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Introduction

m The purpose of this file

Thisfile is an interactive Mathematica notebook designed to walk the curious reader
through all of the steps required to generate and export a V1 template, as is docu-
mented in the paper to which this file is attached as supplemental materials. If one
correctly follows the instructions in the Introduction/Parameters subsection (below), it
should be possible to evaluate every subsequent command without error.

If you are using this file as a tutorial or explanation, you can set the following vari-
able to True; this will enable automatic figure generation. If thisis left as False, then
figures made along the way are not displayed (only saved to disk).

$ShowFi gur es = True;

m A note regarding lazy-programming style

Virtually al of the calculations in this file use, directly or indirectly, some form of
lazy programming. Thisis to say that, when a variable (such as the polar-angle data
for a single subject) is declared, the data are not actually loaded and processed.
Rather, the variable to hold the data is told how to load and process itself so that the
first time it is referenced, the loading and processing takes place invisibly, and the
data gets cached in the variable. Because of how Mathematica's evaluation engine
works, thisis entirely seamless. If the variable x isinitialized with lazy programming
rather than actual data, you can still use it exactly as a normal variable:

X := (x = SomeSlowFunction[]); (* This does not load or calculate anything *)

X (* Thisforces x to run SomeSlowFunction[] and be assigned the result *)

What this means in practice is that you can evaluate the entire introduction and declara-
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tion section of this notebook in just a few seconds because these parts of the notebook
only tell the rest of the notebook how to load and process the data rather than actually
loading it. If you evaluate the introduction then create a figure by evaluating one of
the figure code blocks, the fugure-block will seem to take unnecessarily long, but this
Is only because it is loading and caching al of the data it needs for that particular
figure. Subseguent evaluations of the same block will happen much more quickly.
The main utility of this strategy isthat if, for example, you only want to examine the
eccentricity data plots, you don’'t have to load all of the anatomical data or find fits for
the polar angle data just to make an eccentricity figure.

m Dependencies

This section merely includes Mathematica dependencies that we may need further
down theroad in thisfile.

Needs [" Pl ot Legends™ " 1;

Needs ["ErrorBarPlots™ "1;

Needs["Mul tivariateStatistics "J;

Needs [" Conput ati onal Geonetry "1;
This cell (below) isincluded only because of a small bug in some versions of Mathe-
matica, which can cause infinite recursion if a FittedModel is loaded into the note-
book rather than constructed from a function like NonlinearModelFit[]. This seemsto
prevent the error.

Bl ock[{q, x}, NonlinearModel Fit [{1, 2, 3, 5, 7, 9, 13, 17}, x*q, q, X]1;

m Local Functions and Parameters

Local functions include any function that is used during the execution of this file.
This does not include A-functions, but should include anything called frequently in
thisfile. Additionally, parameters that will be used by all datasets should be defined
In this section with a description of how they are used.

= Filesystem Information

The template base directory is used for changing the directory from which you read
all of your data. Y ou don’'t need to use this, but if you organize your data the way we
did, it will make it easier to fix/modify the various parametersin thisfile.

Note that the default value of this variable is a website; this means that Mathematica
will pull our datafrom our public site for analysis. Y ou may have to accept the certifi-
cate of the UPenn CFN (Center for Neuroscience) to do this. Alternately, you may
download the zip file of the data directory and unzip it anywhere; this notebook
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should work with adirectory or aURL.

The zip file can be found here: https.//cfn.upenn.edu/aguirreg/public/V1/Ben-
sonNC 2012 CurrBiol.tar.gz

$Tenpl ateDirectory ="http: //cfn. upenn. edu/agui rreg/public/Vl/data";

When creating figures, we may want to export them to a specific directory. If you
don’t want to do this, just set thisto None; otherwise, make it adirectory.

$Fi gur eExportDi rectory =" ~/Docunent s/Fi gures";

This directory is the target for any vtk file exported (there are routines for exporting
VTK fileswith, e.g., the template mapped onto the cortical surface)

$VTKEXport Directory =" ~/Docunent s/VTKs";

This shouldn’'t be edited; it's a convenient way for a figure to determine it’s export
filename.

Fi gureExport [fil enane_String, fig_,

type_String, opts: OptionsPattern[Export]]:=Wich[

$Fi gur eExport Di rect ory === None, Undefi ned,

1 StringQ[$Fi gureExportDirectory],

(Print ["$Fi guresExportDirectory is not a string!"]; Abort[]),

tDirectoryQ[$Fi gureExportDirectory],

(Print ["$Fi guresExportDirectory is not a directory!"]; Abort[]),

True, Export [$Fi gureExportDirectory<>"/" <>filename, fig, type, opts]];
Fi gureExport [filenane_String, fig_, opts: OptionsPattern[Export]] :=Wich[

$Fi gur eExportDi rect ory === None, Undefi ned,

1 StringQ[$Fi gureExportDirectoryl],

(Print ["$Fi guresExportDirectory is not a string!"]; Abort[]),

1 DirectoryQ[$Fi gureExportDirectory],

(Print ["$Fi guresExportDirectory is not a directory!"]; Abort[]),

True, Export [$Fi gureExportDirectory<>"/" <>filenane, fig, opts]l;

= Error Handling

This function prints an error message and generates an Abort[] when things don't add

up. It can be used to check progress for sanity. The ifTrue and errorMessage argu-
ments are evalueated only when required.

Sani tyCheck [val ue_, test _, errorMessage_] : =If [test [val ue],
val ue,

(Print [error Message]; Abort []1)];

m Color Scales

This function provides the default color scale for use in figures in this notebook. Our default
color scale for use in the paper was Blend[{ Cyan,Blue,Purple,Red,Y ellow} #]& (for datasets
with >10° of data, the colors Black,Grey are appended to the blended color list). This color
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scaleis different, but can be edited to any color schema.

