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This code implements the foveal pit mathematical model comparison (see
sections 2.3.2 and 2.6.2 for details).

Load dataset

% Prepare environnent
close all;clc;clearvars;
addpat h(genpath('../utils"));

% Pit Model |i st

pi t Model Li st = horzcat ({' none',' Schei be','Ding','Yadav',' ' Breher', ' Dubis','Liu'},...

conbi neCel | (' novAvg_", round(li nspace(3,40,5))), ...
conmbi neCel I ("l oess_",[1 2:50]));
nPi t Model = | ength(pitMdel List);

% Mor phol ogi cal paraneter |ist
paraniist = {'CFT','rinHeight','rinRadius',"' nmaxSl ope'};
nParam = | engt h( paranLi st);

% Load data
T = readtable('results _2.csv');
nSubj ect = size(T,1);

Compute RMSE (all models)

RVBE = struct;
for iModel =1: nPi t Model
pi t Model = pitMdel List{i Model};

% Raster RMVSBE

varName = [pitMdel ' _raster RMSE'];

RVBE. (pi t Model ) . raster. nean = nmean(T. (var Nane) ) ;
RVBE. (pi t Model ) .raster.std = std(T. (varName));

% Rast er RMSE

varNanme = [pitMdel ' star RMSE'];

RVBE. (pi t Model ) . star. nean = mean(T. (var Nane) ) ;

RVBE. (pi t Model ) . star.std = std(T. (varNane));
end

Compute ICC (all models)

% seed for reproducibility
rng(0);



% nunber of bootstraps
nBoot = le4; % (takes a while)

% enpty matrix to store resanpl ed | CC val ues

i cc_boot = nan(nBoot, nParam nPi t Model ) ;

for iBoot=1: nBoot
i ndBoot = dat asanpl e(1: nSubj ect, nSubj ect) ;
for i Param1: nPar am

param = paranli st{i Parant;

i Model =1: nPi t Model
pi t Model

for

% Rast er bootstrap
var Nane = [pitMdel
x1 = T.(var Nane);

x1 boot = x1(indBoot);

% Star bootstrap
var Nane = [ pit Model
x2 = T.(var Nane);
x2_boot = x2(indBoot);

i cc_boot (i Boot, i Param i Model ) =

end
end
end
% Enpty struct to store all data
lcc = struct;

i Paramel: nParam
param = paranli st{i Parant;

for

i Mbdel =1: nPi t Model
pi t Model

for

% Conmput e nean and 95% Cl

_raster _

' _star '

I cc. (pithMdel). (param. nmean

lcc.(pithModel).(param .|l b
I cc. (pitMdel). (paranj.ub
end
end

Compute Bias

Bi as = struct;

for iParanFl: nParam

= pi t Model Li st {i Model };

par ani ;

par ani ;

| CC([ x1_boot x2 boot], ' A-1');

= pi t Model Li st{i Mbdel };

= mean(icc_boot (:,i Param i Mddel));
prctile(icc _boot(:,iParami Mdel), 2.5);
prctile(icc_boot(:,iParami Mdel), 97.5);



param = paranli st{i Parant;

for n=1:nPit Mdel
pi t Model = pitMdel List{n};

% Bias in raster scans

varNanme = [pitMdel ' raster ' param' bias'];

Bi as. (pi tMdel). (param .raster.mean = nmean(T. (varNane));
Bi as. (pit Model ). (param .raster.std = std(T. (varNane));

% Bias in star scans
varNane = [pitMdel ' star ' param' bias'];
Bi as. (pit Model ). (paranm).star.mean = nean(T. (var Nane));
Bi as. (pitModel ). (param).star.std = std(T. (varNane));
end
end

Table 3a. Model comparison: fitting error (RMSE)

% Reduced pit nodel |ist

pitModel Listl = {'none',"' Dubis','Ding,"'Scheibe,'Liu,'Yadav','Breher','loess 20',"

nPi t Model 1 = | engt h( pi t Model Li st1);

rmse_nmean = nan(nPitMdel 1-1, 2);
rmse_std = nan(nPitMdel 1-1, 2);
nbDigit = 1;

for iMdel =2: nPi t Model 1
pi t Model = pit Mdel Li st 1{i Model };

% Rast er RMSE
rmse_mean(i Model -1, 1) = round(RVBE. (pit Model ). raster. nean, nDi git);
rmse_std(i Mbdel -1,1) = round(RMSE. (pitMdel).raster.std, nDigit);

