97 

(4.33) 

1.38 

(2.23) 

-1.40 

(4.44) 

1.33 

(2.27) 

-1.58 

(4.37) 

1.32 

(2.11) 

SITA 

Standard 

0.42  

(1.06) 

0.82 

(1.18) 

0.85 

(1.16) 

1.31 

(0.80) 

1.00 

(1.56) 

1.03 

(1.10) 

1.01 

(1.11) 

0.99 

(1.09) 

1.06 

(1.10) 

0.99 

(1.05) 

SITA  

Fast 

0.28 

(1.02) 

0.70 

(1.08) 

0.55 

(1.02) 

0.74 

(1.06) 

0.48 

(1.14) 

0.75 

(1.06) 

0.71 

(1.14) 

0.67 

(1.05) 

0.71 

(1.30) 

0.93 

(1.13) 

SITA 

SWAP 

-1.90 

(3.21) 

1.05 

(1.12) 

-0.53 

(2.64) 

0.70 

(1.56) 

-0.25 

(0.55) 

0.69 

(1.28) 

-0.32 

(1.99) 

0.85 

(1.61) 

-0.21 

(2.31) 

1.05 

(1.30) 

 

 

Table 3.2. The group mean deviation (MD) and the group mean learning index (LI), 
at each of the five visits for the right eye, as a function of the algorithm, for normal 
individuals (no-shading), OAG patients (light shading) and OHT individuals (dark 
shading).   
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Algorithm 
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 

MD LI MD LI MD LI MD LI MD LI 

SITA 

Standard  

0.08 

(1.07) 

0.99 

(1.86) 

0.11   

(1.29) 

0.98 

(1.00) 

0.11 

(1.06) 

0.95 

(0.85) 

0.42 

(0.97) 

1.06 

(0.97) 

0.43 

(1.33) 

1.10 

(1.33) 

SITA  

Fast 

-0.19 

(1.13) 

0.89 

(1.03) 

0.16 

(0.93) 

1.12 

(0.89) 

0.14 

(1.07) 

0.98 

(0.85) 

0.28 

(1.05) 

0.91 

(0.91) 

0.27 

(0.94) 

0.90 

(0.89) 

SITA SWAP -1.61 

(2.79) 

0.99 

(1.15) 

-1.31 

(2.99) 

0.91 

(1.41) 

-1.13 

(2.91) 

1.09 

(1.79) 

-1.27 

(2.89) 

1.01 

(1.22) 

-0.85 

(2.55) 

0.75 

(1.26) 

SITA 

Standard 

-1.20 

(2.33) 

1.31 

(1.37) 

-0.95 

(1.67) 

1.36 

(1.49) 

-0.56 

(1.88) 

1.03 

(1.23) 

-0.53 

(1.74) 

1.10 

(1.32) 

-0.60 

(1.70) 

1.05 

(0.87) 

SITA  

Fast 

-1.27 

(2.04) 

1.30 

(1.40) 

-0.96 

(1.85) 

1.15 

(0.83) 

-0.66 

(1.69) 

1.07 

(1.04) 

-0.59 

(1.64) 

1.13 

(1.26) 

-0.65 

(1.53) 

1.09 

(1.09) 

SITA SWAP -2.92 

(3.94) 

1.43 

(1.71) 

-2.16 

(3.02) 

1.36 

(1.69) 

-1.63 

(2.93) 

1.48 

(1.85) 

-1.22 

(2.93) 

1.32 

(1.84) 

-1.27 

(2.75) 

1.39 

(1.57) 

SITA 

Standard 

0.32 

(1.17) 

0.79 

(1.14) 

0.57 

(1.00) 

0.72 

(0.90) 

0.55 

(1.00) 

1.19 

(0.93) 

0.59 

(1.30) 

1.03 

(1.31) 

0.64 

(1.00) 

1.01 

(0.96) 

SITA  

Fast 

0.07 

(1.16) 

0.97 

(1.09) 

0.39 

(1.24) 

0.79 

(1.21) 

0.52 

(1.00) 

1.23 

(1.33) 

0.45 

(1.01) 

0.62 

(0.77) 

0.37 

(1.29) 

1.07 

(1.26) 

SITA SWAP -1.03 

(2.91) 

0.72 

(1.40) 

-0.45 

(2.79) 

0.85 

(1.56) 

-0.01 

(2.52) 

0.44 

(1.84) 

-0.36 

(2.34) 

1.11 

(1.53) 

-0.32 

(2.39) 

1.13 

(1.34) 

 

Table 3.3.The group mean deviation (MD) and the group mean learning index (LI), 
at each of the five visits for the left eye, as a function of the algorithm, for the normal 
individuals (no-shading), OAG patients (light shading) and OHT individuals (dark 
shading).   
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Figure 3.23 Linear regression for mean LI against mean MD, as a function of algorithm, for 

right eye (left panel) and for left eye (right panel), at every visit for normal individuals. 
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Figure 3.24 Linear regression for mean LI against mean MD, as a function of algorithm, for 

right eye (left panel) and for left eye (right panel), at every visit for glaucoma patients. 
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Figure 3.25 Linear regression for mean LI against mean MD, as a function of algorithm, for 

right eye (left panel) and for left eye (right panel), at every visit for OHT individuals. 
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The group mean PSD and the mean LI for each eye of each of the 3 groups of 

patients at each of the 5 visits is shown in Table 3.4 for the right eye and Table 3.5 

for the left. Next figures 3.26 to 3.28 illustrate the linear regression for the mean LI 

against the mean PSD, for all visits as a function of the algorithm. 

 

The group mean PSD in the right (first examined) eye was better (less positive) than 

that of the left eye across the 5 visits for the 3 cohorts and the magnitude of this 

difference varied between groups (p<0.001) and was largest (worst) for SITA SWAP.  

 

The group mean PSD exhibited a slight improvement over the 5 visits across the 3 

cohorts.  

 

The magnitude of the association is weak in some cases, but stronger in others. 

according the regression analysis and present a stronger association for normal 

individuals but weaker for OAG and OHT individuals.  

 

The magnitude of the association between mean LI and mean PSD is, as denoted 

by the regression slopes, is great in some conditions, while weak in other conditions. 

Moreover, there does not appear to be a consistent trend across all conditions; the 

association is positive in some conditions and negative in others, without any 

obvious rationale. Again, it should be borne in mind that because mean values are 

regressed, these slopes represent the average association. In some individuals, the 

association will likely be greater, while for others, it will likely be smaller. The strength 

of the relationship, as denoted by the R2 values, is reasonably strong in many 

conditions, but weak in others. There also appears to be considerable variation in 
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association even between right and left eyes. Again, it is difficult to make firm 

conclusions about these data, given the lack of consistency in the association 

between eyes and large variation in slope across conditions.  

 

Algorithm 
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 

PSD LI PSD LI PSD LI PSD LI PSD LI 

SITA 

Standard  

1.58 

(0.46) 

0.89 

(1.04) 

1.48 

(0.56) 

0.78 

(0.97) 

1.48 

(0.32) 

0.83 

(1.03) 

1.39 

(0.30) 

1.07 

(0.68) 

1.50 

(0.58) 

1.11 

(1.06) 

SITA  

Fast 

1.51 

(0.51) 

0.96 

(1.40) 

1.30 

(0.21) 

1.01 

(0.79) 

1.35 

(0.35) 

1.07 

(0.70) 

1.38 

(0.30) 

0.79 

(1.16) 

1.34 

(0.33) 

0.90 

(1.04) 

SITA 

SWAP 

2.88 

(0.89) 

0.77 

(0.86) 

2.47 

(0.49) 

0.80 

(1.17) 

2.40 

(0.52) 

0.83 

(1.17) 

2.42 

(0.46) 

0.85 

(1.61) 

2.31 

(0.43) 

0.65 

(1.24) 

SITA 

Standard 

2.33 

(1.95) 

1.33 

(1.26) 

2.41 

(2.20) 

1.42 

(1.13) 

2.52 

(2.56) 

1.34 

(0.87) 

2.34 

(2.14) 

1.07 

(1.24) 

2.24 

(2.19) 

0.99 

(1.24) 

SITA  

Fast 

2.17 

(2.28) 

1.40 

(2.26) 

2.25 

(2.14) 

1.26 

(1.80) 

2.21 

(2.22) 

1.19 

(1.27) 

2.22 

(2.42) 

1.47 

(1.83) 

2.00 

(2.26) 

1.17 

(1.02) 

SITA 

SWAP 

3.50 

(1.34) 

1.20 

(1.38) 

3.22 

(1.38) 

1.46 

(1.97) 

3.17 

(1.33) 

1.38 

(2.23) 

3.09 

(1.47) 

1.33 

(2.27) 

3.04 

(1.39) 

1.32 

(2.11) 

SITA 

Standard 

1.58 

(0.36) 

0.82 

(1.18) 

1.60 

(0.56) 

1.31 

(0.80) 

1.66 

(0.38) 

1.03 

(1.10) 

1.46 

(0.23) 

0.99 

(1.09) 

1.57 

(0.24) 

0.99 

(1.05) 

SITA  

Fast 

1.40 

(0.24) 

0.70 

(1.08) 

1.36 

(0.19) 

0.78 

(0.97) 

1.48 

(0.32) 

0.75 

(1.06) 

1.35 

(0.22) 

0.67 

(1.05) 

1.40 

(0.34) 

0.93 

(1.13) 

SITA 

SWAP 

3.00 

(0.80) 

1.05 

(1.12) 

2.55 

(2.64) 

1.01 

(0.79) 

2.59 

(0.55) 

0.69 

(1.28) 

2.55 

(0.46) 

0.85 

(1.61) 

2.48 

(0.61) 

1.05 

(1.30) 

 

Table 3.4. The cohort mean pattern standard deviation (PSD) and the cohort mean 
learning index (LI), at each of the five visits for the right eye, as a function of the 
algorithm, for normal individuals (no-shading), OAG patients (light shading) and 
OHT individuals (dark shading).   
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Algorithm 
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 

PSD LI PSD LI PSD LI PSD LI PSD LI 

SITA Standard  1.54 

(0.49) 

0.99 

(1.86) 

1.58 

(0.30) 

0.98 

(1.00) 

1.58 

(0.45) 

0.95 

(0.85) 

1.42 

(0.45) 

1.06 

(0.97) 

1.55 

(0.80) 

1.10 

(1.33) 

SITA  

Fast 

1.42 

(0.48) 

0.89 

(1.03) 

1.43 

(0.46) 

1.12 

(0.89) 

1.40 

(0.42) 

0.98 

(0.85) 

1.41 

(0.46) 

0.91 

(0.91) 

1.37 

(0.30) 

0.90 

(0.89) 

SITA SWAP 2.75 

(0.84) 

0.99 

(1.15) 

2.60 

(0.52) 

0.91 

(1.41) 

2.46 

(0.63) 

1.09 

(1.79) 

2.54 

(0.66) 

1.01 

(1.22) 

2.38 

(0.52) 

0.75 

(1.26) 

SITA Standard 2.48 

(1.73) 

1.31 

(1.37) 

2.18 

(1.37) 

1.36 

(1.49) 

2.01 

(1.05) 

1.03 

(1.23) 

1.93 

(0.88) 

1.10 

(1.32) 

1.95 

(1.07) 

1.05 

(0.87) 

SITA  

Fast 

2.07 

(1.52) 

1.30 

(1.40) 

1.99 

(1.44) 

1.15 

(0.83) 

1.99 

(1.26) 

