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Abstract

Purpose : 

To assess whether measuring the moments of a visual �ield has utility in describing the 
location and shape of visual �ield loss.

Methods : 
This was a cross-sectional study involving participants from a prospective longitudinal 

study designed to evaluate optic nerve structure and visual function in glaucoma. The study 
involved the analysis of SAP results for 180 eyes of 107 subjects with a mean age of 61.6 ± 16.8 
years� including 90 glaucomatous eyes of 60 subjects and 90 healthy eyes of 47 subjects. SAP 
testing was performed using the SITA Standard 24-2 strategy of the Humphrey visual �ield 
analyzer. The initial step in calculating the moments of the visual �ield was to convert the 
threshold values into linear units. All statistical analyses were performed with commercially 
available software (STATA� version 12; StataCorp LP.

Results : 

The glaucomatous eyes had an average MD of -5.8 ± 6.6dB (range -25.4 to 1.2dB) 
compared to 0.3 ± 0.8 dB (range -1.0 to 2.5dB) in healthy eyes. The coordinates of the center of 
mass of threshold values (remaining visual �ield) and the center of visual �ield defects were 
calculated using the �irst moment .The coordinates of the center of visual �ield defects showed 
good correspondence to the location of the visual �ield defect seen on the SAP total deviation 
map. In each case the �irst moment coordinates show a good spatial relationship to the defect. 
There was reasonable agreement between the average coordinates for the center of remaining 
vision assigned by the graders and the �irst moment. There was also reasonable agreement 
between the average coordinates for the center of the visual �ield defect assigned by the 
graders and the �irst moment. The second moment has been proposed as a measure of the 
centrality of visual �ield defect it is strongly affected by disease severity. There was a similar 
relationship between the third and fourth moments� disease severity and the presence or 
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Keywords : Deviation value $ Visual field $ the first order moment $ Glaucoma.

absence of central defects as that found for the second order moment.

Conclusion : 

The �irst moments of visual �ield thresholds and deviation values are useful objective 
measures of the shape of the hill of vision.  

Résumé
Objectif :
De� terminer si la mesure des moments d'un champ visuel ont une utilite�  dans la 

description de l'emplacement et la forme dans les de� �icits du champ visuel.

Méthodes: 

Cette e� tude est transversale avec des participants tire� s a�  partir d'une e� tude prospective 
longitudinale conçue pour e�valuer la structure de nerf optique et la fonction  visuelle en 
fonction du glaucome. L'e� tude a porte�  sur l'analyse des re� sultats SAP pour 180 yeux de 107 
sujets avec un a� ge moyen de 61�6 ± 16�8 anne�es� 90 yeux glaucomateux de 60 sujets et 90 
yeux sains de 47 sujets. ce test SAP a e� te�  re�alise�  en utilisant la strate�gie standard SITA 24-2 
de l'analyseur de champ visuel Humphrey. La premie� re e� tape dans le calcul des moments de 
champ visuel est de convertir les valeurs en unite� s line�aires de seuil. Toutes les analyses 
statistiques ont e� te�  re�alise�es avec des logiciels disponibles dans le commerce (STATA� la 
version 12; StataCorp LP)

Résultats: 

Les yeux glaucomateux avaient une moyenne de -5�8 ± 6�6 dB MD (plage -25�4 a�  1.2dB) a�  
0�3 ± 0�8 dB par rapport (plage de -1�0 a�  2�5 dB) dans la sante�  des yeux. Les coordonne�es du 
centre de masse de valeurs de seuil (restantes champ visuel) et le centre de de� fauts du 
champ visuel ont e� te�  calcule� s en utilisant le premier instant coordonne�es du centre. Proce�de�  
de de� fauts du champ visuel a montre�  une bonne correspondance avec l'emplacement de 
l'anomalie du champ visuel vu SAP total d'e� cart sur la carte. Dans chaque cas� le premier 
moment les coordonne�es montrent une bonne relation spatiale au de� faut. Il y avait un accord 
raisonnable entre les coordonne�es moyennes pour le centre de vision restant Assigne�  par les 
e� le�ves et le premier moment. Il y avait un accord raisonnable aussi entre les coordonne�es 
moyennes pour le centre du de� faut du champ visuel affecte�  par les e� le�ves et le premier 
moment. Le deuxie�me moment a e� te�  propose�  comme une mesure de la centralite�  du de� faut 
du champ visuel� il est fortement in�luence�  par la gravite�  de la maladie. Il y avait une relation 
comme entre les troisie�me et quatrie�me moments� la gravite�  de la maladie et la pre� sence ou 
l'absence de de� fauts du centre que l'on trouve pour le deuxie�me moment.