$Col or Scal eCol ors = {Bl ue, Cyan, Green, Yell ow, Red};
$Col or Scal eFuncti on = (Bl end[$Col or Scal eCol ors, #] &);

m Convert to Spherical Coordinates

These functions will convert 3D coordinates into spherical coordinates assuming that
the data lies on a sphere and we don’'t need to r/p coordinate (as we generally assume
in this file with spherical brains). These also automatically handle lists of coord-
>value rules since we deal with them frequently while reading in VTK files.

Cartesi anToSpherical [dat : {{_, _, _}..}]:=Map[

{(If[=#[[1]] =0. &&#[[2]] == 0., O, ArcTan[#[[1]], #[[2]1]1],
ArcSin[#[[3]] /Norm[#]]} &,

dat 1;
Cartesi anToSpherical [dat : {Rule[{_, _, _}, _1..3}1:=Mapl[
Rul e[
(f[#r[1, 11] =0. &&#[[1, 2]] =0., O, ArcTan[#[[1, 1]], #[[1, 21111,
ArcSin[#[[1, 311 /Norm[#[[1]1]11]1},
#[[2]11] &
dat ];
Cartesi anToSpherical [dat : { , _, _}]:=List]
I f[dat [[1]] = 0. & &dat [[2]] ==0., O, ArcTan[dat [[1]], dat [[2]1]11]1,
ArcSin[dat [[3]] / Norm[dat ]]1;
Cartesi anToSpherical [dat : Rule[{_, _, _}, _1]1:=Rule[

{If[dat [[1, 1]] == 0. &&dat [[1, 2]] ==0., 0, ArcTan[dat [[1, 1]], dat [[1, 21111,
ArcSin[dat [[1, 3]] / Norm[dat ]]},

dat [[2]]1;
Cartesi anToSpherical [dat : {Rule[{_, _, _}, _1..3}]1:=Mp[
Rul e[
(fr#r[1, 111 =0. &&#[[1, 2]] =0., O, ArcTan[#[[1, 1]1], #[[1, 21111,
ArcSin[#[[1, 3]]1/Norm[#[[1]111]1},
#[[2]1]1] &
dat J;

m Reading VTK Files

Mathematica natively reads VTK file vertex and polygon data, but does not read the
field data. Thisfunction will do this.

ReadVTK[fil ename_String, OptionsPattern[]] : =
Modul e [
{fl =StringToStream[
(*» we do all this instead of a nornal
stream because only inport correctly handl es URLS =)
StringJoineel nport [
fil enane,
"Character8"1], ( The streamfor this particular file )
p, n, m dat, (% used below as tenporaries =)
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t oSpheri cal = SanityCheck[Opti onVal ue[" Convert ToSpherical "1,
#t == True | | # = Fal se &,
"Convert ToSpherical option to ReadVTK nust be True or False"],
unmask = Sani t yCheck [Opti onVal ue[" UnmaskDat a" ],
= True | | # == Fal se &,

"UnmaskDat a option to ReadVTK nmust be True or Fal se"1},

dat = Reap[

For [p=Find[fl, "FIELD'], ! (p===EndO'File), p=Find[fl, "Field"],
{p, n, m p} =Read[fl, {Wrd, Nunber, Nunber, Wrd}];
Sow[Partition[ReadList [fl, Nunber, n*m], n]]11;

Coselfl11[[2, 111;

dat = Thread[
I mport [fil ename, "VertexData"] -» Map[Fl atten, Transpose[dat]]];

(» At this point, dat is the data in the formof a list of {x,y,z}-
value rules. W may want to clean these up according to
the options: if the "ConvertToSpherical" option is true,
we convert everything into spherical coordinates. |f the
"UnmaskDat a" option is true, we filter out O-val ued
data nenbers. x)
Whi ch [
(» W want to trimout those elements of dat that have zero val ues
and convert the coordinates to spherical coordi natesx)
unmask &t oSpherical, Flatten[
Reap [
Repl ace[dat, ({x_, y_, z_} -» {value_}) =
I f [val ue # 0., Sow[Cartesi anToSpherical [{X, ¥y, z}1]1]1, {1}]
100211,
17,
(» W want to unnmask the data
but not convert it into spherical coordinates x)
unmask, Flatten[

Reap [
Repl ace[dat, (coord_ - {value_}) =»|f [value # 0., Sow[coord]], {1}]

1010211,
17,
(» W want to convert to spherical
coordi nates but keep the values and not filter =)
t oSpheri cal, Cartesi anToSpheri cal [dat ],
(» or we just leave dat alone and return it =x)
True, dat]];
ReadVTK[__]: =
(Print ["Error: ReadVTK[] nust be called with a filenanme"]; Abort []);
(* These options allow ReadVTK to unmask data and/or
convert it to spherical coordinates x)
Opt i ons [ReadVTK] = {" Convert ToSpheri cal " - Fal se, "UnmaskDat a" - Fal se};

m FSAverage Geometric Parameters

Freesurfer’s FSAverage spherical brain has some quirks when it comes to the anatomi-
cal shape of V1; we correct for some of this here using a shear transformation. Note
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that you won’'t want to use this (e.g., in your data-loading functions) if you are not
using the FSAverage sphere.