1.07 

(1.04) 

1.68 

(0.65) 

1.13 

(1.26) 

1.96 

(0.85) 

1.09 

(1.09) 

SITA SWAP 3.54 

(1.79) 

1.43 

(1.71) 

3.23 

(1.23) 

1.36 

(1.69) 

3.16 

(1.12) 

1.48 

(1.85) 

2.81 

(0.62) 

1.32 

(1.84) 

2.94 

(1.09) 

1.39 

(1.57) 

SITA Standard 1.80 

(0.76) 

0.79 

(1.14) 

1.82 

(0.85) 

0.72 

(0.90) 

1.70 

(0.69) 

1.19 

(0.93) 

1.70 

(1.74) 

1.03 

(1.31) 

1.64 

(0.69) 

1.01 

(0.96) 

SITA  

Fast 

1.69 

(0.79) 

0.97 

(1.09) 

1.55 

(0.56) 

0.79 

(1.21) 

1.64 

(0.77) 

1.23 

(1.33) 

1.50 

(0.83) 

0.62 

(0.77) 

1.76 

(1.29) 

1.07 

(1.26) 

SITA SWAP 2.89 

(1.03) 

0.72 

(1.40) 

2.89 

(0.72) 

0.85 

(1.56) 

2.64 

(0.98) 

0.44 

(1.84) 

2.55 

(0.63) 

1.11 

(1.53) 

2.56 

(0.64) 

1.13 

(1.34) 

 

Table 3.5. The cohort mean pattern standard deviation (PSD) and the cohort mean 
learning index (LI), at each of the five visits for the left eye, as a function of the 
algorithm, for normal individuals (no-shading), OAG patients (light shading) and 
OHT individuals (dark shading).   
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Figure 3.26  Linear regression for mean LI against mean PSD, as a function of algorithm, 

for right eye (left panel) and for left eye (right panel), at every visit for normal individuals. 
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Figure 3.27. Linear regression for mean LI against mean PSD, as a function of algorithm, 

for right eye (left panel) and for left eye (right panel), at every visit for glaucoma patients. 
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Figure 3.28. Linear regression for mean LI against mean MD, as a function of algorithm, 

for right eye (left panel) and for left eye (right panel), at every visit for OHT individuals. 
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3.4 Chapter Discussion 
 

The present study produced a Learning Index, in a manner similar to the Learner’s 

index that Olsson and colleagues attempted to develop 20 years ago. The 

characteristics of the established LI were thoroughly investigated in terms of different 

groups of those experienced in and naïve to perimetry, both healthy and 

glaucomatous and different algorithms. 

 

The equation used for the LI calculation by Olsson’s colleagues is the same used in 

the new study and the normalisation factor K was exactly the same. The only 

difference between the two methods was that Olsson used Full Threshold 30-2 

program output data and in the new study all the output data came from 24-2 

program and SITA Standard, SITA Fast and SITA SWAP algorithms. Therefore, the 

Olsson’s study used more locations’ data for the calculation of Learning Index, but 

these locations were in periphery and on the other hand the new study used data 

was drawn from 5 repeated test sessions instead of 3 test sessions used by Olsson.   

 

The cohort of the study included healthy normal individuals with no previous 

perimetric experience, glaucoma patients likely experienced in SAP and ocular 

hypertensive individuals naïve in SITA SWAP. The normal individuals  (according to 

Castelberg , 2010) were naïve to any type of perimetry so all the group could be 

assumed that possibly will learn at the first, second and third test session. On the 

other hand, the OAG group and OHT group in line to Castelberg thesis, were much 

experienced of Standard Automated Perimetry (SAP) as they had 5-6 previous tests. 

The individuals of these two groups were expected to learn only in SITA SWAP 

where the used pathway is different from the SAP. 
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The untrained group consisted of normal individuals who were naïve to perimetry, 

but by the fifth test session, they were no longer regarded as naïve observers.  

 

Amid the first conclusions was the certainty that learning effect is not only transferred 

between visits and from one eye to the other, but also that demonstrate an inverse 

relation with the inconsistency and the concentration of the subject during the 

examination. The results of many psychophysical tests improve as the subject gains 

more experience performing the test. Accordingly, the variability of test results may 

decrease significantly with experience. A proper interpretation of perimetric results 

first requires an adequate evaluation of patient reliability that emerges as an 

important limiting factor in testing. High frequency of false positive, false negative or 

fixation losses is an indicator of patient’s lack of concentration or visual fatigue. 

Conversely, high reproducibility of test measurements is often considered an 

indication of high reliability of test results.  

 

Whenever possible, a patient who is new to perimetry should undergo several test 

sessions, to establish adequate experience. The magnitude of learning effect will be 

reduced, as the experience of the individual will increase. Moreover, the age, the 

general health state of individuals and the various therapies they follow or even 

uncomfortable chairs, could contribute to fatigue that may produce inconsistent 

responses. 

 
  

In contrary, this study concluded that the more inexperienced in perimetry is the 

individual, the more the application of the index. Patients who were naïve to 
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perimetry, however, may demonstrate a dramatic improvement in the second test 

compared with the first, producing a high LI. A number of them continue to improve 

over the three, four or five visual fields and produce gradually lower LI. Of course, 

definitely the power of the LI is influenced by the performance of the subject during 

the test. 

 

As expected the application of the LI in ocular hypertensive individuals is ambiguous 

and using the SITA SWAP algorithm, the results are disappointing, as the algorithm 

is very difficult for inexperienced subjects and the LI becomes probably useless for 

this group. 

 

A negative association between mean LI and mean MD is evident (i.e. as MD 

becomes worse, LI increases). However it is difficult to draw firm conclusions from 

these data, as there may be consideratble variance around the mean slope in 

individual participants. In addition, although it is assumed that no true deterioration 

has taken place between visits, test-retest variability increases with depth of defect 

(Artes et al., 2002, Wall et al., 2009). A difficulty in intepreting the LI in cohorts with 

glaucoma is that test-retest variability could be conflated with a real learning effect. 

For this reason, the data from the normal cohort may be more informative when 

considering the utility of the LI, but with the caveat that the range of MD over which 

an association can be determined is very narrow in normal controls. 
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4 CHAPTER FOUR – Alternative methods of Learning Index 
Calculation 

 
4.1 The Learning Index calculation following GHT pattern. 
 

The Glaucoma Hemifield Test (GHT) is based on the characteristic of glaucoma, 

which damages the superior and inferior fields asymmetrically. The GHT was 

described in details in the Introduction, section 1.5.6. 

 

The GHT evaluates mirror-image clusters of points in the upper and lower fields, in 

order to alert the clinician when significant differences of sensitivity exist between 

the two hemifields.  GHT is comparing these differences by the magnitude of the 

Pattern Deviation probability level at each of five zones on either side of the midline 

(Fig.4.1). Every zone comprises of 3 up to 6 stimulus locations (Asman and Heijl, 

1992a). These 5 mirror zones were used in calculation of the Learning Index, instead 

of the 5 concentric annuli used in Chapter 3. The mean value for each of the 5 mirror 

zones was calculated and combined in a single vector. 

 
Figure 4.1 Graphic illustration of the five zones analysed in the glaucoma hemifield 

test for the right eye  (shaded zones = superior hemifield, no-shaded zones = 

mirrored inferior hemifield). 
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4.1.1 Aim of the study 
 

In this study the Learning Index was calculated following the pattern of GHT. The 

GHT uses empirically determined limits of normality for up-down differences in the 

probability maps of the Humphrey Field Analyzer to detect localized visual field loss. 

It is also constructed to detect field loss that is symmetric around the horizontal 

meridian (Asman and Heijl, 1992a; Boland and Quigley, 2011). 

 

The aim of the study was to evaluate the calculated LI results of asymmetrically 

mirrored locations between the superior and inferior hemifield in the magnitude of 

the Pattern Deviation probability level at either side of midline and to compare the 

results with the method of LI calculations in the same manner to that of Olsson et al 

(1997).  

  

 

4.1.2 Methods 
 
 
4.1.2.1 The cohort 
 
The cohort comprised three different groups of individuals as described previously 

in Chapter 3.  The right eye was always examined first at each of the five visits.  

 

4.1.2.2 Method of LI calculation following GHT pattern. 
 

The LI calculations following the GHT pattern arose by a design in a manner identical 

to that of Olsson et al (1997). Dr Carlo Knupp, Senior Research Fellow in Cardiff 

University undertook the coding for the calculation of LI following the GHT pattern 

(Fig.4.2). 
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Analysis was done in five corresponding pairs of sectors that are based on the 

normal anatomy of the retinal nerve fiber layer. Deviations from the age-corrected 

normal threshold in the most sensitive portions of the visual field are used to detect 

general reductions of sensitivity or abnormally high sensitivities 

 
Figure 4.2 Distribution of data in five zones used for Olsson’s (Olsson, Asman and Heijl, 

1997) complete method of LI calculation (top) and distribution of GHT pattern data in 5 sets 

(green, blue and yellow shaded location areas, plus the nasal locations 19 and 27, and 

central locations 23, 24, 33 and 34) in visual field output of 54 locations in program 24-2 

(bottom). Locations 26 and 35, situated with in the Blind Spot, plus 8 more locations around 

the Blind Spot, were also excluded. 
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4.1.3 Results 
 

The results of the above method are presented as descriptive statistics for Learning 

Index calculation (left panel) and Box and Whisker plots of the Learning Index 

distribution (right panels) for normal individuals, for glaucoma patients and for ocular 

hypertensive individuals, for SITA Standard, SITA Fast and SITA SWAP algorithms, 

for the right and left eye, respectively.  

 

Figures 4.3 to 4.8 illustrate descriptive statistics results of the study (left panel), 

which present no major changes of LI results compared to the complete pattern 

method (Fig 3.17 to 3.22). A good overview of the data distribution of LI results 

calculated with GHT pattern, are the box and whisker plots in figures 4.3 to 4.8.   

 

For SITA Standard algorithm and for normal individuals (Fig.4.3, top) there is a minor 

decrease of LI values, for right eye and noticeable high values for the left eye (Fig. 

4.6), probably due to fatigue, as it is known that the right eye is always tested first. 

For glaucoma patients (Fig.4.4 and 4.7, top), as expected due to the existence of 

defective locations resulting from glaucoma, that could not learn in any case, LI 

values show more variability. Finally for ocular hypertensive individuals (Fig 4.5 and 

4.8, top), lower LI values were observed, as OHT individuals had undergone at least 

5 previous tests and were most likely experienced.  

 

For the SITA Fast algorithm, the normal individuals show a reduced amount of 

variability in the LI values (Fig.4.3, middle), as the median maintains a value just 

under 1,0 after 2nd visit, and likely indicate some fatigue in the left eye data (Fig.4.6, 

middle). On the other hand, glaucoma patients (Fig 4.4 and 4.7, middle) show higher 
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LI variability for the right eye and lower variability for the left eye), and the OHT 

cohort (Fig 4.5 and 4.8, middle) demonstrates lower LI variability, in general. It is 

possible that the reduced variability in the OHT cohort was because they were more 

familiar with perimetry from undertaking previous tests with the SITA Standard 

algorithm. 

 

At last, for SITA SWAP algorithm and for normal cohort (Fig 4.3 and 4.6, bottom) 

more variability for right eye results is noticeable in all visits (most likely due to the 

greater difficulty with the SWAP task than with that for SAP. The glaucoma patients 

continued to present increased LI variability between visits (Fig 4.4 and 4.7, bottom). 