Conclusion : 

Les premiers instants de seuils et valeurs d'e� cart champ visuel sont des mesures 
objectives utiles de la forme de la colline de la vision.

Mots clés : valeur de déviation $ Champ visuel $ le moment du premier ordre $ 
Glaucome.
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Introduction
Glaucomatous visual �ield loss is a signi�icant 

cause of morbidity and impaired quality of life.[1-3]  

For example� patients with visual impairment due to 

glaucoma often limit activities due to fear of falling.

[3�4]  Visual �ield loss has also been associated with 

an increased risk of involvement in motor vehicle 

collisions.[5�6]  As morbidity associated with glauco-

ma increases with worsening disease� it is important 

that disease severity is appropriately evaluated. The 

severity of functional loss can be assessed using 

standard automated perimetry (SAP) and SAP global 

indices such as mean deviation (MD) and pattern 

standard deviation (PSD)� measured in decibels� can 

be useful summary indicators of the stage of disease. 

However� in addition to severity� the location of vi-

sual �ield loss is also likely to be an important factor 

affecting the impact of glaucoma on day-to-day acti-

vities. Speci�ically central defects are likely to be of 

greater signi�icance than peripheral� and inferior de-

fects may affect the ability to perform tasks diffe-

rently to superior defects.[4�7] 

The pattern and extent of visual �ield defects can 

be characterized by simple inspection of the SAP 

printout and the use of grading schemes� such as 

that of the Ocular Hypertension Treatment Study 

(OHTS).[8]  The OHTS Study Group classi�ied visual 

�ield loss by shape and location for each superior 

and inferior hemi�ield using categories such as alti-

tudinal� arcuate� partial arcuate� nasal step� para-

central and temporal wedge. These terms are widely 

used in clinical practice; however classi�ication 

schemes are somewhat subjective� require a trained 

observer� and even in the OHTS� following adjudica-

tion� 3 graders agreed on classi�ication only 70% of 

the time.[8] An objective quantitative method for as-

sessing the location and pattern of visual �ield de-

fects would be advantageous.
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Recently it has been proposed that the moments 

of linear scale threshold values can be used to des-

cribe the location and distribution of visual �ield 

loss (Boland MV� et al. IOVS 2013:ARVO E-Abstract 

4015). Moments are used in mathematics as quanti-

tative measures of the shape of a set of points and 

therefore could be useful as a measure of the shape 

of the hill of vision. The �irst moment of a discrete 

set of measures is analogous to the center of mass of 

the system.[9] In a two-dimensional system the co-

ordinates of the center of mass are determined 

along the horizontal and vertical axes. Therefore the 

�irst moment along the vertical axis could be used as 

a measure of superior or inferior visual �ield loss� 

i.e.� whether the center of the remaining visual �ield 

is shifted superiorly or inferiorly.

Higher order moments (second� third and fourth 

moments) represent other aspects of the distribu-

tion of points. The second moment is a measure of 

the variance of the points; the third moment is a 

measure of skewness� and the fourth moment a 

measure of kurtosis.[9] It has been suggested that 

the second moment along the horizontal axis may 

be used as measure of central or peripheral �ield 

loss (Boland MV� et al. IOVS 2013:ARVO E-Abstract 

4015). The aim of the current study was to assess 

whether measuring the moments of a visual �ield 

has utility in describing the location and shape of vi-

sual �ield loss. 

Methods
Study Participants
This was a cross-sectional study involving parti-

cipants from a prospective longitudinal study desi-

gned to evaluate optic nerve structure and visual 

function in glaucoma; the Diagnostic Innovations in 

Glaucoma Study (DIGS) at the University of Califor-

nia� San Diego (UCSD). Methodological details have 

been described previously.[10] Informed consent 

was obtained from all the participants� and the insti-

tutional review board approved all methods. All me-

thods adhered to the tenets of the Declaration of 

Helsinki for research involving human subjects and 

the study was Health Insurance Portability and Ac-

countability Act (HIPAA) compliant.