% St ar RVSE

rmse_nean(i Mbdel -1, 2) = round(RVSE. (pitMdel).star.nmean,nDigit);

rmse_std(i Mbdel -1,2) = round(RMSE. (pitMdel).star.std,nDigit);
end

results = plus(plus(string(rnmse_nean),' ('), plus(string(rnse_std),"')"));

| o€

T3 a = array2table([string(pitMdelListl(2:end))' results],' Variabl eNanmes',{' nodel"',"rr

T3 a =
model rmse_raster rmse_star
1 "Dubis" "3.6 (0.7)" "4.1(0.7)"
2 "Ding" "5.3 (0.9)" "5.9 (0.9)"
3 "Scheibe" | "2.6 (0.6)" "3.2 (0.6)"
4 "Liu" "11.5 (2.7)" "11.5 (2.7)"
2 "Yadav" "1.6 (0.3)" "2.5(0.4)"
6 "Breher" "2.9 (0.6)" "3.6 (1.3)"




model rmse_raster rmse_star

7 "loess_20" | "0.9 (0.1)" "1.7 (0.3)"

g "loess_50" |"5.9 (1.5)" "6.5 (1.6)"

Table 3b. Absolute agreement (ICC)
% Reduced pit nodel |ist
pit Model Listl = {'none',' Dubis','Ding ,'Scheibe,'Liu,'Yadav','Breher','loess 20',"I o€
nPi t Model 1 = | engt h( pi t Model Li st1);

% enpty matrix to store resanpl ed | CC val ues
i cc_mean = nan(nPitMdel 1, nParanj;

icc_l b = nan(nPitMdel 1, nParam ;
i cc_ub = nan(nPitMdel 1, nParam ;
nDigit = 3

nDigit = 3

for iParanrl: nParam
param = par anli st{i Parani;

for iModel =1: nPi t Mbdel 1
pi t Model = pitMdel Li st 1{i Model };

i cc_mean(i Model , i Param)

icc_I b(i Model,iParam =

i cc_ub(i Model ,i Param =
end

= round(lcc. (pitMdel).(param.nean,nbDigit);
round(lcc. (pitMdel).(param).lb,nDigit);
round(l cc. (pitMdel). (param.ub,nbDigit);

end
% Format results into table

results = plus(plus(plus(string(icc_nean),' ['),plus(string(icc_Ib),",")),plus(string(i
T3_b = array2tabl e([string(pitMdelListl)' results],'Variabl eNanes',[' nodel"' paraniist]

T3 b =
model CFT rimHeight rimRadius maxSlope
1 "none” "0.976..  "0.99[0.98... "0.894 [0.8... "0.307 [0....
2 "Dubis" "0.988..  "0.995[0.9... "0.949 [0.9... "0.968 [0....
3 "Ding" "0.988..  "0.995[0.9... "0.957 [0.9... "0.969 [0....
4 "Scheibe" | "0.976..  "0.995[0.0... "0.949 [0.9... "0.956 [0....
5 "Liu" "0.987 ...  "0.994[0.9... "0.961 [0.9... "0.959 [0....
6 "Yadav" "0.976..  "0.99[0.98... "0.894 [0.8... "0.958 [0....
7 "Breher" "0.986..  "0.995[0.9... "0.941 [0.9... "0.958 [0....
8 "loess_20" |"0.985..  "0.994[0.9... "0.901 [0.8... "0.953 [0....
o "loess_50" | "0.989..  "0.995[0.9... "0.96 [0.94... "0.986 [O....




Table 4. Model comparison: bias

% Reduced pit nodel |ist
pit Model Listl = {'none',' Dubis','Ding,'Scheibe,'Liu,'Yadav','Breher','loess 20',"I o€
nPi t Model 1 = | engt h( pi t Model Listl);

bi as_nmean = nan(nPi t Model 1, nPar ant 2) ;
bi as_std = nan(nPit Model 1, nPar ant 2) ;
nbDigit = 1;

for iParanmFl: nParam
param = paranli st{i Parant;
ind = 2*i Param 1;

for n=1:nPitMdel 1
pi t Model = pitMdel List1{n};

% Bias in raster scans
bi as_nean(n,ind) = round(Bi as. (pitMdel).(param).raster.nmean,nDigit);
bi as_std(n,ind) = round(Bias.(pitMdel).(param.raster.std,nDigit);

% Bias in star scans
bi as_nmean(n, i nd+1) = round(Bi as. (pitMdel).(param.star.nmean,nDigit);
bias_std(n,ind+1) = round(Bias.(pitMdel).(param.star.std,nDigit);
end
end

results = plus(plus(string(bias_nmean),' ('), plus(string(bias_std),"')"));
T4 = array2tabl e([string(pitMdelListl)' results],'VariableNanes',...