Rather low mean values (mostly for the left eye) and considerable inconsistency in 

results were observed in the OHT cohort, most likely due to the algorithm. 

 

Next figures 4.9 to 4.17 illustrate the Bland and Altman Plots of Learning Index (LI) 

calculation results of both methods, complete and GHT pattern, as a simple way to 

estimate an agreement interval, within which 95% of the differences of the second 

method, compared to the first one fall. 

 

For SITA Standard and normal individuals, the one-sample T-Test of the difference 

(GHT pattern minus complete pattern) does not demonstrate any statistically 

significant difference as for the right eye and for left eye (p > 0.05). The linear 

regression demonstrates less variability at the left eye but the R2 values reveal a 

rather weak association between the two methods, for both eyes. For SITA Fast and 

normal individuals, the one-sample T-Test of the difference reveals  p>0.05 for the 

right eye, and p>0.05 for the left eye, that denotes no statistically significant 
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difference between the two methods. Similar results are found for SITA SWAP in 

normal individuals with one sample T-Test the p value for right eye was >0.05 and 

for the left eye > 0.1 that indicates no significant difference between the two 

methods. 

 

For SITA Standard and OAG individuals, the one sample T-Test of the difference 

(GHT pattern minus complete pattern) demonstrates no significant difference for 

both eyes (p>0.05). The linear regression demonstrates less variability at the left 

eye and a rather weak association between the two methods, for both eyes. For 

SITA Fast and OAG individuals, the one sample T-Test of the difference for both 

eyes (p>0.35), indicates no statistically significant difference between the two 

methods. Comparable is the performance of the results for SITA SWAP and OAG 

individuals where the one sample T-Test  (p>0.05) for both eyes, signify no essential 

difference. 

 

The one-sample T-Test of the difference (GHT pattern minus complete pattern) for 

SITA Standard algorithm and ocular hypertensive individuals, demonstrate no 

statistically significant difference and the linear regression demonstrates less 

variability at the left eye but a rather weak association between the two methods, in 

both eyes.  For SITA Fast and OHT individuals, the one-sample T-Test of the 

difference indicates no statistically significant difference between the two methods, 

and the results for SITA SWAP and OHT individuals the T-Test demonstrates no 

significant difference between the two methods. 
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Figure 4.3. The descriptive statistics (left panel), for the Learning Index for normal 
individuals (right eye), across the five visits, for each of the three algorithms, 
calculated with GHT pattern. Box and Whisker plots (right panel), of the Learning 
Index distribution for the normal individuals (right eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Figure 4.4. The descriptive statistics (left panel), for the Learning Index for OAG 
individuals (right eye), across the five visits, for each of the three algorithms, 
calculated with GHT pattern. Box and Whisker plots (right panel), of the Learning 
Index distribution for the OAG individuals (right eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Figure 4.5. The descriptive statistics (left panel), for the Learning Index for OHT 
individuals (right eye), across the five visits, for each of the three algorithms, 
calculated with GHT pattern. Box and Whisker plots (right panel), of the Learning 
Index distribution for the OHT individuals (right eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Figure 4.6. The descriptive statistics (left panel), for the Learning Index for normal 
individuals (left eye), across the five visits, for each of the three algorithms, 
calculated with GHT pattern. Box and Whisker plots (right panel), of the Learning 
Index distribution for the normal individuals (left eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Figure 4.7. The descriptive statistics (left panel), for the Learning Index for OAG 
individuals (left eye), across the five visits, for each of the three algorithms, 
calculated with GHT pattern. Box and Whisker plots (right panel), of the Learning 
Index distribution for the OAG individuals (left eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Figure 4.8. The descriptive statistics (left panel), for the Learning Index for OHT 
individuals (left eye), across the five visits, for each of the three algorithms, 
calculated with GHT pattern. Box and Whisker plots (right panel), of the Learning 
Index distribution for the OHT individuals (leftt eye), across the five visits, within 
algorithm for SITA Standard (top), SITA Fast (middle) and SWAP (bottom). 
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Normal Cohort 
Algorithm                                                                                SITA    STANDARD 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure 4.9  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA Standard algorithm  and normal individuals at visit 1 (left panel), visit 3 
(middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence 
lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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Normal Cohort 
Algorithm                                                                                       SITA    FAST 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast algorithm  and normal individuals at visit 1 (left panel), visit 3 (middle 
panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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Normal Cohort 
Algorithm                                                                                       SITA    SWAP 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.11  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP algorithm  and normal individuals at visit 1 (left panel), visit 3 
(middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence 
lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OAG Cohort 
Algorithm                                                                                       SITA    STANDARD 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.12  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA Standard algorithm  and OAG individuals at visit 1 (left panel), visit 3 
(middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence 
lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OAG Cohort 
Algorithm                                                                                       SITA    FAST 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                     

 
 
Figure 4.13  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast algorithm  and OAG individuals at visit 1 (left panel), visit 3 (middle 
panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OAG Cohort 
Algorithm                                                                                       SITA    SWAP 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.14  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP algorithm  and OAG individuals at visit 1 (left panel), visit 3 (middle 
panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OHT Cohort 
Algorithm                                                                                       SITA    STANDARD 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.15  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA Standard algorithm  and OHT individuals at visit 1 (left panel), visit 3 
(middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence 
lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OHT Cohort 
Algorithm                                                                                       SITA    FAST 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.16   Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of 
both methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast algorithm  and OHT individuals at visit 1 (left panel), visit 3 
(middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence 
lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OHT Cohort 
Algorithm                                                                                       SITA    SWAP 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.17  Bland and Altman plot of the difference between complete and GHT pattern method  LI results (y axis) against the mean of both 
methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP algorithm  and OHT individuals at visit 1 (left panel), visit 3 (middle 
panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate the 95% confidence lines (+/- 
1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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4.1.4 Discussion 
 
The current study describes an effort to examine whether this design that followed 

the GHT pattern will yield better results of LI calculations than the previous method 

with the complete pattern, as described in Chapter 3.  

 

The results of applying GHT pattern method for LI calculation, for healthy normal 

individuals, lacking perimetric experience, for the SITA Standard algorithm 

demonstrate a minor decrease of LI values for the 3rd test session and a slight 

increase for the 5th session, for both eyes. With SITA Fast algorithm the LI results 

demonstrate a reduced amount of variability that is more evident in right eye. This 

is most likely due to the fact that a considerable number of these individuals 

undergone before some sessions with SITA Standard. As a result, the first 

session of SITA Fast for these individuals may stand for the third or higher test 

session for the right eye. With SITA SWAP algorithm the LI results exhibit rather 

high variability, for both eyes, mostly between the first and fifth visit. Wild and his 

colleagues found similar variation in results of MD, between visit 1 and 5 for 

inexperienced individuals with SITA SWAP (Wild et al., 2006). 

 

For glaucoma patients and SITA Standard algorithm, although more experienced 

in SAP, the results reveal a great discrepancy of LI values. This poor performance 

of glaucoma patients is most likely due to the fact that defected locations cannot 

learn but because of the defects the LI maintains a high value, over repeated test 

sessions.  This is falling in line with the Kulze and associates conclusion that 

learning is positively correlated to defect depth (Kulze, Stewart and Sutherland, 

1990). For ghd SITA Fast algorithm and glaucomatous individuals, the results of 

LI calculation demonstrate higher LI values for the right eye and less for left eye. 
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Higher values were probably expected as the algorithm is very quick for glaucoma 

patients and consequently these individuals show reduced performance.  After 

all, for SITA SWAP the LI values exhibit increased variability between visits. 

According Wild and colleagues, apparent deeper or wider field loss in the initial 

examinations with SWAP compared with that exhibited by SAP in OAG also may 

arise from inexperience in SWAP (Wild et al., 2006). 

 
 

Although ocular hypertensive individuals are quite experienced in SAP they carry 

on the lack of perimetric experience in SITA SWAP. It is unclear why the 

calculated LI values for SITA Standard for both eyes exhibit great discrepancy. 

For SITA Fast algorithm and for both eyes the situation is similar and the results 

of LI calculation exhibit also quite large variation. After all, for SITA SWAP 

algorithm demonstrate a slight reduction of LI values for the 3rd test session and 

a minor raise for the 5th session, for both eyes. In previous study about learning 

effect in OHT patients, Rossetti and colleagues concluded that a significant 

learning effect was apparent at full threshold SWAP algorithm (Rossetti et al., 

2006). A few years later, Fogagnolo and associates studying the behaviour of 

SITA SWAP 24-2 program in OHT individuals, concluded that SITA SWAP is 

affected by a rather small learning effect interfering only the first test, contrary to 

the result of Rosseti’s full threshold SWAP algorithm used earlier (Fogagnolo et 

al., 2010). 

 

 

4.1.5 Conclusions 
 
The present study intended to consider the possibility of incorporation of GHT 

pattern LI calculation to previous complete pattern method. Normal individuals 
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demonstrated a minor decrease of LI values for SITA Standard algorithm, mainly 

in the right eye. With the SITA Fast algorithm, demonstrate a reduced amount of 

variability of LI results, and with SITA SWAP, the LI results exhibit rather high 

inconsistency, for both eyes, mostly between the first and fifth visit. However, 

none of these findings were statistically significant. 

 

For glaucoma patients, although more experienced in SAP, the results for all 

algorithms reveal a great discrepancy of LI values. This poor performance of 

glaucoma patients for SITA Standard is most likely due to the fact that damaged 

locations cannot learn, for SITA Fast probably due to the speed of algorithm and 

for SITA SWAP, probably owed to the difficulty of the blue on yellow algorithm. 

 

Ocular hypertensive individuals exhibit great discrepancy of LI values for all 

algorithms for both eyes, although the performance for SITA SWAP observed 

slightly better although the difficulty of the blue on yellow algorithm. 

 

A visual judgement of the Bland-Altman plots reveals that the points are scattered 

fairly randomly, above and below zero, which in turn suggests that there is no 

consistent bias of one approach versus the other. The one-sample T-Test results 

do not reveal any statistically significant difference between the two methods, and 

as a result the GHT pattern method is therefor not of any important clinical 

interest. 
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4.2 The Learning Index calculation excluding eyelid effect. 
 

Ptosis (or Blepharoptosis) is a downward displacement of the upper eyelid 

margin and can restrict and even block normal vision (fig.4.18). The lid may 

droop only slightly, or it may cover the pupil entirely. It may be noticed that 

even when the lid margin is about a millimeter above the pupil rim some 

obstruction of the field may occur (Fisher, 1967). 

 

Ptosis takes place when the muscles that raise the eyelid (levator and superior 

tarsal muscles) are not strong enough to do so properly and produce partial 

obstruction of vision during visual field assessment commonly in elderly individuals. In 

general, ptosis may affect one or both eyelids, be inherited, be present at birth or occur 

later in life. Usually, the condition of drooping upper eyelids occurs as a result of a 

number of distinct diagnoses, which are treated by different operative procedures (Cahill 

et al, 2011) 

     (a)   (b) 
 

Figure 4.18 Ptosis (drooping eye) of left eye of a normal individual (a) and the 

greyscale printout showing similar damage to glaucoma damage affecting the 

superior visual field (b). 

 
 
4.2.1 Aim of the study 
 
Perimetry is the most common method to find functional visual field loss in 

glaucomatous patients. Typically these patients are of old age and they very 

often suffer from ptosis. In particular, the upper row locations’ values may 
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be omitted during calculation, as these locations of visual field may be 

obstructed just by the lid and not by a potential glaucoma disease. 