At each visit subjects underwent a comprehen-

sive ophthalmologic examination including visual 

acuity� slit-lamp biomicroscopy� intraocular pres-

sure (IOP) measurement� gonioscopy� dilated fundo-

scopic examination� simultaneous stereoscopic 

optic disc photography� and SAP using the Swedish 

interactive threshold algorithm (SITA Standard 24-

2). Only subjects with open angles on gonioscopy 

were included. Subjects were excluded if they pre-

sented with a best-corrected visual acuity less than 

20/40� spherical refraction outside ±5.0 diopters 

and/or cylinder correction outside 3.0 diopters� or 

any other ocular or systemic disease that could af-

fect the optic nerve or the visual �ield.  Eyes were 

classi�ied as glaucomatous if they had repeatable 

(�2 consecutive) abnormal SAP test results and an 

abnormal SAP result was de�ined by a pattern 

standard deviation outside the 95% con�idence li-

mits or a glaucoma hemi�ield test result outside the 

reference range. Healthy subjects were recruited 

from the general population through advertise-

ments and from the staff and employees of UCSD. 

Healthy eyes had IOP less than 22 mmHg with no 

history of increased IOP and normal SAP. The 

present study involved the analysis of SAP results 

for 180 eyes of 107 subjects� including 90 glauco-

matous eyes of 60 subjects and 90 healthy eyes of 

47 subjects. 

Standard Automated Perimetry 
SAP testing was performed using the SITA 

Standard 24-2 strategy of the Humphrey visual �ield 

analyzer (Carl Zeiss Meditec� Inc.). All visual �ields 

were evaluated by the UCSD Visual Field Assess-

ment Center (VisFACT).[11] Visual �ields with more 

than 33% �ixation losses or false-negative errors� or 

more than 15% false-positive errors� were excluded. 

The only exception was the inclusion of �ields with 

false-negative errors of more than 33% when the 

�ield showed advanced disease. Visual �ields exhibi-

ting a learning effect (i.e.� initial tests showing 

consistent improvement on visual �ield indices) 

were also excluded. Visual �ields were further revie-

wed for the following artifacts : eyelid and rim arti-

facts� fatigue effects� inappropriate �ixation� 

evidence that the visual �ield results were caused by 

a disease other than glaucoma and inattention. 

Following VisFACT assessment� 2 ophthalmolo-

gists with subspecialist glaucoma training indepen-

dently marked on the total deviation plot the 
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locations deemed to correspond to the center of the 

visual �ield defect and the center of remaining vi-

sion for each visual �ield. The graders were masked 

to the moment calculations. The co-ordinates for 

the points assigned by the graders were then com-

pared to the �irst order moments calculated using 

commercially available software (STATA� version 

12; StataCorp LP). Visual �ields were classi�ied as 

having a central defect if at least one point� of a 

cluster of at least 3 contiguous points with P-values 

of <5% on the total deviation probability map� in-

volved the central 5 degrees� or if at least one point� 

of a cluster of at least 2 contiguous points with P-

values of <0.5%� was within the central 5 degrees. 

Calculation of moments
The initial step in calculating the moments of 

the visual �ield was to convert the threshold values 

into linear units. A decibel is 10 times the log of the 

reciprocal of stimulus intensity measured in Lam-

berts (L) [i.e.� dB = 10*log (1/L)] and therefore 0 dB 

converted to 1.0 and 30 dB to 1000. The �irst mo-

ment about the y-axis (M_y) of n visual �ield thre-

shold values located at points (x1� y1)� (x2� y2)�..... 

(xn� yn) can be de�ined as:

 

Where mi is the linear threshold value located 

at point xi on the horizontal axis. The nasal visual 

�ield locations (at 3� 9� 15� 21 and 27 degrees) were 

deemed positive and the temporal visual �ield loca-

tions were deemed negative. Similarly the superior 

�ield locations were assigned positive locations and 

the inferior negative. The �irst moment of the thre-

shold values about the x-axis (M_x) was calculated 

as:

  

Where mi is the linear threshold value located 

at point yi on the vertical axis. The �irst order mo-

ment� or coordinate of the center of mass of the re-

maining visual �ield was therefore:

Where M is the sum of all linear threshold va-

lues:

The center of mass along the vertical axis was 

used to determine whether the visual �ield had 

shifted superiorly or inferiorly� i.e.� whether the vi-

sual �ield defect was predominantly inferior or 

superior. The center of mass of the visual �ield de-

fect itself was calculated using the total deviation 

�igures. The second order moments were calculated 

by taking a shifted average of the squares along the 

vertical and horizontal axes using the follow formu-

las:

The second moments were divided by 106 for 

ease of further analysis. The third and fourth order 

moments were similarly calculated along the verti-

cal and horizontal axes using the above formula but 

by raising values to the third and fourth power res-

pectively. An example of the method of calculation 

of the moments is shown in Figure 1. 