$FSAver ageShear Matri x = {{1, 0.65}, {0, 1}};
= V1and Expanded V1

There must be a definition of V1 in order for this file to work properly. V1 should be
an n x 2 matrix in which each row isthe coordinate of avertex in V1.
V1Fi | enane = $Tenpl ateDirectory <>" /net adat a/V1-predict. mh. vt k";

VlLoader [] : =
ReadVTK[V1Fi | ename, "UnmaskDat a" -» True, "Convert ToSpherical " -» Fal se];

The Expanded V1 is similar to V1 but should include points that surround V1; we use

the OP Hinds et al. probabilistic V1 definition for this. It is assumed that V 1Ex-

panded is loaded by the same method V1, but this does not have to be true.
V1ExpandedFi | enane = $Tenpl at eDi rect ory <> " /net adat a/V1-prob. mh. vt k";

V1ExpandedLoader [] : =
ReadVTK[V1ExpandedFi | enane, "UnmaskDat a" -» True, "Convert ToSpherical " - Fal se];

We aso require anatomical information about V1; the following functions should
load anatomical datafor the equivalent regions of V1 and V 1Extended.
Anat onyFi | enane =
$Tenpl ateDirectory <>" /anat ony /f s-aver age-t enpl at e-curvat ure. vt k";

Anat onyLoader [] : = ReadVTK[Anat onyFi | enane,
"UnmaskDat a" - Fal se, "Convert ToSpherical " - Fal se];

The definitions for V1, V1Expanded, and Anatomy below all look complex, but they
are basically just ways to make sure that their values are saved in variables such as

V10riginal before alignment with the V1 elliptical coordinate system. The data will
automatically align themselves once the coordinate system is established.

ViOriginal : = (VIOriginal = VliLoader []; V1Origi nal );
V1:= (V1 =VI1TransformV1Oigi nal 1);

V1ExpandedOri gi nal : =
(V1ExpandedOri gi nal = ViExpandedLoader []; V1ExpandedOri gi nal );
V1Expanded : = (V1Expanded = V1Tr ansf or m[V1ExpandedOri gi nal 1);

Anat onyOri gi nal : =
(Anat onyOri gi nal = Map[Joi nee# & AnatonyLoader []1]; AnatonyOriginal );
Anat ony : = (Anat ony = V1Transf or m[Anat omyOri gi nal 1);

We aso want to establish a region that is like the expanded V1 but with a smaller
radius; ie, something that is still elliptical like V1 but dialated
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V1Di al ated : = Modul e[
{a =Block[{X, y}, FindRoot [V1ElIIipseEquation /. y -0, {x, 1.0}1[[1, 2111,
b =Bl ock[{X, y}, FindRoot [V1ElIlipseEquation /. x -0, {y, 1.0}1[[1, 2111},
V1Di al at ed = Reap [
Scan|[
If[([[1]1]1/a)"2+ (#[[2]]/b)"2<2.0, Sow[#]] &,
V1Expanded]
1002, 1111;

Frequently we also want to plot the V1 convex hull (outline); this can be done with
thisvariable...

VI1HUl | : = (V1Hul | = V1[[Append[#, First e#]]] & ConvexHull [V1]]);
V1Di al atedHul | : =
(V1Di al atedHul | = V1D al ated[[Append[#, Firste#]]] &[ConvexHul | [V1Di al ated]]);

m Coordinate Axesand V1 Ellipse

Once data has been loaded, we want to be able to define a coordinate system that
places the V1 dlipse around the origin with the magjor axis as the x-axis and the minor
axis as the y-axis. To do this, we want to first fit the V1 ellipse to the V1 data then
rotate and trandlate all of the imported data to coincide with this. In order to do this,
we must first convert the V1 data into surface spherical coordinates--we would like to
rotate it around so that the center of V1 is at (0°,0°) to assure that there is minimal
spherical distortion in our projection. We then find afit for the V1 ellipse that mini-
mizes the number of pointsin V1Expanded inside the ellipse and maximizes the num-
ber of pointsin V1 inside the ellipse. We can do this by fitting an elliptical 2D
Plateau to a rotated/transposed V1 and calling the ellipse border the curve where
plateau(x,y) = 0.5.
For a plateau function, we use a modified (stretched/rotated) form of the sigmoid
function 1/(1+exp(-t)) that has been rotated around the origin; we use a fixed gain (a
high gain means the sigmoid has a very high derivative at 0).
Brai nToMap[orig_List]:=NMdulel
{mu = Mean[V1COrigi nal 1 / Nor m[Mean[V1Ori gi nal 11,
rotationMatri x},

(» we want the rotation that puts this vector at {1,0,0} =*)

rotationMatrix = RotationMatrix[{mu, {1, 0, 0}}1;

Brai nToMap[dat _List]:=MpThread[

Joi n,
{Transpose[
$FSAver ageShear Matri x. Transpose[
Cartesi anToSpheri cal [
Transpose[rotationMatri x. Transpose[dat [[AIl, 1;; 31111111,

dat [[AIl, 4;; Al 11}];
Brai nToMap[orig]l;
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Now, we can do the sigmoid fitting (mentioned above) on the brain-to-map trans-
formed V1 data.

V1Si gnoi dvbdel : = (V1Si gnoi dvbdel = Bl ock[{e, x0, y0, oX, oy, X, Y},
Modul e [
{V1l nsi de = Brai nToMap [V1Ori gi nal 1,
V1Qut si de = Brai nToMap [Conpl enent [V1ExpandedOri gi nal, V1Origi nal 11,
pl at eau = Function[{pt },
1-1/7(1+
Exp[-20
(Sgrt [ox = ((pt [[1]] -x0) *Cos[©] + (Pt [[2]1]1 -Yy0) *Sin[-6])"2+
oy *
((Pt [[1]1]1-X0) «Sin[e] + (pt [[2]]-Yy0) xCos[6])"2]-2)]1)1},
(» Note that formuses an inverse rotation; this way e will end
up being the proper value for rotating the points in V1 rather
than for rotating the Gaussian to the points. W rotate/translate
the Plateau during fitting in order to speed things up
but in the end we want to rotate/translate the points thenmselves. =x)
Nonl i near Model Fi t [
Join|
Tabl e[Append[x, 1.0]1, {x, Vllnside}],
Tabl e[Append[x, 0.0], {x, V1Qutside}]l,
{1-1/7 (1+ExXp[-20% (Sqrt [ox = ((X-xX0) xCos[©] + (Y -Y0) *Sin[-6])"2+
oy * ((x-x0) *Sin[e] + (y-y0) xCos[e6])"2] -2)1),
oy > 0&&ox > 0},
{{x0, Mean[Vllnside[[AIl, 1111},
{y0, Mean[Vllinside[[Al, 2111},
{6, -Pi /83,
{ox, 5},
{oy, 20}},
{xX, ¥y}
AccuracyGoal - 4111);