 
Then the results of lid effect calculations could be compared with complete 

visual field (no-lid) results and evaluated in order to check the likelihood of 

using this method of calculation to produce a learning index. 

 
 
4.2.2 Methods 
 
4.2.2.1 The cohort 
 
The cohort is the same that used in previous studies and comprised of 

three different groups of normal individuals, glaucoma patients and ocular 

hypertensive individuals. 

 
4.2.2.2 Methods for no-lid L I calculation. 
 
In this study, the method of learning index calculation takes in account the eyelid effect 

(droopy eye or ptosis). The LI calculations following the No-Lid pattern arose by a 

design in a manner identical to that of Olsson et al (1997), except that the upper 

first row of sensitivity values was omitted. 

 

Dr Carlo Knupp, Senior Research Fellow in Cardiff University, undertook the coding 

for the calculation following the pattern of “No Eyelid” as illustrated in figure 4.19 on the 

next page. 
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Figure 4.19  Distribution of data in five zones as Olsson’s (Olsson, Asman and 

Heijl., 1997) complete method of LI calculation (top) and distribution of No Eyelid 

pattern data (bottom) in 5 zones (green, blue, yellow and grey shaded location 

areas, plus the nasal locations 19 and 27). Locations 1 to 4 (top row), were excluded. 
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4.2.3 Results 
 

The results of the above method are presented as descriptive statistics for 

Learning Index calculation (left panel) and Box and Whisker plots of the 

Learning Index distribution (right panels) for normal individuals, for glaucoma 

patients and for ocular hypertensive individuals, for SITA Standard, SITA Fast 

and SITA SWAP algorithms, for the right and left eye, respectively.  

 

Figures 4.20 to 4.22 illustrate the descriptive statistics tables (left panel) and 

Box and Whisker plots of the learning index distribution (right panel) for right 

eye, for all algorithms at all five visits for normal (top), glaucoma (middle) and 

hypertensive cohort (bottom). Figures 4.23 to 4.25 illustrate analogous results 

for left eye. 

 

For SITA Standard algorithm and for normal individuals (Fig.4.20, top) for right 

eye and (Fig. 4.23, top) for the left eye, demonstrate high values of LI, probably 

an indication that individuals did not learn due to their inexperience in perimetry.  

 

For glaucoma patients (Fig.4.21 and 4.24, top), the LI values for right eye 

exhibit slight decrease mainly at fifth test and for left eye the LI results show 

more variability and high values, probably due to increased fatigue.  Finally for 

ocular hypertensive individuals (Fig.4.22 and 4.25, top), the LI results exhibit a 

great discrepancy of values. 

 

For the SITA Fast algorithm, the normal individuals show a slight inconsistency 

of the LI values for the right eye (Fig.4.20, middle), and a rather minor reduction 
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for the third test session for the left eye (Fig.4.23, middle). Glaucoma patients 

(Fig 4.21 and 4.24, middle for the right and the left eye, respectively) exhibit a 

great variability of the LI results,. The OHT cohort (Fig 4.22 and 4.25, middle 

for the right and left eye, respectively) demonstrate quite high variability of the 

LI results. Finally, for SITA SWAP algorithm and for normal cohort (Fig 4.20 and 

4.23, bottom) show a reduced amount of the LI values at the fifth test session, 

for both eyes, most likely due to the greater difficulty with the SWAP task than 

with that for SAP. The glaucoma patients continued to present increased LI 

variability between visits (Fig 4.21 and 4.24, bottom). Rather low LI values at 

third test session (for both eyes) and considerable inconsistency in results were 

observed in the OHT cohort, most likely due to the algorithm. 

 

Next Figures 4.26 to 4.34 include the Bland and Altman Plots of Learning 

Index (LI) calculation results of both methods, complete and No-Eyelid 

pattern, as a simple way to estimate an agreement interval, within which 95% 

of the differences of the second method, compared to the first one fall. 
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Figure 4.20. The descriptive statistics (left panel), for the Learning Index for 
normal individuals (right eye), across the five visits, for each of the three 
algorithms, calculated with No-Eyelid pattern. Box and Whisker plots (right 
panel), of the Learning Index distribution for the normal individuals (right eye), 
across the five visits, within algorithm for SITA Standard (top), SITA Fast 
(middle) and SWAP (bottom). 
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Figure 4.21. The descriptive statistics (left panel), for the Learning Index for 
OAG individuals (right eye), across the five visits, for each of the three 
algorithms, calculated with No-Eyelid pattern. Box and Whisker plots (right 
panel), of the Learning Index distribution for the OAG individuals (right eye), 
across the five visits, within algorithm for SITA Standard (top), SITA Fast 
(middle) and SWAP (bottom). 
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Figure 4.22. The descriptive statistics (left panel), for the Learning Index for OHT 
individuals (right eye), across the five visits, for each of the three algorithms, 
calculated with No-Eyelid pattern. Box and Whisker plots (right panel), of the 
Learning Index distribution for the OHT individuals (right eye), across the five 
visits, within algorithm for SITA Standard (top), SITA Fast (middle) and SWAP 
(bottom). 



 188 

 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

Figure 4.23. The descriptive statistics (left panel), for the Learning Index for 
normal individuals (left eye), across the five visits, for each of the three 
algorithms, calculated with No-Eyelid pattern. Box and Whisker plots (right 
panel), of the Learning Index distribution for the normal individuals (left eye), 
across the five visits, within algorithm for SITA Standard (top), SITA Fast 
(middle) and SWAP (bottom). 
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Figure 4.24. The descriptive statistics (left panel), for the Learning Index for 
OAG individuals (left eye), across the five visits, for each of the three algorithms, 
calculated with No-Eyelid pattern. Box and Whisker plots (right panel), of the 
Learning Index distribution for the OAG individuals (left eye), across the five 
visits, within algorithm for SITA Standard (top), SITA Fast (middle) and SWAP 
(bottom). 
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Figure 4.25. The descriptive statistics (left panel), for the Learning Index for OHT 
individuals (left eye), across the five visits, for each of the three algorithms, 
calculated with No-Eyelid pattern. Box and Whisker plots (right panel), of the 
Learning Index distribution for the OHT individuals (leftt eye), across the five 
visits, within algorithm for SITA Standard (top), SITA Fast (middle) and SWAP 
(bottom). 
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Normal Cohort   
Algorithm                                                                                SITA    STANDARD 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 4.26.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Standard algorithm  and normal individuals at visit 1 
(left panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines 
illustrate the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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Normal Cohort 
Algorithm                                                                                       SITA    FAST 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.27.  Bland and Altman plot of the difference between complete and N0-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast algorithm  and normal individuals at visit 1 (left 
panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate 
the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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Normal Cohort 
Algorithm                                                                                       SITA    SWAP 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.28.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP algorithm  and normal individuals at visit 1 
(left panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines 
illustrate the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OAG Cohort 
Algorithm                                                                                       SITA    STANDARD 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.29.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Standard algorithm  and OAG individuals at visit 1 
(left panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines 
illustrate the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OAG Cohort 
Algorithm                                                                                       SITA    FAST 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.30.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast algorithm  and OAG individuals at visit 1 (left 
panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate 
the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OAG Cohort 
Algorithm                                                                                       SITA    SWAP 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.31.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP algorithm  and OAG individuals at visit 1 (left 
panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate 
the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OHT Cohort 
Algorithm                                                                                       SITA    STANDARD 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.32.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Standardt algorithm  and OHT individuals at visit 1 
(left panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines 
illustrate the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OHT Cohort 
Algorithm                                                                                       SITA    FAST 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.33.   Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA Fast algorithm  and OHT individuals at visit 1 (left 
panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate 
the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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OHT Cohort 
Algorithm                                                                                       SITA    SWAP 
Visit                           1                                                                          3                                                                           5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.34.  Bland and Altman plot of the difference between complete and No-Eyelid pattern method  LI results (y axis) against the 
mean of both methods (x axis), for right eye (top) and left eye (bottom), for SITA SWAP algorithm  and OHT individuals at visit 1 (left 
panel), visit 3 (middle panel) and visit 5 (right panel). The reference line for mean difference is the red line, the blue dot lines illustrate 
the 95% confidence lines (+/- 1.96xSD) and the green line is the linear regression line for the referenced R2 value. 
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4.2.4 Discussion 
In order to compare the No Eyelid pattern method with the original complete 

pattern method, the Bland and Altman plots were implemented. These plots 

show that the majority of the points are scattered all over the place, above and 

below zero, which suggests that there is no consistent bias of one approach 

versus the other (of course, there could be hidden biases that this plot does not 

show up). The presentation of the 95% limits of agreement does not provide 

power to the judgement that the two methods of measurement agree, as the 

range between these two limits is quite large. From a clinical point of view, the 

No Eyelid method do not propose any new or innovate aspect in the learning 

index development.  
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4.3 The Learning near the defective areas in the visual field of glaucoma 
patients. 

 
 

4.3.1 Aim of the study 
This study investigates the learning at border locations near the defective areas 

of visual field in glaucoma patients in order to evaluate whether these locations 

demonstrate any improvement of sensitivity after repeated visits and compare 

this to possible improvement of learning index.  

 
4.3.1.1 Cohort 
 
The open angle glaucoma group who took part in this study consisted of 25 

individuals (17 females and 8 males) with primary open angle glaucoma with 

a mean age of 63 years (SD 8.3; range 46-73 years). Two male glaucoma 

patients were selected to serve as examples and the locations were selected 

to be in the inner border area of the defective locations and arranged in a 

concentric manner. 

 

4.3.2 Methodology 
 
For the evaluation of the possible improvement in sensitivity values at the inner 

border locations to the defective areas, the chosen algorithm was SITA SWAP. 

Although it is an algorithm that normally is difficult for the patient in comparison 

to SITA Standard and SITA Fast, however, numerous researchers suggest 

SITA SWAP as a more sensitive algorithm to locate early changes of glaucoma 

defects. Having in mind that these patients were not naive to perimetry they 

faced the least difficulty due to the algorithm, compared to other individuals who 

had perimetry for the first time. 
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Furthermore, the right eye was selected as it was always first tested at all visits. 

This has the advantage of involving least risk of fatigue compared to left eye 

results. Thinking also that many investigators suggest that the periphery learns 

more than the central visual field locations the selected locations were, where 

possible, in an inner ring-shaped line close to the defect in the periphery.  

 

In other words, locations that exist near a defective area (in Fig. 4.35 and 4.36 

illustrated full visual field printout) were evaluated for visit 1, visit 3 and visit 5, 

respectively. The defective areas of these visual fields were likely not to show 

any improvement, as damaged locations cannot see and consequently cannot 

learn. 
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Figure 4.35.  Visual Field printouts of visit 1 and selection of near defect locations to 

compare (example subject 1). 
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Figure 4.36.  Visual Field printouts of visit 3   and selection of near defect locations to 

compare (example subject 1). 
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Figure 4.37.  The near defective areas stimulus locations to compare for a glaucoma 

individual’s visual field output at visit 1 (left) and the corresponding designation (right) 

for the coding of the LI calculation method (example subject 1). 