Statistical Analysis
Normality assumption was assessed using Sha-

piro-Wilk tests and by inspection of histograms. 

Student t-tests were used for group comparison for 

normally distributed variables and Wilcoxon rank-

sum test for continuous non-normal variables. The 

inter-observer agreement for the coordinates of the 

center of remaining visual �ield assigned by the two 

graders was assessed using the concordance corre-

lation coef�icient (rho c)� with the horizontal and 

vertical axes examined separately.[12�13] The 

inter-observer agreement regarding the coordi-

nates of the center of visual �ield defects was simi-

larly assessed� as was the agreement between the 

average coordinates assigned by graders and the 

coordinates obtained from the �irst moment. The 

concordance correlation coef�icient combines mea-

sures of precision and accuracy to determine the 
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deviation of the observed data from the line of per-

fect concordance� with a value of -1 corresponding to 

perfect negative agreement� a value of +1 correspon-

ding to perfect positive agreement and a rho c of 0 

indicating no agreement.[14]

The second moments in eyes with a central �ield 

defect were compared to the second moments in 

eyes without a central �ield defect. The association 

between the second moment and the centrality of 

the visual �ield defect was investigated using a univa-

riate logistic model� followed by a multivariate lo-

gistic analysis to take into account the effect of 

disease severity. All statistical analyses were per-

formed with commercially available software (STA-

TA� version 12; StataCorp LP). The � level (type I 

error) was set at 0.05.

Results
The study included 180 eyes of 107 subjects with 

a mean age of 61.6 ± 16.8 years. There were 90 heal-

thy eyes of 47 subjects and 90 glaucomatous eyes of 

60 subjects. The glaucomatous eyes had an average 

MD of -5.8 ± 6.6dB (range -25.4 to 1.2dB) compared 

to 0.3 ± 0.8 dB (range -1.0 to 2.5dB) in healthy eyes.

First moment
The coordinates of the center of mass of thre-

shold values (remaining visual �ield) were calculated 

using the �irst moment and are plotted in Figures 2A 

and 2B for healthy and glaucomatous eyes respecti-

vely. The mean center of the healthy eye visual �ields 

was located 1.1 degrees inferiorly (ranging from 3.2 

degrees inferiorly to 0.7 degrees superiorly) and 1.1 

degrees nasally (ranging from 0.7 degrees temporal-

ly to 3.9 degrees nasally). Glaucomatous eyes fre-

quently had a center of remaining �ield outside this 

range. The center of remaining �ield in glaucomatous 

eyes ranged from 9.6 degrees inferiorly to 6.1 de-

grees superiorly� and from 18.0 degrees nasally to 

4.3 degrees temporally.

The coordinates of the center of visual �ield de-

fects were also calculated using the �irst moment of 

total deviation values and are shown in Figure 3. The 

coordinates of the center of visual �ield defects sho-

wed good correspondence to the location of the vi-

sual �ield defect seen on the SAP total deviation map. 

Figure 4 shows examples of eyes with an inferior na-

sal step (Figure 4A)� superior altitudinal defect (Fi-

gure 4B) and central defect (Figure 4C). In each case 

the �irst moment coordinates show a good spatial re-

lationship to the defect. For example� in the presence 

of a superior visual �ield defect� the �irst moment 

correctly identi�ied that the center of the visual �ield 

defect was located superiorly and that the remaining 

visual �ield had shifted inferiorly (Figure 4B). 

The �irst moments were compared to the average 

coordinates of the center of remaining vision and the 

center of the visual �ield defect recorded by the gra-

ders. There was reasonable agreement between the 

average coordinates for the center of remaining vi-

sion assigned by the graders and the �irst moment 

(rho c for x-axis coordinates =0.60� 95% CI 0.48 to 

0.71; rho c for y-axis coordinates =0.55� 95% CI 0.45 

to 0.66). In 69 of 90 glaucomatous eyes (77%) the 

average location of the center of remaining vision as-

signed by the graders was within 5 degrees of the 

�irst moment compared to 66 of 90 eyes (73%) for 

the y-axis location. There was also reasonable agree-

ment between the average coordinates for the center 

of the visual �ield defect assigned by the graders and 

the �irst moment (rho c for x-axis coordinates =0.65� 

95% CI 0.51 to 0.78; rho c for y-axis coordinates 

=0.60� 95% CI 0.46 to 0.74). In 68 of 90 glaucoma-

tous eyes (76%) the average location of the center of 

the �ield defect assigned by the graders was within 5 

degrees of the �irst moment along both the horizon-

tal and vertical axes. The �irst order moment indica-

ted 25 glaucomatous eyes had a superiorly located 

center of remaining visual �ield. Twenty-four of these 

eyes (96%) were also identi�ied as having a super-

iorly located center of vision by the graders. The �irst 

order moment indicated 65 glaucomatous eyes had 

an inferiorly located center of remaining vision. Six-

ty-three of 65 (97%) were also identi�ied as having 

an inferiorly located center of vision by the graders. 