If we wish, we can inspect the V1SigmoidModel to see what kind of fit we found.
This forces evaluation of the fit, so in the interest of good lazy programming, it is
commented out. The valuesthat werefit when | ran it were:

{x0--0.00622479, y0—-0.00138543, 6—-0.217459, 0-x—25.2198, cy—106.692}

(*V1Si gnoi dvbdel ["Best Fit Paranet ers” 1x)



V1-fitting-tutorial.nb |9

| f [$ShowFi gur es,
Show[

DensityPl ot [
V1Si gmoi dModel [x, Y1,
{x, -1, 1},
{y1 _11 1};
Col or Function » (Bl end[{Bl ue, Cyan, Green, Yell ow, Red}, #] &),
Pl ot Range - Ful |,
Frame - Fal se],

ListPlot [
Brai nToMap [V1IOriginal 1[[

Append [#, First ea] &eConvexHul | [Brai nToMapeV1Original 111,

Pl ot Styl e » {Bl ack, Dashed, Thi ck},
Joi ned - True,
| mageSi ze » 3. 25 x 72,
Frane » Fal se]]]

Now that we have the model for the sigmoid, we can untranslate and unrotate all of
the pointsin V1 by building a transformation (at which point V1 and all sets of spheri-
cal points already loaded will automatically translate themselves to our coordinate
system).

The V1 transform must translate a point by (x0,y0) then must rutate a point by 6
degrees. If this seems wrong, it's because we built the plateau with the wrong rota-
tion formula, so it actually rotates -6.
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V1Transformforig_List]:=Block[{x0, yO, e},

Modul e [ {par ans = V1Si gnoi dModel ["Best Fit Paraneters"], pt0O, rotati onM x},
{ptO, rotati onM x} = {{x0, yO}, RotationMatrix[e]} //. parans;
V1Transform[dat _List]:=Mp[

Join]
(rotationMx. (#[[1;; 2]]1-pt0)),
#[[3,, AIl1]1] &
Brai nToMap [dat ]17;
V1Transform[origll];

Now, we would like the elliptical form of this model; we can solve the equation for
values of 0.5 to find this particular equation.

Notably, since we want to find the ellipse parameters for the data post-rotation, what
we really need at this point is to drop the x0, y0, and 6 parameters, so this becomes
much simpler.

(* Notably, we can use substitution to first show that Sgrt [ox*x"2+oy*y”"2]==2;
this is our ellipse equation =)
V1El | i pseEquation: =Bl ock[{oX, oYy, X, Y, U},
V1El | i pseEquati on = Equal [
oX *X"2+oy xy™2 /. V1Si gnoi dModel ["Best Fi t Paraneters”],
u /. FindRoot [
1-1/7 (1+Exp[-20% (Sqrt [u] -2)]) =0.5,
{u, 23111,

(* A simlar technique gives us the Dial ated
ellipse (V1 ellipse with twice the radius) =)
V1D al at edEl | i pseEquation: =Bl ock[{oX, oYy, X, Y, U},
V1Di al at edEl | i pseEquati on = Equal [
oX *X"2+oy xy"2 /. V1Si gnoi divbdel ["Best Fi t Paraneters"],
2 xu /. FindRoot [
1-1/7 (1+Exp[-20% (Sqrt [u]l -2)]) =0.5,
{u, 23111,

Again, we can examine thisif we wish to know the equation, but this will force evalua-
tion. When | ran it, the result was:
106. 693 x2 + 25. 2195 y? -- 4,

(*V1El | i pseEquati onx)

Using this we can declare the V1 ellipse/test functions and inequalities...

I nV1El | i pseEquation: =Bl ock[{X, Vy},
I nV1El | i pseEquati on = Appl y [LessEqual , V1El | i pseEquation]];

InV1iQa: {_, _, __}]:=
(InV1Q[{x_, y_, rest__}]:=Evaluate[l nV1lEl |i pseEquation]; I nV1Q[a]);
InViQ[a: {_, _}1:= (InVIQ[{X_, y_}1:=Evaluate[lnVlEl |ipseEquation]; | nVlQ[a]);
I nV1Q[x0_, yO_1:= (InV1Q[x_, y_1:=Evaluate[l nV1El|i pseEquation]; 1 nV1iQ[x0, y01);

We can also setup a similar set of equations/functions for the dialated V1 regions (see



V1-fitting-tutorial.nb | 11

previous section; thisis an ellipse that has twice the radius asthe V1 ellipse)

I nV1Di al at edEl | i pseEquati on : = Modul e[
{vla =Bl ock[{x, Yy}, FindRoot [V1ElIIlipseEquation /.y >0, {x, 1.0}1[[1, 2111,
vlb = Bl ock [{X, y}, FindRoot [V1ElIIli pseEquation /.x -0, {y, 1.0}1[[1, 2111},