 

 

 

 

    

 
Figure 4.38.  The near defective areas stimulus locations to compare for a glaucoma 

individual’s visual field output at visit 3 (left) and the corresponding designation (right) 

for the coding of the LI calculation method (example subject 1). 
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Figure 4.39.The near defective areas stimulus locations to compare for a glaucoma 

individual’s visual field output at visit 5 (left) and the corresponding designation (right) 

for the coding of the LI calculation method (example subject 1). 
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Table 4.1.  The near defective areas locations sensitivity of the right eye visual field of 

a glaucoma patient at visit 1, visit 3 and visit 5 and the corresponding proportional (%) 

improvement of sensitivity between visits (example subject 1). 
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Figure 4.40.  The near defective areas stimulus locations to compare for a glaucoma 

individual’s visual field output at visit 1 (left) and the corresponding designation (right) 

for the coding of the LI calculation method (example subject 2). 

 

 

Figure 4.41.  The near defective areas stimulus locations to compare for a glaucoma 

individual’s visual field output at visit 3 (left) and the corresponding designation (right) 

for the coding of the LI calculation method (example subject 2). 
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Figure 4.42.  The near defective areas stimulus locations to compare for a glaucoma 

individual’s visual field output at visit 3 (left) and the corresponding designation (right) 

for the coding of the LI calculation method (example subject 2). 
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Table 4.2.  The near defective areas locations sensitivity of the right eye visual field of 

a glaucoma patient at visit 1, visit 3 and visit 5 and the corresponding proportional (%) 

improvement of sensitivity between visits (example subject 2). 

 

4.3.3 Discussion  
 
 
The study describes an attempt to consider if the near defect locations area 

enhance or diminish the end result of learning index of the entire visual field. 

Figures 4.35 and 4.36 demonstrate single visual field printouts of visit 1 and 

visit 3 respectively, where in the numerical chart is illustrated the selection of 

ring-shaped area bordered to defective locations. These locations are taken as 
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defective because data do not show a significant improvement on subsequent 

visits. 

 

In figure 4.37, the study identifies and associates the corresponding locations 

for a glaucoma individual’s visual field output at visit 1 (left) with the designation 

of the coding calculation diagram (right) of the learning index as described in 

Chapter 3. 

 

In figure 4.38, the study relates the corresponding locations for a glaucoma 

individual’s visual field output at visit 3 (left) with the coding designation (right)  

and figure 4.39 at visit 5,  respectively.  

 

Next page table 4.1 illustrates a concise descriptive table of  the sensitivity 

values  of all selected locations at visits 1, 3 and 5 and the percentage 

proportion of change between visit 1and 3 and visit 3 and 5, respectively. And 

the mean, median and standard deviation of this ring-shaped selected area 

compared with the entire learning index at visits 1, 3 and 5. This  comparison 

show clearly that the increase of  mean sensitivity  at  visits 3 and 5 coresponds 

to a decline of learning index at the respective visits which is an indication that 

these areas do not produce any negative effect at learning index calculation, 

but the index is reduced  as these locations begin to learn.  

In figure 4.40, the study relates the corresponding locations for a second 

glaucoma individual’s visual field output at visit 1 (left) with the coding 

designation (right) and figures 4.41 and 4.42, at visit 3 and 5, respectively.  
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Next page table 4.2, similar to table 4.1, demonstrates a concise descriptive 

table of  the sensitivity values  of all selected locations at visits 1,3 and 5 and 

the percentage proportion of change between visit 1 and 3 and visit 1 and 5, 

respectively.  

 

The mean, median and standard deviation of this ring-shaped selected area 

were compared with the entire learning index at visits 1, 3 and 5. This 

comparison showed that at visit 3, where the mean sensitivity of selected 

locations declined, the learning index increased, as an indication that these 

areas may not learn and decreased again at visit 5, when the mean sensitivity 

has a positive change, which is an indication that these areas do not produce 

any negative effect at learning index calculation, but the index reduces as these 

locations learn. 

 
These two examples are indicative of the fact that learning effect often is related 

to other factors apart from learning, which mask the learning effect, like fatigue 

or concentration loss of the examined individual. 

 
 
4.3.4 Conclusions  
 

The present study aimed to match up the contribution of a selected set of 

locations in the border of defective areas to the configuration of the learning 

index of the entire visual field of glaucoma patients  

 

Glaucoma patients, exhibit increased variability in sensitivity for SITA SWAP 

algorithm, usually due to the difficulty of the specific test. On the other hand is 
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believed to be the most sensitive algorithm for early glaucoma detect.  In the 

present study two glaucoma patients were selected from the glaucoma cohort. 

The criteria to select these 2 example subjects were at first the severity of 

defects. The severe glaucoma patients and the very early glaucoma individuals 

were excluded, either because the severe cases could produce much difficulty 

to identify the learning, or in early glaucoma cases where the defective areas 

may be difficult to be spotted in a concentric manner. From the rest moderate 

glaucoma individuals were selected two that demonstrated quite concentric 

defective areas in similar manner as the concentric model of learning index 

calculation.  Only the visual field output of their right eye was assessed, as was 

the one that was measured always first at all visits, in order to eliminate the 

fatigue effect transfer between eyes.  

 

The comparison included the 1st visit that by and large exhibits the maximum 

sensitivity variability and a high learning index, the 3rd visit as it is the visit by 

which regularity of learning seems to be completed and the 5th visit where the 

learning in any case is over (Wild et al., 2006).  

 

The SITA SWAP algorithm was selected the difficulty of the used pathway, 

mainly because clinicians considered that SWAP could reveal glaucomatous 

field loss earlier than SAP (Jampel et al., 2011).  

 

In practical terms, however, it is difficult to consider how the LI may be useful 

when used in this way. Such an approach is highly subjective and time-
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consuming, given that visual field defects must be identified, quantified, and 

input manually in order to calculate the learning index. 
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5 CHAPTER FIVE - A novel approach assessing learning in 

visual field output 
 

In this advanced method to assess a learning index, different types of filters 

have been applied to the first visit printout in order to simulate it as to be the 

third or fifth visit printout by filtering the noise, which probably as the first test 

mostly includes the learning effect.   

 

5.1 Introduction to filters 
 
A signal can be defined as the physical carrier of information (Astola and 

Kuosmanen, 1997). By and large, a signal is an official description of an 

observable fact that evolves time or space (Ruelle, 1987. By signal processing 

any manual or “mechanical” operation could be designated, which may modify, 

analyse or otherwise manipulate the information contained in a signal 

(Baraniuk, 2003). 

 

A signal can be mathematically represented in many ways. A natural 

representation of a signal is a function f(x), where x denotes a variable. The 

representation of light waves carrying information from a scene to the eye is 

quite complicated but the final image is simply represented as a function of two 

variables f (x,y). For example, in a black and white image the (x,y) is the spatial 

location of the point in the image and f(x,y) is the brightness value of that point. 

A colour image is represented as a vector valued function [R(x,y), G(x,y) and 

B(x,y)], where R, G and B are the intensities of red, green and blue colours, 

respectively (Astola and Kuosmanen, 1997).   
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A crude division of signal problems may include three phases. The first is the 

removal of interference, the second may be the signal transformation to another 

form and finally the analysis and extraction of some characteristics (Oppenheim 

and Verghese, 2010) 

 

Noise in the majority of signal systems is a product of both internal and external 

sources to the system. All measurements in the real world are bothered by 

noise. In fact, a noisy signal consists of electronic noise, but can also 

incorporate external procedures that affect the considered phenomenon — 

wind, vibrations, differences of temperature, deviation of humidity, etc., and 

depend on the measured matter and on the sensitivity of the device of 

measurement.  

 

Signal-to-noise ratio is a determination used in science to compute how much 

a signal has been distorted by noise. It is the relation between signal strength 

and the noise influence, which distorts the signal. It is recognized as the power 

ratio between the significant information (signal) and the useless signal (noise): 

In practice, if the transmitted signal falls below the level of the noise in the 

system, data can no longer be decoded or evaluated by the receiver. More often 

than not, it is possible to decrease the noise if you control the environment or 

the source event. Mainly this could be done using different types of filters.  

 

The objective of any type of filter is to extract the noise that has distorted the 

signal. Generally it is based on a statistical approach. However, the design of 

some filters takes a different approach. One filter design makes it possible to 
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have data of the properties of both the initial signal and the noise, and another 

one may look for the output that would come as close to the unique signal as 

possible. 

 

5.2 Common types of filters 
 
Mean filtering is a simple, spontaneous and easy to implement method of 

smoothing results, i.e. reducing the amount of intensity variation between one 

value and the next. Often it is based around a 3×3 square kernel (fig.5.1), which 

represents the shape and size of the neighbourhood to be sampled when 

calculating the mean. The Mean filter replaces each pixel value in a system with 

the mean or the average value of its neighbours, including itself. This has the 

effect of eliminating values that are unrepresentative of their surroundings.  

 

Figure 5.1 Schematic representation of mean filtering in a 3X3 kernel, where after the 

summation of the values of the neighbourhood, they are divided by the total number of 

pixels and the result value replaces the original one. 

 

Two main problems are evident with mean filtering. Firstly that a single location 

with a very misleading value, can significantly affect the mean value of all the 

other locations in its neighbourhood, and secondly, when the filter 
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neighbourhood overlaps an edge, the filter will interpolate new values for 

locations on the edge, as we require sharp edges in the output and so the filter 

will blur that edge and the overall appearance may look fuzzy or blurry. 

 

Figure 5.2 Schematic representation of median filtering in a 3X3 kernel where 

after setting the values of the neighbourhood in ascending array the median of 

these values is selected to replace the original one. 

 

One more common non-linear filtering technique, used to remove noise, 

employs the median filter. Median filtering is extensively applied in digital 

processing as it maintains edges while getting rid of noise. This technique 

calculates the median of the surrounding locations to determine the new value 

of the location. A window of size 3*3 is taken (fig.5.2). The nine elements in this 

window are stored in an array and then these elements are sorted in ascending 

order of their pixel values. The median is calculated from these sorted pixels 

and then the centre element of the 3*3 kernel is replaced by this median value. 
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Figure 5.3 Schematic representation of weighted median filtering in a 3X3 kernel, after 

multiplying the neighbourhood values with the corresponding weights the summation 

is divided by the overall weight and the resulting value replaces the original one. 

 

Weighted Median (WM) filters are another type of filters, which have the 

robustness and edge preserving capability of the classical median filter and are 

similar to linear filters in certain properties. In WM filtering a window of a 3X3 

kernel is used (fig.5.3) in the example shown. All nine value of the 

neighbourhood are multiplied by the nine corresponding values of the weight. 

The summation of these nine products divided by the total weight gives the 

filtered value to replace the respective initial pixel value.  Weighted Median 

filters belong to the broad class of non-linear filters and enable noise 

attenuation capability, where intensity values are examined and depending on 

the range of intensity, particular weights are multiplied. 

 

 

5.3 Filtering the perimetric results 
 
Automated perimetry is widely used for the detection and follow up of 

glaucomatous field loss. The most important component of perimetric 
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estimation is the assessment of the pointwise sensitivity or threshold variation 

in visual field data. Especially the early glaucomatous field loss is characterised 

by this variability and fluctuation (Crabb et al. 1995; Fitzke et al., 1995; Gardiner 

et al., 2004; Nevalainen et al, 2009; Kirwan et al., 2014).  

 

The Humphrey Field Analyser (HFA) is typical of advanced perimeters in 

providing the clinician with a series of mechanisms to quantify and interpret this 

pointwise sensitivity variation and threshold fluctuation. The Single Field 

Analysis printout illustrates a numeric sensitivity chart, on the left of the 

grayscale graph, for the central 30 degrees of the eye field (fig. 5.4). A signal is 

a sequence of functions of integers (f: z = R). So, the data i.e: 21, 22, 21, 19, 

21, 23, 21, 24, 21, 19, 21, 20, ….if it is a sequence of real values, could be a 

signal. In the visual field numeric printout there are many sequences of different 

values. 