Three of the 90 glaucomatous eyes had a center of 

mass of remaining vision graded at zero on the y-

axis� i.e. the remaining visual �ield was deemed not 

to have shifted superiorly or inferiorly. 

The inter-observer agreement between graders 

for determining the center of remaining visual �ield 

was poor for the horizontal axis (rho c = 0.39� 95% 

CI 0.22 to 0.57) but better for the vertical axis coor-
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dinates (rho c = 0.86� 95% CI 0.81 to 0.91). The 

inter-observer concordance correlation coef�icients 

for the location of the center of the �ield defect was 

also better for the vertical axis (rho c for x-axis coor-

dinates = 0.58� 95% CI 0.43 to 0.72 versus rho c for 

y-axis coordinates =0.90� 95% CI 0.86 to 0.94). 

Second moment
It has been suggested that the second moment 

along the horizontal axis� which is a measure of va-

riance� may be a useful measure of the centrality of a 

visual �ield defect (Boland MV� et al. IOVS 2013:ARVO 

E-Abstract 4015). We found that the second moment 

along the horizontal axis was signi�icantly smaller in 

glaucomatous compared to healthy eyes and was lo-

wer in eyes with central �ield defects compared to 

those without (Figure 5). The median (interquartile 

range) x-axis second moment was 4.7 (2.0 to 8.9) in 

glaucomatous eyes compared to 26.1 (17.6 to 39.7) 

in healthy eyes (P<0.001). The second moment along 

the vertical axis was also signi�icantly smaller in 

glaucomatous eyes with a median of 3.1 (1.4 to 7.2) 

compared to 21.6 (14.4 to 30.4) in healthy eyes 

(P<0.001). The second moment was 2.8 (1.6 to 5.3) 

and 5.2 (1.9 to 8.6) along the x- and y-axes respecti-

vely in eyes with central �ield defects compared to 

6.4 (2.7 to 11.7; P =0.008) and 1.9 (0.9 to 3.9; P 

=0.001) along the x- and y-axes in glaucomatous 

eyes without central �ield defects. Univariate logistic 

regression analysis revealed a signi�icant association 

between the second moment along the horizontal 

axis and the presence of a visual �ield defect invol-

ving the central 5 degrees (odds ratio [OR] =0.92 per 

unit increase in second moment� P =0.039). 

The �inding of a smaller second moment in eyes 

with central defects is contrary to the example calcu-

lations in Figure 1� which suggest that eyes with 

central visual �ield defects are likely to have higher 

second moments. A possible explanation is that eyes 

with central visual �ield defects may have more se-

vere disease and reduced variance due to a generali-

zed reduction in sensitivity. Therefore it was 

important to evaluate the relationship between the 

second moment and disease severity. Figure 6 shows 

that there was a decrease in the second moment 

with increasing disease severity (measured by SAP 

MD) and when MD (converted to linear units) was 

included in a multivariate model the second moment 

was no longer indicative of the presence or absence 

of a central defect (OR =1.04� P =0.40). Therefore al-

though the second moment provides information re-

garding the distribution of visual �ield sensitivity� it 

has limitations as a measure of the centrality of a vi-

sual �ield defect. This is illustrated in Figure 4� which 

shows that an eye with a central defect but relatively 

preserved MD (Figure 4C) has a high second mo-

ment� but as MD decreases� even in the presence of a 

central defect the second moment is low (Figure 4B). 

Similar results were found when the same analysis 

was performed using the second moment along the 

vertical axis.

Third and Fourth moments
The third and fourth moments� which are mea-

sures of skewness and kurtosis respectively� were 

calculated for the horizontal and vertical axes and 

examined using the same method as above. There 

was a similar relationship between the third and 

fourth moments� disease severity and the presence 

or absence of central defects as that found for the se-

cond order moment.