Bl ock [ {X, Y},
I nV1Di al at edEl i pseEquation = ((x/vla)”*2+ (y/vlb)"2 <2)]17;
InVlDi al atedQ[a: {_, _, __}]:=(nVlD al atedQ[{x_, y_, rest__}]:=

Eval uat e[l nV1Di al at edEl | i pseEquati on]; |1 nV1Di al at edQ[a]);
InVlDi al atedQ[a: {_, _}]:= (InVlD alatedQ[{x_, Y_}]:=

Eval uat e[l nV1Di al at edEl | i pseEquati on]; I nV1Di al at edQ[a]);
I nV1Di al at edQ[x0_, yO_1:= (InVlDi al atedQ[x_, y_]: =

Eval uat e[l nV1Di al at edEl | i pseEquati on]; I nV1Di al at edQ[x0, y01);

Finally, we want some access to the parameters of the ellipse; most of these are pretty
simple, but they are useful nonetheless

V1El li pseA: = (V1EllipseA=
Bl ock [{x, Yy}, Fi ndRoot [V1El | i pseEquation /.y » 0, {x, 1.0}1[[1, 2111);
V1El | i pseB: = (V1El lipseB =Bl ock[{X, Yy},
Fi ndRoot [V1El | i pseEquation /.x -0, {y, 1.0}1[[1, 2]111);
V1El | i pseX0 = 0;
V1El | i pseyO = 0;
V1El | i psee = 0;

V1Di al at edEl | i pseA: = (V1Di al at edEl | i pseA =

Bl ock [{x, y}, FindRoot [V1Di al at edEl | i pseEquation /.y -0, {x, 1.0}1[[1, 2111);
V1Di al at edEl | i pseB: = (V1Di al at edEl | i pseB =

Bl ock [{x, y}, FindRoot [V1Di al at edEl | i pseEquation /.x -0, {y, 1.0}1[[1, 211]);
V1Di al at edEl | i pseX0 = 0;
V1Di al at edEl | i psey0 = 0;
V1Di al at edEl | i psee = 0;

m Basic Plotting

Here we define some basic plotting routines. These should make plotting consider-
ably easier. All of them should be based on a particular mathematica plot and should
simply do preprocessing or slightly modify the arguments while still accepting all the
original arguments. Currently, there is only BrainPlot, which isavariant on ListDensi-
tyPlot.

(» BrainPlot is basically like ListDensityPlot, but with 2 extra

argunents: Filling and Sel ect (which can al nost always be left as is) and
with a few alternative default values that can easily be overridden. x)
Modul e [

{defaul t Args = { (* the argunents for ListDensityPlot that are non-standard =)
| mageSi ze » 3. 25 %72, (» by default inages are 3.25 inches wi de x)
Col or Functi on -» $Col or Scal eFuncti on,
Frame -» None,
Axes - None,
AspectRati o - 0.5,
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Pl ot Range -» Aut omati c,
Label Style - Directive[l0, FontFam |y - "Arial "]},
OWNArgs =
{ (» Argunents for BrainPlot that do not exist for ListDensityPlot =)
Filling-LightGay, (= Option specifies the color

to fill in for the V1Di al ated region (or None) =)
Sel ect -» I nV1Di al at edQ},

(* used when filling in gray points =)

bi nsz = 0. 02},

Brai nPl ot [data_List, opts: OptionsPattern[]] : = Modul e[
{sel =Function[{sel ectarg},
If [sel ectarg === None, (# &), Sel ect [#, sel ectarg] &]
1[OptionVal ue[Sel ect 117,
fillarg = OptionValue[Filling],
fill = Mdul e
{xs = Tabl e[x,
{X, -V1Di al at edEl | i pseA, V1D al at edEl | i pseA+bi nsz - 0. 00001, binsz}],
ys = Tabl e[y, {y, -V1Di al atedEl | i pseB, V1D al atedEl | i pseB +
bi nsz - 0. 00001, binsz}]},
Function[{fillarg},
Functi on[{dat },
Join[
dat,
Flatten[
Reap[
MapThr ead [
Function[{bin, pt}, If[bin<1&&InV1D al atedQ[pt], Sow[pt]1]],
{Bi nCount s [
dat [[AIl, 1;; 2]1,
{Fi r st @xs, Last e@xs, binsz},
{First eys, Last eys, binsz}],
Tabl e[
{x, y, -2000},
{X, Most exs},
{y, Most eys}]},
2]
100211,
111111,
drange = (M n[data[[All, 3]]], Max[data[[A |, 3111},
prol og = Opti onVal ue[Prol og] /. {None » {}, Automatic - {}},
prange = Opti onVal ue [Pl ot Range],
cfun = Opti onVal ue [Col or Functi on],
cfs = Opti onVal ue[Col or Functi onScal i ng],

ing},
I f [cfun === Automatic, cfun = Opti onVal ue[def aul t Args, Col or Function]];
fill =fill [fillargl;
prange = Wi ch[
prange === Aut omati c,
Whi ch [

drange[[2]] > 91.0, {0, 180},
drange[[2]] > 10.0, {0, 20},
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drange[[2]] > 0, {0, 10},
True, {-180, 0}1,
prange === Ful | , drange,
True, prangel;
Li st Densi tyPl ot [

Eval uate[fill [sel [data]]],
Eval uat e[
FilterRul es|
Join|
{Col or Functi onScal i ng - Fal se,
Col or Function » I f [cfs == True || cfs === Aut omati c,