 

Figure 5.4 The numeric chart of the HFA visual field output (middle) and the grayscale 

graph (right) and the corresponding table of sensitivity values of the visual field numeric 

chart to the data locations (left), for the right eye of a glaucoma patient. 
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This numeric chart if deployed as a series of values, following the location map 

as in figure 5.4, it could be a signal, which may well be processed with any 

common filter to remove the unnecessary noise as in the block diagram in fig. 

5.5. 

 

 

Figure 5.5 Block diagram illustrates the phases of denoising visual field printout. 

 

 

5.4 Previous studies of Visual Field filtering 
 

Initially, Fitze et al, (1995) introduced a method of improving the repeatability of 

visual field data by applying techniques used in image processing. Crabb and 

colleagues (1995) demonstrated a new framework for evaluating pointwise 
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sensitivity variation in computerised visual field. Furthermore, Crabb and 

associates  (1997) show how the predictive performance of a method for 

determining glaucomatous progression in a series of visual fields can be 

improved by first subjecting the data to a spatial filtering technique (Fitze et al., 

1995; Crabb et al., 1995; 1997).  

 

They also concluded that the spatial filter decreases the number of false-

positives when detecting progression by reducing the level of noise present. In 

addition, the filter increased the likelihood of detecting true deteriorating 

locations of the visual field and reduced the probability of flagging not viable 

defects (Crabb et al., 2003).  

 

In this method, the raw sensitivity value is replaced by one derived from a linear 

combination of the sensitivities at the nine points in a 3X3 square centered on 

the point of interest. This is repeated for each point in the field in turn, each time 

looking at the points in a square surrounding the point of interest. 

 

Strouthidis and colleagues (2007) concluded that application of the spatial filter 

resulted in similar specificity but with a higher rate of detected progression. This 

filter may therefore be useful in the monitoring of glaucomatous progression as 

it may reduce the dependence on confirmatory testing, although it has yet to be 

applied to longitudinal SITA data (Strouthidis et al., 2007). 

 

Gardiner and associates (2004) tested a physiologically accurate spatial filter 

to be applied to the data after patient examination, by impeding the quantity of 
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noise present in the readings (Gardiner et al., 2004). A Virtual Eye computer 

simulation was used to test the filter. 

 

Figure 5.6 Gardiner’s proposed Predictor filter with the group of points 

connected with lines of different thickness, named as k-factor (right table)  for 

the applied  filter (after Gardiner et al., 2004). 

 

The filter obeys the rules of the accepted physiological shape of the retinal 

nerve fibre layer. Fig.5 6 illustrates a few of the Central Points that are employed 

to the filter. If a point is connected to the Central Point by a line, it indicates that 

this point is a predictor for the Central Point. As noted in the table at the right of 

the graph, the thicker the line, the larger the effect it has on the prediction. The 

remaining contribution to the filtered value comes from the Central Point itself. 

It is seen that predictors are not necessarily neighbours of the Central Point (as 

they would be if the Gaussian filter was being considered), but they follow the 

expected arcs (Gardiner et al., 2004).  

 

Additionally, the performance of Gardiner’s filter, according to the study, was 

much better than the Gaussian filter. By the way, it was common for defects to 
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be blurred out by the Gaussian filter. To this point, this is really difficult given 

the inaccuracy of threshold perimetry (in terms of the high inter-test and intra-

test variability) and the various components of variability (or noise) associated 

with the perimetric process (Flammer, Drance and Zulauf, 1984; Wild et al., 

1991; Spry and Johnson, 2002). 

 

5.5 Aim of the study 
 

 

The design of this study involved performance evaluation of different filters on 

visual field output. The critical arrangement was to develop a code to combine 

statistics with a workable diagnostic system that is capable of detecting 

deterioration of visual field in the early stages of glaucoma. Moreover, to 

develop a system that could predict improvement or deterioration of the tested 

visual field of a glaucoma suspect, most likely after the first or second visit and 

not to expect to conclude after the completion of the fifth visit assessment.   

 

In other words, the plan was to apply a set of different filters in order to select 

the most efficient one that could remove the most of the noise of the test 

printout, of which probably the greater part of this removed noise could be the 

component of the learning effect, as it was expected to be at the first or second 

session. The common mean and median filters were initially used and later on 

an adapted or Hybrid filter was designed in a similar philosophy to Gardiner’s 

Predictor filter. In case of real visual field deterioration, as in most of the OAG 

patients’ printouts, the filter expected not to denoise much learning, as the 

defected locations could not learn any more. At the same time, a comparison 

with the learning index, as calculated in chapter 3, throughout the five sessions, 
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could give an indication of the index power and the relationship with the field 

progression in order to be used as a prognostic index of learning from a clinical 

point of view. 

 

5.6 Methods 
 

5.6.1 Cohort 
 

The design of the study included normal individuals that were naïve to any type 

of perimetry and could be expected to improve over the five sessions for all 

types of perimetry and OAG patients that would improve over the five visits for 

the SITA algorithms, except SITA Standard given their previous experience. 

These two groups were described in Chapter 3.  

 

The OHT individuals were not used in the study mainly because these 

individuals were quite experienced in SITA Standard and SITA Fast algorithms 

and were not expecting to learn any more for these algorithms.  Also, these 

individuals in LI calculation studies (chapter 3) demonstrated erratic results for 

SITA SWAP algorithm. 

 

5.7 Results 
 

Initially, Dr. Frank Rakenbrant, Mathematician, designed and modified two 

filters by integrating the well known mean and median filters in MatLab© 

(Version 7.5, 2007) environment that was used in previous similar studies 

(Crabb et al, 1995; 1997), by coding the modules files for the appropriate 

applying method. 
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Afterwards, taking into account the details of the study data, an Adaptive or 

Hybrid filter was designed following the deployment of the optic nerve fibre 

layers of the retina (fig.5.7 at the right-top) and selecting different weights 

(fig.5.7, right column) depending on the locations of posible glaucoma defects, 

in proportion to the Garway-Heath and associates study (Garway-Heath et al., 

2000; Gardiner et al., 2004). 

 

Figure 5.7 Graphic illustration of the design of a Hybrid filter according to the 

deployment of the optic nerve bundles. The numbers of group points (middle column) 

all over the field follow the bundles of the retinal nerve fiber layers (after Garway-Heath 

et al., 2000) at the top-right of the illustration and the weight (right column) that was 

calculated from the sensitivity variation of the particular group of points in the retinal 

bundles.  

 

Therefore, Figure 5.8 illustrates the result of applying the mean 

(SENS1mean3s.mat) and the median (SENS1median3s.mat) types of filters, 

respectively, to the sensitivity printout of a normal individual right eye, to the 

visual field printout at all visits, for SITA Standard algorithm.   
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Figure 5.9 illustrates the difference of applying the mean (SENS1mean3s.mat) 

and the median (SENS1median3s.mat) types of filters, respectively; The 

learning index (LI)  in both figures 5.9 and 5.9, at every visit is the index as 

calculated previously by the method described in chapter 3. 

 

Figure 5.10 illustrates the graphical representation of filtering results, for the 

right eye of a normal subject visual field, for all visits and SITA Standard 

algorithm. The first column on the left illustrates the Total Deviation probability 

values. The second column from the left demonstrates the raw sensitivity 

values printout for every visit. The third column from the left demonstrates the 

sensitivity values after applying the adaptive/hybrid (SENSNovels.mat) filter. 

Subsequently, the 1st visit filtered outcome can be compared with the 3rd visit 

raw sensitivity chart.   

 

Figure 5.11 represents the filtering results, for the same subject and algorithm, 

as in fig. 5.10 but the 1st visit filtrated outcome can be compared with the 5th 

visit raw sensitivity chart. 

 

Figure 5.12 illustrates the filtering results, for the right eye of a mild glaucoma 

patient’s visual field, for all visits and SITA Standard algorithm. The 1st visit 

filtered outcome can be compared with the raw sensitivity values of 3rd visit and 

with the raw sensitivity of 5th visit and the matching locations of the visual field 

is coloured yellow. Next figure 5.13 demonstrates the same glaucoma patient, 

as in fig. 5.12 for all 5 visits but at this time for SITA SWAP algorithm.  
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The Graphical representation of 1st visit raw sensitivity filtered outcome for the 

right eye of a normal subject’s visual field after applying the adaptive hybrid  

(SENSNovels.mat) filter to the Total Deviation probability values, with purpose 

to compare with the 3rd visit raw sensitivity chart, where the matching area of 

the visual field is coloured yellow. The right eye was selected as the always first 

measured and consequently having the least fatigue that may mask the 

learning effect.  

 

On the other hand, figures 5.14 and 5.15 illustrate the discrepancy of sensitivity 

elevation of raw data versus the data after the use of the adaptive filter, for the 

right eye of normal subjects and OAG patients respectively, for SITA Standard 

(Top) and SITA Fast (bottom) strategies, at all five visits and the median 

learning index at every visit for an effortless comparison with the sensitivity 

change 
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Figure 5.8 Graphical representation of filtering results for the right eye of a normal 

subject’s visual field, for all visits and  SITA Standard algorithm. The first from the left 

column illustrates the Pattern Deviation probability values, the second column the raw 

sensitivity values and the third and fourth column the sensitivity values after applying 

the mean (SENS1mean3s.mat) and the median (SENS1median3s.mat) filter, 

respectively. The learning index (LI) is the index as calculated previously by the 

method described in chapter 3. 
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Figure 5.9 Graphical representation of filtering results difference from raw sensitivity 

values, for the right eye of a normal subject’s visual field, for all visits and SITA 

Standard algorithm. The first from the left column illustrates the Pattern Deviation 

probability values, the second column the raw sensitivity values and the third and fourth 

column the mean (SENS1mean3s.mat) and median (SENS1median3s.mat) filter 

difference from raw data after applying the filter, respectively.  The learning index (LI) 

is the index as calculated  previously by the method described in chapter 3. 
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Figure 5.10 Graphical representation of filtering results, for the right eye of a normal 

subject’s visual field, for all visits and the SITA Standard algorithm. The first from the 

left column illustrates the Total Deviation probability values, the second column the 

raw sensitivity values and the third column the sensitivity values after applying the 

adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered outcome can be 

compared with the 3rd visit raw sensitivity chart, where the matching locations of the 

visual field are shaded yellow.  
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Figure 5.11 Graphical representation of filtering results, for the right eye of a normal 

subject’s visual field, for all visits and the SITA Standard algorithm. The first from the 

left column illustrates the Total Deviation probability values, the second column the 

raw sensitivity values and the third column the sensitivity values after applying the 

adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered outcome can be 

compared with the 5th visit raw sensitivity chart, where the matching locations of the 

visual field are shaded yellow.  
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Figure 5.12  Graphical representation of filtering results, for the right eye of a glaucoma 

patient’s visual field (with mild defects), for all visits and the SITA Standard algorithm. 

The first from the left column illustrates the Total Deviation probability values, the 

second column the raw sensitivity values and the third column the sensitivity values 

after applying the adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered 

outcome can be compared with the 3rd visit raw and with the 5th visit raw sensitivity 

chart, where the matching locations of the visual field are shaded yellow.  
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Figure 5.13 Graphical representation of filtering results, for the right eye of a glaucoma 

patient’s visual field (with mild defects), for all visits and the SITA SWAP algorithm. 