Discussion
In this study we have demonstrated that the �irst 

moments of visual �ield sensitivity thresholds can be 

used to determine the center of mass of the remai-

ning visual �ield. Similarly� the �irst moments of total 

or pattern deviation values can be used to determine 

the center of mass of a visual �ield defect. The calcu-

lation of �irst moment coordinates has several pos-

sible applications. One application would be to use 

the �irst moment along the vertical axis to calculate 

whether there has been a superior or inferior shift in 

remaining vision. Whether a visual �ield defect is 

predominantly superior or inferior could have 

important implications for a patient�s ability to per-

form certain tasks� and therefore be a useful marker 

of how glaucomatous �ield loss is likely to affect qua-

lity of life. Similarly the �irst moment along the hori-

zontal axis could be used to look for nasal or 

temporal shift in �ield. The �irst moments therefore 

provide an objective measure of the hill of vision 

that could be automatically calculated and potential-

ly incorporated into visual �ield software. The center 
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of a visual �ield defect and remaining visual �ield can 

also be estimated by trained observers� however� we 

found there was often poor correlation between ob-

servers. In this study inter-observer agreement was 

higher for measures along the vertical axis than hori-

zontal axis� however� this is probably due to there 

being less variation in center of mass locations along 

the vertical axis in this sample. 

The calculation of the center of a visual �ield de-

fect using the �irst moment has some limitations� for 

example� in eyes with concentric �ield loss the center 

of mass of the �ield defect may be in a region of nor-

mal �ield. Figure 4D shows an eye with a concentric 

loss of visual �ield where the center of the visual �ield 

defect calculated by the �irst moment is located in a 

relatively preserved region of �ield� close to the cen-

ter of mass of remaining �ield. In such a case� one ap-

proach would be to calculate the moments of the 

visual �ield for each hemi�ield separately in a similar 

way to how visual �ield defects in the OHTS study 

were classi�ied by hemi�ield.8  However� �ield losses 

could be symmetrical within a hemi�ield meaning 

the center of mass of the defect could still occur in a 

region of normal �ield. Furthermore in an eye with 

symmetrical �ield loss the �irst moment of remaining 

�ield along the vertical axis will identify that there is 

neither a superior or inferior shift in remaining vi-

sion (Figure 4D)� which may be the primary parame-

ter of interest.

Higher order moments measure other characte-

ristics of the distribution of visual �ield thresholds� 

for example variance� skewness and kurtosis. The se-

cond moment is a measure of variance and we found 

that eyes with central visual �ield defects with rela-

tive preservation of the remaining visual �ield have 

high second moments compared to eyes with isola-

ted peripheral defects. Despite this observation� the 

highest second moments are in healthy eyes and the 

second moment decreases with increasing disease 

severity. The relationship between the second mo-

ment and disease severity is to be expected� given 

that variance will decrease in the presence of a gene-

ralized decrease in sensitivity. For example in Figure 

4A the x-axis second moment was 4.8 in an eye with 

a central defect and MD of only -0.37dB compared to 

an x-axis second moment of 11.4 in an eye with a si-

milar MD but a peripheral defect (Figure 4C). Al-

though the eye in Figure 4B also has a central defect� 

the MD was -13dB and the second moment only 2.0 

due to the severe generalized depression of the 

superior visual �ield. The result is that the second 

moment is more a marker of severity than a useful 

measure for detecting the centrality of visual �ield 

defects. 

Figure 1 : Method of calculation of first and second moments along the horizontal axis for 5 test points in the nasal field of a 
right eye. Arbitrary threshold values for points located at 3 to 27 degrees on the horizontal axis are shown for an eye with a 
peripheral defect (inferior nasal step) (A) and a central defect (B). The second moment is higher in the eye with the central 
defect. Blue values = horizontal axis co-ordinates, black values = arbitrary thresholds (in decibels), red values = linear 
moments (M).
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Figure 2 : Coordinates of center of mass (first moment) of remaining visual field in healthy (A) and glaucomatous (B) eyes.

Figure 3 : Coordinates of center of mass (first 
moment) of visual field defects in glaucomatous eyes.

Figure 4 - A & B : 
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Figure 4 - C & D: Examples of center of mass (first moments) of visual field defect and center of mass of remaining visual 
field for four eyes included in the study. The second moments for these eyes were 4.8, 2.0, 11.4 and 0.3 respectively. 

Figure 5 : Box plot showing distribution of second order moment along the horizontal 
axis in healthy eyes and in glaucomatous eyes with and without a visual field defect 
involving the central 5 degrees.
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Figure 6 :Scatter plot showing 
the relationship between mean 
deviation (in decibels) and the 
second order moment along the 
horizontal axis in healthy and 
glaucomatous eyes.
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