{"nodel'," CFT_raster',' CFT_star','rinHeight raster','rinHeight _star',...
"rinmRadi us_raster','rinRadius_star',' naxSl ope_raster',' maxSl ope_star'})

T4 =
model CFT raster CFT _star rimHeight_raster rimHeight_star
1 "none" "0 (0)" "0 (0)" "0 (0)" "0 (0)"
2 "Dubis" "1.3 (1.3)" "1.4 (1.9)" ".0.2 (0.2)" ".0.5 (0.3)"
3 "Ding" "1.1 (1.4)" "1.2 (2.1)" ".0.5 (0.3)" ".0.8 (0.3)"
4 "Scheibe” | "0 (0)" "0 (0)" ".0.1 (0.3)" ".0.3 (0.3)"
5 "Liu® "1.1 (1.2)" "1.1 (1.8)" "-3.6 (0.9)" "-3.9 (0.9)"
6 "Yadav" "0 (0)" "0 (0)" "0 (0)" "0 (0)"
7 "Breher" "0.8 (1.1)" "0.9 (1.8)" ".0.4 (0.2)" ".0.6 (0.2)"
8 "loess_20" | "0.3 (0.5)" "0.4 (1.2)" ".0.1 (0)" ".0.4 (0.1)"
o "loess_50" | "6 (2.7)" "6.6 (3.3)" ".0.3 (0.3)" "0.5 (0.3)"




Figure S1. Visualize ICC Agreement (without models)
f = figure;
colorsl =[001;, 1 00;010; 00 0];

for n=1: nParam
param = paranLi st{n};

% Rast er

varNane = [' none _raster_ ' parani;
x = T.(var Nane);

% St ar

varName = [' none_star_' paranm;
y = T.(var Nane);

% Gener at e scatterpl ot
subpl ot (2,2,n); hold on;

scatter(x,y, ' filled,'MarkerFaceCol or', colorsl(n,:),"' MarkerFaceAl pha', 0.3);

lims = [mn([x; y]) max([x; y])];

plot(linms,lins,"--'","Color',colorsl(n,:),"'LinewWdth',1.5);
xLim(lins);

ylim(lins);

grid on;

x|l abel (' raster');
yl abel ('star');
title({param|[' | CC=" nun2str(round(lcc.none.(param.nean,2))]}, Interpreter',' none'
set(gca, ' Font Si ze', 12);
daspect([1 1 1]);
end
set(f, ' position' ,[0 O 800 700]);



Figure 5. ICC vs bias (raster)

f = figure;

% Reduced nodel
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pit Model List2 = {'none',"' Dubis',"'Ding,'Scheibe,'Liu,'Yadav',"'Breher'};
nPi t Model 2 = | engt h( pi t Model Li st 2);

% Reduced param | i st

paraniistl = {'rinRadius',' naxSl ope'};

nParaml = | engt h(paraniistl);

% Pl otting options

colors2 =

marker = {'o',"'dianmond ,"'*", "+

scanType = 'raster’';

for

i Par am=1: nPar anil

param = paranli st 1{i Par ant;

AT

[0 0 255;0 227 255;178 4 248;65 198 0; 244 133 61; 255 26 185; 255 0 0]./255;
"x',"square'};



subpl ot (1, 2,i Param ; hol d on;

% Merge | oess data fromdifferent spans
spanMax = 50;

| oess_bi as = nan(1, spaniax) ;
| oess_icc = nan(1l, spanMax);
for span=1: spanMax

pi t Model = ['|oess_

nun2str(span)];
| oess_bi as(span) = Bias. (pitMdel).(paran). (scanType). nmean;
| oess_icc(span) = lcc. (pitMdel). (paran). nean;

end

% Pl ot | oess curve

pl ot (| oess_bias,loess_icc,'--","Color', "' black','LineWdth',3,'Markerlndices', 1:20);