The first from the left column illustrates the Total Deviation probability values, the 

second column the raw sensitivity values and the third column the sensitivity values 

after applying the adaptive hybrid  (SENSNovels.mat) filter. The 1st visit filtered 

outcome can be compared with the 3rd visit raw and with the 5th visit raw sensitivity 

chart, where the matching locations of the visual field are shaded yellow.  
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Figure 5.14. Graphical illustration of the discrepancy of sensitivity elevation for the right 

eye of normal subjects of raw data and data after the use of the adaptive filter, for SITA 

Standard (Top) and SITA Fast (bottom) strategies, at all five visits. Median L.I. is the 

median learning index at every visit. 
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Figure 5.15  Graphical illustration of the discrepancy of sensitivity elevation for the right 

eye of OAG patients of raw data and data after the use of the adaptive filter, for SITA 

Standard (Top) and SITA Fast (bottom) strategies, at all five visits. Median L.I. is the 

median learning index at every visit. 
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5.8 Discussion 
 

The learning effect is a key issue in many psychophysical tests. Commonly, it 

is believed that the individual experience manipulates the results of automated 

perimetry (Heijl, Lindgren and Olsson, 1987). A number of studies 

demonstrated that healthy and glaucomatous individuals could exhibit a 

learning effect with repeated standard automated perimetry testing for three of 

five sessions (Heijl and Bengtsson, 1996; Nordmann et al., 1998; Schimiti et 

al., 2002; Pierre-Filho et al., 2006;’ Salvetat et al., 2007; Castro, Kawase and 

Melo Jr., 2008). 

 

In the present study, results confirm that a visual field printout can be filtered to 

predict a close to the normal output of the field after three or five visits, if a 

special filter for the particular data could be designed. At the same time, findings 

suggest that the learning index might, in some patients, give a reasonable 

indication that the first visual field printouts are masked by a learning effect and 

that they may improve in subsequent sessions. 

 

In previous similar studies (Crabb et al, 1995; 1997; Gardiner et al., 2004) 

observed that the median filter preserves the edges much better than the mean 

filter. Subsequently, taking into account the deployment of the optic nerve fibre 

layers of the retina in a similar design of the Garway-Heath and associates 

study (Garway-Heath et al., 2000) an Adaptive or Hybrid filter was designed 

again in MatLab and a promising issue of prediction of later test results was 

evident.  
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Evaluation between plots of sensitivity elevation discrepancy throughout the 

five visits and the learning index, easy could reveal that the learning index may 

be used as an indication of improvement in healthy individuals and in OAG 

patients. Of course it is important to emphasize that in these plots data comes 

only from the right eye of the examined Individuals, given that healthy group 

were naïve of SAP and as a result they would experienced minimum fatigue 

and glaucoma patients, as experienced in perimetry would have the least 

fatigue effect on the learning index. 

 

 

5.9 Conclusions 
 
One of the difficulties for the clinician is the tenacity of an unstable 

psychophysical behaviour in variability (signal and noise) of the visual fields.  

The result from one test suggests that the patient is normal (no glaucoma), 

while the result from the other test shows that the same patient may be 

abnormal (having glaucoma). 

 

In present study, an alternative way of dealing with noisy data was introduced. 

A method of filtering the visual field results would be contemporary adaptive 

hybrid filters.  This is a promising approach to identify and eliminate 

measurement noise in the visual field tests and to predict, after filtering the first 

examination outcome, the likely visual field outcome of the third or the fifth visit. 

 

The median or mean filters were initially used but in preserving details both of 

the filters have quite serious problems. The comparative performances are 

showing that the median filter completely eliminates very fine details while the 
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mean filter blurs them but leaves something of the detail. The median filtered 

visual field looks markedly better. The main reason is that the remaining error 

is spread differently over the entire visual field for the mean. The mean filter 

leaves a small annoying blob of each impulse, while the median filter appears 

to handle the impulses very well. 

 

The early indication of glaucoma gives the clinician the opportunity for efficient 

treatment, comfort for the patient and minimal financial expanses for both the 

individual and the state or private insurance company.  Although the past years 

a large amount of information has been obtained concerning the visual fields 

behaviour, the future gold standard of glaucoma test, is not yet available for the 

glaucoma patients at hand. 
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SECTION C:  DISCUSSION OF THE THESIS 

6 CHAPTER SIX - Discussion of the Thesis 

 
6.1 General discussion 
 

Visual field testing is the most complete and diagnostically essential method of 

visual assessment for glaucoma, other optic nerve diseases and damage to the 

central visual pathways. Perimetry is the systematic measurement of the visual 

field function.  In normal subjects, the retest variability of perimetry remains low 

(Heijl, Lindgren and Olsson, 1987; Wall et al., 2001). However, retest variability 

increases substantially with moderate visual field damage identified by SAP 

(Wall et al., 1999; Henson et al., 2000; Kutzko, Brito and Wall, 2000).  

 

This high variability extensively limits early and reliable determination of visual 

field change. Thus, it is of critical importance to develops trustworthy methods 

to quantitatively discriminate progression of glaucomatous visual field loss from 

long-term variability. Such techniques are needed for the better clinical 

management of patients, and for the clinical research of glaucomatous optic 

nerve damage (Wall, 2004). 

 

Perimetric variability occurs on many levels. First, it occurs on a neuronal level. 

Since, in most methods, the subject is required to respond to a sensory visual 

system stimulus, usually by pressing a response button, a variety of variables 

need to be controlled to achieve a reliable test. Initially, the patient must be 

instructed properly (Werner et al, 1989). Other cognitive factors are subject 

motivation and the effects of visual fatigue.  Besides the variability from 
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cognitive factors and neuronal firing rates, characteristics of the test 

methodology such as stimulus properties and testing strategy are essential. 

 

Since automated perimetry hands over the stimulus presentation control and 

response recording to a computer, variability due to technique differences 

among perimetric examiners has been reduced. In spite of greater control of 

stimulus parameters with automated instrumentation, variability of conventional 

automated perimetry in areas of visual field damage remains high (Werner et 

al, 1989; Wall et al., 1996; Smith, Katz and Quigley, 1996)).  

 

Werner suggested that clinicians should not make decisions about glaucoma 

progression in glaucomatous subjects without at least six visual field results in 

hand. After a learning period of a number of visual fields, results of normal 

subjects retested four to five times over a one-month period present stabilized 

improvement (Werner et al, 1989).   

 

However, the situation is different for automated perimetry results of individuals 

that present with optic nerve damage. Therefore, the most clinically important 

regions are ones in which determination of sensitivity change is most difficult, 

since these are defective locations (Flammer, Drance and Schulzer, 1983; 

Flammer et al., 1984; Flammer, 1985; Werner , Ganiban and Balazsi, 1991; 

Wall, 2004). 

 

Several studies have reported learning effects both in glaucoma and in healthy 

individuals. As a result, a change in the threshold sensitivity can be expected 
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between the first two sessions of perimetry performed by an inexperienced 

individual.  

 

In the present thesis, three groups of individuals were investigated for learning 

effect and the likelihood of a learning index establishment, in three different 

studies. These groups comprised by the normal individuals, the open angle 

glaucoma patients and the ocular hypertensive subjects.  Normal individuals 

were categorized on the basis of normal findings from the clinical examination. 

The normal individuals (according to Castelberg , 2010) had no experience in 

any type of perimetry before their first test and a normal appearance of the field 

was defined after Morgan and colleagues (2005). The glaucoma patients and 

the OHT individuals, according to the Castelberg thesis, were experienced in 

SAP and naïve to SITA SWAP. Individuals with OAG were categorized on the 

basis of an optic nerve head, viewed by stereo-observation, characteristic of 

the disease including generalized or focal thinning of the neuro-retinal rim, disc 

asymmetry, changes in the lamina cribrosa, pallor, vessel changes or disc 

margin haemorrhage. The severity of the visual field loss for the individuals with 

OAG was graded, post hoc, on the appearance of the eye with the more severe 

loss recorded with the SITA Standard algorithm at the last visit of the study 

protocol. Individuals with OHT were categorized on the basis of a central 

corneal thickness-corrected IOP of ≥22mmHg in both eyes. The individuals 

from these two groups were expected to learn only in SITA SWAP where the 

pathway tested is different to that tested with SAP. 

 Olsson and colleagues (1997) were the first to develop a learning index (LI) in 

order to facilitate the differentiation between such disturbances that may be due 
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merely to lack of perimetric experience, and those due to true visual field loss. 

This learning index, which had to be sensitive to the mid-peripheral field 

disturbances, was devised following the results of a study investigating trained 

and untrained to perimetry normal individuals (Olsson, Asman and Heijl, 1997). 

 

Although in the succeeding years many studies and published results 

mentioned the existence of the learning effect in different types of perimetry, 

none of them attempted to develop a similar index. As a consequence, the aim 

of this study was to establish a possible learning index and to investigate the 

behaviour of the index, in the normal population, glaucoma patients, and 

individuals with OHT. At the same time, a second aim was to search for different 

or alternative methods to Olsson’s method and to investigate the likelihood of 

using this index, from a clinical point of view. 

 

Therefore, in this study the untrained group consisted of normal individuals at 

the first test session and the trained group of the same individuals at the fifth 

test session, as they had already done 5 tests to both eyes 

 

As the first approach to develop the LI, the design that was used in this study 

was very similar to Olsson’s design. The equation used for the LI calculation by 

Olsson’s colleagues was the same used in the new study and the normalisation 

factor K was exactly the same. The only difference between the two methods 

was that Olsson used Full Threshold 30-2 program output data and in the new 

study all the output data came from 24-2 program and SITA Standard, SITA 

Fast and SITA SWAP algorithms. Therefore, Olsson’s study used data from a 
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greater number of locations for the calculation of the Learning Index, but these 

locations were in the periphery of the central field. Additionally, this study used 

data from 5 test sessions instead of the 3 test sessions used by Olsson’s 

method.   

 

Checking the distributional assumptions for the Learning Index to ensure that 

only the appropriate parametric or non-parametric descriptive tests and 

analyses were used, the normality of data distribution was tested by plotting the 

histogram of data distribution and the Bell Curve for all cohorts, all strategies 

for both eyes. As was expected, the plots show some data that follows it closely, 

but not perfectly (which is usual). As a result, the most appropriate parametric 

descriptive tests and analysis could be used for these data. 

 

One-way repeated measures ANOVA analysis was carried out to test the 

hypothesis that the LI did not change significantly across visits for any of the 

tests and in any of the participant groups. The findings indicate that there was 

no statistically significant variation in LI across visits. for no significant 

difference in LI over time. Possible reasons for the absence of any significant 

difference in mean LI are, for the left eye, the fatigue resulting from always 

testing the left eye second and, with SWAP, the lack of experience of all 

subjects with this method and the difficulty of the algorithm employed in this 

method. 

 

The common outcome of the effort to develop a learning index that could be 

indicative of the learning level of individuals, during repeated perimetric tests is 
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far from a simple task. Since the visual field test is a psychophysical function 

and incorporates a great number of factors, these generate potentially 

contradictory results which confound the utility of the index.  

 

It is difficult to make firm conclusions about how the LI varies with severity of 

visual field damage, given the lack of consistency in the association between 

eyes and large variation in the magnitude (slope) of the association across 

conditions. 