If[#<-1000, fillarg, cfun]
Median[{0, 1, (#-prange[[1]]) / (prange[[2]]-prange[[1]1)}1]1] &
If [#<-1000, fillarg, cfun[Medi an[{prange[[1]], prange[[2]], #}11] &1,
Prolog-»If[fillarg =!=None,
Join[{fillarg,
Di sk[{0, 0}, {V1Di al atedEl | i pseA, V1D al atedEl | i pseB}]}, prol og],

prol ogl},
FilterRul es|

{opts},
Except [

{Col or Functi onScal i ng - Fal se, Pl ot Range -» Automatic, Prol og - None}]],
FilterRul es]

def aul t Args,
Except [{opts}1]1,
Options[ListDensityPlot]1]1111;
Options[BrainPlot] =Join|
OWnAr gs,
def aul t Args,
FilterRul es[Options[ListDensityPlot], Except [defaul tArgs]]1]];

= Aggregating Subjects

Thisisjust ahandy routine for aggregating subject data. It sums across points accord-
ing to their x and y coordinate; anything landing within a bin of size 0.005, which is
small enough that points only fall in the same bin when they’ re from different hemi-
spheres but are the same vertex, is passed through the second argument. Only the list
of the third coordinates are passed to this function.
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Aggr egat eSubj ect s[dat aLi st _Li st, aggFunc_]1:=Flatten]
Reap [
Scan|
| f [Lengt he# > O,
Sow[{Mean[#[[A |, 1111, Mean[#[[All, 2]1], aggFunc[&#[[Al, 3111}1] &
Mep [
Flatten[#, 1] &,
Bi nLi sts]
Fl atten[dataLi st, 117,
0. 005,
0. 005,
1007,
{2}1,
{2}]
100211,
11;

m Fitting Eccentricity and Polar Angle

We want to fit templates to the subjects BOLD fMRI data; the form of the templates
are defined here. Note that EccentricityCoordinate[] and PolarAngleCoordinate]] are
functions that convert a point in V1 into a single number that should, according to
models such as Schira et al and Balasubramanian et a, be equivalent to the axis along
which the respective valueslie.

Bl ock[{d, x, Yy},
$Pol ar Angl eTenpl at eForm : =
90.0 + 90.0 % (Sign[y] = Abs [Pol ar Angl eCoordi nate[x, y11°Q);
$Pol ar Angl eTenpl at eConstraints : = (q > 0.001);
$Pol ar Angl eTenpl at eParaneters : = {{q, 1.5}};

1.

Bl ock[{d, x, Y},
$EccentricityTenpl ateForm: = 90.0 % Exp[q * (EccentricityCoordinate[x, y] - 1)1;
$EccentricityTenpl ateConstraints: = (q>0.001);

$EccentricityTenpl at eParameters : = {{q, 4.0}};

1

(» An alternate tenplate; we don't actually use this in the paper,
but it denpnstrates how one could change the fit function. =)
(*
Bl ock[{q, X, Y},
$EccentricityTenpl ateForm : =
90. 0% (Exp[gqxEccentricityCoordinate[x, y1] - 1)/ (Exp[q] - 1);
$EccentricityTenpl at eConstrai nts: =(q>0. 001);
$EccentricityTenpl at eParameters: ={{q, 4. 0}};

*)

Fitting is done via equation forms using Mathematica' s NonlinearModelFit routine.
In order to facilitate this, we want to be able to define a coordinate system over the



V1-fitting-tutorial.nb | 15

V1 ellipse that uses decreasing ellipses and hyperbolas to give each vertex in V1 a
value on the range of [0,1] for the hyperbolas (which map roughly to eccentricity) and
[-1,1] for the ellipses (which map roughly to polar angle).

We call this the Elliptical CoordinateSystem.

We can determine this coordinate system from the V1 ellipse parameters, which are
drastically smplified since we' ve rotated it to be of avery ssimple form.

Eccentricity: We know from geometry that every ellipse of the form (x/a)*2 + (y/b)*2
= 1 is orthogonal to every hyperbola of the form x"2/(a*2-t) + y"2/(t - b"2) = 1. We
want to solve for the hyperbola of that form which passes through a particular point in
V1 and use that hyperbola s x-intercept as the eccentricity elliptical coordinate.

PolarAngle: We just want to define the elipse with an a parameter equal to the V1
ellipse’'s aparam and a b parameter that forces the ellipse to pass through the point in
guestion.
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Modul e [
{form= Block[{a, b, x0, y0, e, X, vy, t},
Full Simplify[ (» Here, we sinplify for the hyperbola form x)
Repl aceAl | [
Sgrt[a”2 -t]/a,
Simplify[
Sol ve[
XN2/(@M2 - t) - yr2/(t - br2) == 1,
t,

Real s],
{a"2 >t > b2 >0, x >0, y > 0}1[I[2,

norm = Block[{a, b}, Sgrt[a”2 - b"2]/a]l},
(*» Use these to declare the actual eccentricity coordinate function...

EccentricityCoordinate[A0_, ¢0_1 := Mdul e[

{via =
Bl ock[{x, Yy}, FindRoot [V1EllipseEquation /. y -> 0,
vlb = Block[{x, Yy}, FindRoot [V1ElIIlipseEquation /. x -> 0,
(» above we solved for the x- and y-intercepts,
which are the a/b paranmeters in the ellipse x)
form= Block[{a, b}, ReplaceAll [form {a -> vla, b -> vib}]]J;
norm = Block[{a, b}, ReplaceAl [norm {a -> vla, b -> vlb}]];

EccentricityCoordinate[a_, ¢_1 := Block[{X, Y},

Repl aceAl | [
Pi ecewi se[
{{0.5% (form/norm+ 1), x > 0}},
0.5% (1 - form/norm],
{X => Axnorm y -> ¢xnormpll;
Eccentrici tyCoordi nate[A0, ¢0]17;
(* and the polar angle function =)
Pol ar Angl eCoordi nate[A0_, ¢0_]1 := Mdul e[