% Pl ot markers in 5% steps
step = 5;
if iParam=1

scatter (|l oess_bias(15:step:end), | oess_icc(15: step: end), 80, ' bl ack',' LineWdth',
el se

scatter (|l oess_bias(5:step:end), | oess_icc(5:step:end), 80,"'black',"'LineWdth', 2.
end

% ---------- MATHEMATI CAL MODELS ------------
for n=1:nPit Mdel 2
pi t Model = pitMdel Li st2{n};

% Get |1 CC
icc_val = lcc.(pithMdel). (paran.nean;
% Get Bi as

bi as_val = Bias.(pitMdel).(param.(scanType). nean;

% Pl otting

r

-

»

~

scatter(bias_val,icc_val, 450, marker{n}, ' filled"',' MarkerFaceColor',[1 1 1],"' Mark

end

% Adj ust axes
if iParam=1

xIim([-9 3]);xticks(-9:3);

ylim([0.89 1]); yticks(linspace(0.89,1,12))
el se

xI'im([-30 0]); xticks(-30:3:0);

ylim([0.3 1]);yticks(linspace(0.3,1,8))

end
title(param;
grid on;



end

xl abel ("Bias (% "');

yl abel ("1 CC);

set (gca, ' Font Si ze', 14);
box on;

i f iParanF=2

| egend([{' LOESS'} pitModelList2],  position',[0.572 0.26

end

set(f,"' position ,[0 O 1800 500]);
suptitle('Fig. 5 Bias vs ICC (raster)');
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Figure S3. ICC vs bias (star)

f = figure;
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pit Model List2 = {'none',' Dubis',"'Ding' ,'Scheibe','Liu,"'Yadav','Breher'};

nPi t Mbdel 2 =
% Reduced par
paranii st 1
nParanml =

| en

% Pl otting op
colors2 =

| engt h( pi t Model Li st 2);
am | i st

{' rinRadi us',"' maxSl ope' };
gt h( paranti st1);

tions

marker = {'0','dianond','*"',"+",

scanType

for

‘star';

i Parame1l: nPar aml
param = par anli st 1{i Par ant;

subpl ot (1, 2,i Param ; hol d on

% ----mmmm - LOESS-------------
% Merge | oess data fromdifferent
spanMax = 50;

| oess_bi as = nan(1, spanMax) ;

| oess_icc = nan(1l, spanMax);

for span=1: spanMax

[0 O 255;0 227 255;178 4 248;65 198 0; 244 133 61; 255 26 185; 255 0 O]

1AL
)

X', 'square'};

. | 255;



pitMdel = ['loess ' nunstr(span)];

| oess_bi as(span) = Bias. (pitMdel).(paran).(scanType). nmean;
| oess_icc(span) = lcc. (pitMdel).(paran). mean;

end

% Pl ot | oess curve

pl ot (|l oess_bias,loess icc,'--',"Color',"'black','LineWdth',3,'Markerlndices', 1:20);

% Pl ot markers in 5% steps
step = 5;
i f iParam==1

scatter (|l oess_bias(15: step: end), | oess_icc(15: step: end), 80, ' bl ack',' LineWdth',

el se

scatter(l oess_bias(5: step:end), | oess_icc(5:step:end), 80,'black','LineWdth', 2.

end

Y MATHEMATI CAL MODELS ------------

for n=1:nPit Mdel 2
pi t Model = pitMdel List2{n};

% CGet | CC
icc_val = Icc.(pitMdel).(param.mean
% CGet Bi as

bi as_val = Bias.(pitMdel).(paran).(scanType). nmean;

% Pl otting

r

£

s

~

scatter(bias_val,icc_val, 450, marker{n}, ' filled",' MarkerFaceColor',[1 1 1]," Mar}

end

% Adj ust axes
i f iParanF=1
xlim[-9 3]); xticks(-9:3);

ylim([0.89 1]);yticks(linspace(0.89,1,12))

el se
xlim([-48 0]); xticks(-48:4:0);

ylim([0.3 1]);yticks(linspace(0.3,1,8))

end
titl e(param;
grid on;

xl abel ("Bias (% "');

yl abel ("1 CC);
set(gca, ' Font Si ze', 14);
box on;

i f iParam==2

| egend([{' LOESS'} pitMdel List2], position',[0.825 0.45 0.08 0.4],"' Font Si ze', 16)

end
end

set(f,"' position ,[0 O 1800 500]);
suptitle('Fig. S3 Bias vs ICC (star)');
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Fig. S3 Bias vs ICC (star)
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