 

An optional design to develop the LI was then incorporated in a new study, 

which included the integration of the GHT test pattern into the complete pattern 

design of the basic method. This design was expected to offer a more valid and 

constant index for learning, particularly for the glaucoma and OHT individuals. 

Therefore, the tested locations of the visual field were grouped following the 

GHT pattern and all the tests replicated for all cohorts and strategies in order 

to consider the results with the original design outcome. 

  

In a quick overview of the results, SITA Standard illustrated a similar behaviour 

for normal individuals but increased variability for glaucoma patients and OHT 

individuals. For the SITA Fast algorithm, the normal individuals illustrated low 

LI values, but the glaucoma patients showed unexpected variability.  The OHT 

individuals illustrated very low LI values, most likely due to their previous 

experience and the decrease of test duration. For the SITA SWAP algorithm 

and for normal cohort more variability for right eye results is noticeable in all 
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visits most likely due to the difficulty for the blue on yellow test. For OAG and 

OHT individuals, the high levels of inconsistency do not permit the LI evaluation. 

 

For normal individuals the paired samples t-test between the two methods, for 

all algorithms and both eyes, does not identify any statistically significant 

difference (p>0.05) and the linear regression, in general, demonstrates a rather 

weak association between the two methods. For glaucoma patients the paired 

samples t-test gave also similar results for all algorithms, for both eyes, 

denoting no significant (p>0.05) difference but very weak association in Bland 

Altman linear regression, between the two methods. Finally for ocular 

hypertensive individuals the paired samples t-test did not identify any 

statistically significant difference for all algorithms and both eyes and the linear 

regression again showed rather weak association between. So, from a clinical 

point of view the GHT pattern method has nothing to propose to the attempt of 

building up a learning index for perimetry. 

 

As a consequence the study attempted to investigate another pattern, to 

develop a learning index. Although this No Eyelid pattern follows the initial 

method of complete visual field pattern, excludes the first upper row five 

locations values. The problem of Ptosis is common in the age of individuals 

having perimetry. As a result in many cases the eyelid covers a portion of the 

superior visual field producing erratic results. 

 

Normal individuals demonstrated a slight decreasing of LI mean values for SITA 

Standard and SITA Fast algorithms, illustrated a reduced amount of variability, 
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although for SITA SWAP exhibited more variability for both eyes, as it was 

expected due to the difficulty of the specific algorithm. Glaucoma patients 

demonstrated more discrepancy of LI results for SITA Standard algorithm, likely 

due to the defective locations that cannot learn and for SITA Fast demonstrated 

unexpected major variability for both eyes. Finally, results for the SITA SWAP 

algorithm continued to exhibit increased variation, probably owing to the 

difficulty of the specific test. Ocular hypertensive individuals exhibited poor LI 

results for SITA Standard and SITA Fast algorithm and an overall reduced 

amount of learning, probably because they were experienced in perimetry. In 

contrast for SITA SWAP considerable variability in results was observed. 

 

In order to compare the No Eyelid pattern method with the original complete 

pattern method, the Bland and Altman plots were implemented. These plots 

show that the majority of the points are scattered without any obvious trend or 

pattern, above and below zero, which suggests that there is no consistent bias 

of one approach versus the other (of course, there could be hidden biases that 

this plot does not show up). The presentation of the 95% limits of agreement 

does not provide power to the judgement that the two methods of measurement 

agree, as the range between these two limits is quite large. From a clinical point 

of view, the No Eyelid method do not appear to offer any benefits in the 

development of an effective Learning Index. 

 

In order to investigate the learning near the defective locations of the visual field 

in moderate glaucoma patients a new study was carried out. An example of 

case series included two male glaucoma patients at the age of 70s and the 
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selected locations were in the inner border area of the defective locations. The 

chosen algorithm was SITA SWAP, although this algorithm is normally rather 

difficult for the patient. In contrast, numerous researchers have suggested the 

SWAP algorithm as a more sensitive algorithm to locate early changes of 

glaucoma defects (Racette and Sample, 2003; van der Schoot, 2010). 

 

Furthermore, these patients were experienced with SAP, so they faced the least 

difficulty due to the algorithm, compared to other individuals performing 

perimetry for the first time. The right eye was selected, as it was always the first 

eye tested in all visits, so it was expected to have the least amount of fatigue. 

Locations that exist near a defective area were evaluated for visit 1,3 and 5, 

respectively. The damaged areas of these visual fields were likely not to show 

any improvement, as defective locations cannot see and consequently cannot 

learn. 

 

It is difficult to draw conclusions from just two cases, however, the findings 

provide proof of concept that the LI can be calculated in a particular area of 

interest in the visual field. A more definitive study is required before one can 

formally assess the utility of this approach for clinical practice. 

 

The present study includes also a novel approach. This is the filtering of visual 

field printout, with the purpose to predict from the first visit the visual field output 

that could be acquired after three or five visits, if a special filter for the particular 

data could be designed. Spatial filtering is a widely employed image processing 
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technique used to improve the quality of digital information and may be applied 

to perimetric test printout. 

 

In previous studies many investigators proposed numerous types of filters in an 

attempt to eliminate noise and improve the useful signal of visual field data 

(Fitze et al., 1995; Crabb et al., 1995; 1997). Gardiner and associates (2004) 

proposed a spatial filter to be applied to the visual field output data. The filter 

complied with the rules of the accepted physiological shape of the retinal nerve 

fibre layer (Gardiner et al., 2004). 

 

In this advanced method to evaluate perimetric learning by repeated test 

sessions, different types of filters have been applied to the first visit printout in 

order to simulate the third or fifth visit printout by filtering the noise, which 

probably at the first test mostly contains the learning effect. Additionally, 

benefits from post-test filtering of the data are assembled without any extra 

patient testing or alteration to the perimetric process. 

 

Conversely, bearing in mind the deployment of the optic nerve fibre layers of 

the retina, in a similar design to the Garway-Heath and associates study design 

(Garway-Heath et al., 2000), an Adaptive or Hybrid filter was designed again in 

the MatLab environment and a promising issue of prediction of later test results 

was evident.  

 

Furthermore, the outcome suggests that the learning index might, in some 

patients, give a reasonable indication that these first are masked by a learning 
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effect and that they may improve in subsequent sessions. These results are, in 

general, compatible with the results published for SAP (Wood et al., 1987; Heijl, 

Lindgren and Olsson, 1989; Wild et al., 1989) and for SWAP (Wild, Moss and 

O'Neill, 1996; Rossetti et al., 2006; Gardiner, Demirel and Johnson, 2008; 

Zhong et al., 2008; Fogagnolo et al., 2010). 
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6.2 Conclusions  
 

The present learning index design, from a clinical point of view, is unlikely to 

become a useful index for automated perimetry. Such a conclusion is based 

upon the outcome of the numerous tests and the statistical analysis that 

followed the calculation of LI by the complete pattern method in chapter 3.  

 

Visual field test as a psychophysical measurement includes a lot of variability 

that produces noisy outcomes, which are difficult to evaluate. The inconsistency 

of the tested individuals influences also the stability of the LI. So, the application 

of LI in moderate or severe glaucoma patients is not clinically practical. 

 

Although the method studied in this thesis is unsuitable for clinical practice, 

there is still a need for some measure of learning in perimetry. Development of 

an alternative approach is warranted. A method of filtering the visual field 

results would be a promising approach by identifying and eliminating 

measurement noise in the visual field test results. The comparative 

performances of different design filters showed that if a future design could 

combine an adaptive weighted filter with a specific modern algorithm. 

 

The results of the GHT and the No Eyelid studies lead to the impression that 

there was no significant improvement in LI results in order to serve the purposes 

of the development of a learning index using these methods for the design. 

 

The early indication of the glaucoma combined to a warning index about the 

prognosis of a perimetric test outcome, gives also the clinician the opportunity 
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for efficient treatment, comfort for the patient and minimal financial expenses 

for both the individual and the state or private insurance company.  Although 

over the past years, a large amount of information has been obtained from 

clinical research concerning the visual fields for glaucoma prognosis, the future 

for the glaucoma patient, is still contentious. 

 

6.3 Strengths and weaknesses of the research 
 

The major strengths of the research were the robust control over the exact 

schedule of a weekly separation of the five visits within each of the three studies 

and of the consistent instructions given to each individual. The analysis makes 

use of patients’ own data, without the requirement to compare with normative 

databases. Therefore the individual learning indices within groups and 

instruments can be easily compared. However, as each of the instruments 

measures sensitivity on different scales (i.e. 30dB for SAP does not equate to 

30dB for SWAP, etc.), it is less straightforward to compare between 

instruments. 

 

Test-retest variability in SAP and SWAP sensitivity has previously been shown 

to be high, and this variability increases with depth of defect. Therefore, the 

ability to detect any true change in the visual field (e.g. true progression or a 

learning effect) becomes more difficult in participants with established 

sensitivity loss. This is an ongoing dilemma in research into detection of 

progression in perimetry, and despite several attempts to overcome this 

problem in recent literature, high variability remains a confounder when 

calculating the learning index. It was outside the scope of the current PhD to 
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develop an improved algorithm for measuring the learning effect, however, but 

rather the data demonstrate an evaluation of the current technique. It was 

assumed in this study that true sensitivity loss did not occur between visits, as 

any true sensitivity loss could be conflated with the effects of learning. Although 

disease progression between visits cannot be ruled out completely, there were 

no obvious cases in which clinically significant sensitivity loss occurred between 

visits.  

 

The research was limited by the data available from the Castelberg study. 

Although it was known that the normal observers were naïve to perimetry, the 

experience of the OHT and glaucoma groups was less clear. The lack of a 

criterion for naivety (or significant experience) in the Castelberg study, nor 

specific details about the number of tests that the participants had previously 

undertaken meant that a criterion for separating participants into groups 

according to level of experience and a sub-analysis of participants in each of 

these groups was not possible. 

 

To the author’s knowledge, it remains the most extensive evaluation of a 

learning index for automated perimetry within the age range representative of 

those attending secondary and tertiary eye care. 

 

 

 

\ 
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6.4 Overall conclusion of the research and future work. 
 

The overall conclusion of this study, about the establishment of a Learning 

Index (LI) following the proposed design by Olsson and colleagues (1997), is 

that this method is definitely not realistic and that it is without clinical benefit. 

Some modified methods also failed to establish themselves as clinically useful. 

The Learning index (LI) is unlikely to become the index of choice for automated 

perimetry.  

 

Conversely, the method of filtering the visual field results potentially may be a 

promising approach to identify and eliminate measurement noise of the visual 

field output. The construction of a similar index to that reported in this thesis 

would be useful but very difficult to achieve.  

 

The development of ‘better’ threshold algorithms has long been attempted. 

There is no easy answer to whether further investigation will yield significant 

results. Potentially, the intense data collection at a large number of locations 

throughout the field in a larger cohort of subjects (visually healthy and 

glaucomatous) would be required for a better index establishment. The 

incorporation of fatigue also may be required to form a robust index enough to 

simulate procedures of glaucoma prognosis  

 

The low signal to noise ratio associated with perimetric testing suggest that 

improvements will always be difficult to make where either previous perimetric 

tests results are utilised in retesting or structural measures are used to inform 
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and focus perimetric testing (Turpin et al, 2009) may provide more reliable 

perimetric results. 

 

As an overall research conclusion and bearing in mind that the utility of this 

particular technique in clinical practice is very limited, there is still merit in 

devising and developing in the future some form of learning index - just not this 

one. 
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