{vila =
Bl ock[{X, Y},

111111,

*)

{x, 1.0}1001, 2111,
{y, 1.0}1001, 2111},

Fi ndRoot [V1El | i pseEquation /. y -> 0, {x, 1.0}1[[1, 2111,
vlb = Block[{X, Yy}, FindRoot [V1ElIlipseEquation /. x -> 0, {y, 1.03}1[[1, 2111},
Pol ar Angl eCoordinate[a_, ¢_] := Piecew se[

{{(¢*xvla/Sqgrt [vlia”2 - A"2]) /vlb, Abs[A] < vla}},

01;
Pol ar Angl eCoor di nat e[20, ¢0111;
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(» If figures are on, this will plot a nice inmage of the V1 region
as indexed by their polar angle and eccentricity coordi nates. =)
I f [$ShowFi gures,
Gr aphi csRow]
{BrainPl ot [
Map [
Append[#, Pol ar Angl eCoordi nate[#[[1]], #[[2]11]] &
Vi1,
Aspect Ratio -> 0.5,
Pl ot Range -» {-1, 1},
Col or Functi onScal i ng -> Fal se,
Col or Function -> (Blend[{Blue, Cyan, Geen, Yellow, Red}, (& +1)/2] &1,
Brai nPl ot [
Map [
Append [#, EccentricityCoordinate[&#[[1]], #[[2]]1]1] &
V1],
AspectRatio -> 0.5,
Pl ot Range -» {0, 1},
Col or FunctionScal i ng -> Fal sel}1]

s @)

Now that we have those functions setup, we can define the fitting functions!

These should take polar angle or eccentricity data for a subject and produce a
FittedM odel.
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FitEccentricity[dat_List, OptionsPattern[]] := Block[{g, X, Y},
Modul e [
{(fit =q /. FindFit]
Sel ect [
dat,
OptionValue[Select] /. {Automatic -> InV1iQ
{min_, max_} :> (InV1Q[#] && min <= #[[3]] <= max &)}],
{$EccentricityTenpl at eForm $EccentricityTenpl ateConstraints},
$EccentricityTenpl at ePar anet er s,
{xX. ¥y}
Nor nfFuncti on -> Function[{residual }, Norm[Log[Abs[residual] + 1111,
Met hod -> "NM ni m ze",
AccuracyGoal -> 61},
Nonl i near Mbdel Fi t [
dat,
{$EccentricityTenpl at eForm
fit - 0.00001 < g <= fit},
{{q, fit}y,
X, ¥y}
AccuracyGoal -> 6]111;
Options[FitEccentricity] = {Select -> InV1Q};

Fi t Pol ar Angl e[dat _List, OptionsPattern[]] := Block[{q, X, Y},
Modul e[
{(fit = q /. FindFit]
Sel ect [
dat ,
OptionValue[Select] /. {Automatic - | nV1Q}],
{$Pol ar Angl eTenpl at eFor m $Pol ar Angl eTenpl at eConstrai nts},
$Pol ar Angl eTenpl at ePar anet er s,
{x, vy}
Nor mFunction -> Function[{residual }, Norm[Log[Abs[residual] + 1111,
Met hod -> "NM ni m ze",
AccuracyGoal -> 61},
Nonl i near Model Fi t [
dat,
{$Pol ar Angl eTenpl at eFor m
fit - 0.00001 < q <= fit},
{{q, fit}},
{xX, y}111;
Options[FitPol arAngl e] = {Select -> InV1Q};

m Datasets

The DeclareDataset[] function allows us to setup a dataset for use in this file. A
dataset should generally be a series of subjects whose data were collected according
to the same procedure and can be analyzed as a unit.

When a dataset is declared, alarge number of lazy-evaluation data items are defined
along with it. Assoon as a dataset is defined (e.g. dataset = DeclareDataset|...];), one
can already call dataset[ Template,Eccentricity], for example, to get the eccentricity



V1-fitting-tutorial.nb | 19

template associated with the that dataset. Requesting this item will force the dataset
to load all of the subjects data, parse/transform it to the V1 eliptical system, and fit
the templates, but the results of each of these processes will be saved along the way
so that subsequent requests for any of them will be immediate.

Decl ar eDat aset [

doc_String,

subjects: {_String..},

| oadFuncti on_,

OptionsPattern[]] : =

Modul e[

{preproc = Opti onVal ue[Preprocessor ],
post proc = Opti onVal ue [Post processor ],
i dvert = OptionVal ue[l dentical Vertices],
sti mul usRange = Opti onVal ue[Sti nmul usRange],
pasel = OptionVal ue[Pol ar Angl eSel ect 1,
eccsel = OptionVal ue[EccentricitySel ect],
rhreverse = Opti onVal ue[Rever seRi ght Heni sphere],
dat a},

dat a[Description] = doc;

dat a[Subj ect s] = subj ect s;

data[Sti nmul usRange] = sti mul usRange;

data[Preprocessor] =1f [preproc === None, (None &), preprocl;
dat a[Post processor ] = | f [post proc === None, (#2 &), postproc];
dataf[ldentical Vertices] =idvert;

dat a[LoadFunction] =1 oadFuncti on;

dat a[Pol ar Angl eSel ect ] = pasel ;

data[EccentricitySel ect] = eccsel;

(» How we | oad the data--this auto-caches itself x)
dataf[sub_? (StringQ[#] ||| ntegerQ[#] &) ] [Data] : = Modul e[
{subj ect =1f [StringQ[sub], sub, subjects[[sub]]],
subjectI D=
I f[StringQ[sub], First [Flatten[Position[subjects, sub]]], sub]},
If
Menber Q[subj ects, subj ect ],
Modul e [
{pre = data[Preprocessor][subjectlD], tnp},
tmp = Map [
V1Tr ansform
dat a[Post processor ] [subj ect, | oadFuncti on[subject, prel], prel,

{2}1;
If[(rhreverse === Automatic &Mean[tnmp[[2, 1, All, 3111 <0) |]
rhreverse === True,

top[[2, 111 =trp[[2, 1]]. {{1, O, O}, {O, 1, O}, {O, O, -1}}1;
dat a[subj ect |1 D] [Data] =t np;
dat a[subj ect ] [Data] =t np;
tnp],
(Print ["Provided subjectIDis not a subject in this dataset"]; Abort[])]11;
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(» How we calculate the fits... will also auto-cache itself =x)
dataf[sub_? (StringQ[#] || I ntegerQ[#] & 1[Fit]:=Mdule[
{subj ect =1f [StringQ[sub], sub, subjects[[sub]]],
subj ectI D=
I f [StringQ[sub], First [Flatten[Position[subjects, sub]]], subl},
If
Menber Q[subj ect's, subject],
(dataf[subjectID][Fit] =List[
(» LH first =)
{Fi t Pol ar Angl e[dat a[subj ect | D] [Lef t Henm sphere, Pol ar Angl e],
Sel ect - pasel ],
FitEccentricity[data[subject!D][LeftHem sphere, Eccentricity],
Sel ect -» eccsel 1},
(*» Then RH x)
{Fi t Pol ar Angl e [dat a[subj ect | D] [Ri ght Hemi sphere, Pol ar Angl e],
Sel ect - pasel ],
FitEccentricity[data[subject! D] [R ghtHen sphere, Eccentricity],
Sel ect » eccsel 1}1;
data[subject][Fit] =data[subjectID][Fit];
data[subjectID][Fit]),
(Print[
"Provided subjectIDis not a subject in this dataset"]; Abort []1)]];

(» W al so want access to | eave-one-out tenplate fits;
for a single subject, this is the tenplate fit from everyone el se x)
dataf[sub_? (StringQ[#] | | I nteger Q[#] &) ] [LeaveOneQut,
type: (Pol arAngle | Eccentricity)] : = Mdul e[
{subject =1f [StringQ[sub], sub, subjects[[sub]]],
subjectI D=
If[StringQ[sub], First [Flatten[Position[subjects, sub]]1], sub]},
IfI
Menber Q[subj ect s, subj ect], Mdul e[
{pts = Sel ect [
Flatten[Del et e[dat a[type], subjectl D], 27,
dataf[lf [type === Pol ar Angl e, Pol ar Angl eSel ect, EccentricitySelect]]1]1},
| f [type === Pol ar Angl e,
dat a[subj ect| D] [LeaveOneCut, type] = Fi t Pol ar Angl e [pt s]1,
dat a[subj ect| D] [LeaveOneQut, type] = FitEccentricity[pts]];
dat a[subj ect ] [LeaveOneQut, type] = data[subj ect| D] [LeaveOneCQut, typell,
(Print["Error: " <>subject <>" is not a subject in dataset"]; Abort[])11];
dataf[sub_? (StringQ[#] || I ntegerQ[#] & 1[
LeaveOneCQut, hem: (Ri ght Heni sphere | Left Heni sphere),
type: (PolarAngle | Eccentricity)] :=Mdulef
{subject =1f [StringQ[sub], sub, subjects[[sub]]],
subj ectI D=
I f [StringQ[sub], First [Flatten[Position[subjects, sub]]], subl},
IfI
Menber Q[subj ect's, subj ect], Modul e[
{pts = Sel ect [
Fl atten[Del et e[dat a[hem type], subjectlD], 11,
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dataf[lf [type === Pol ar Angl e, Pol ar Angl eSel ect, EccentricitySelect]11},
I f [type === Pol ar Angl e,
dat a[subj ect | D] [LeaveOneQut, hem type] = Fit Pol ar Angl e [pt s],
dat a[subj ect | D] [LeaveOneQut, hem type] = FitEccentricity[pts]];
dat a[subj ect ] [LeaveOneQut, hem type] =
dat a[subj ect | D] [LeaveOneQut, hem type]],
(Print ["Error: " <>subject <>" is not a subject in dataset"]; Abort [])]11;
dat a[LeaveOneCQut ] : =
(dat a[LeaveOneQut ] = Map[dat a[#] [LeaveOneQut ] &, subjects]);
data[LeaveOneQut, hem: (R ghtHemi sphere | LeftHeni sphere)] : =
(dat a[LeaveOneCQut, hem] = Map[dat a[#] [LeaveOneCQut, hem] & subjects]);
dat a[LeaveOneQut, type: (Pol arAngle | Eccentricity)] : =
(dat a[LeaveOneQut, type] = Map[dat a[#] [LeaveOneQut, type] & subjects]);
dat a[LeaveOneCQut, hem: (R ghtHemni sphere | Left Henmi sphere),
type: (PolarAngle | Eccentricity)] := (data[LeaveOneQut, hem type] =
Map [dat a[#] [LeaveOneQut, hem type] & subjects]);
dat a[LeaveOneQut, type: (Pol ar Angl e | Eccentricity),
hem: (Ri ght Hermi sphere | Left Heni sphere)] : = (data[LeaveOneQut, hem type] =
Map [dat a[#] [LeaveOneQut, hem type] & subjects]);

(» All data: will autocache itself =)
dataf[Data] : = (data[Data] = Map[dat a[#] [Data] & subjects]);
data[Left Hem sphere] : =data[Data][[AIl, 1]1;
dat a[Ri ght Hem sphere] : =data[Data][[A |, 2]7;
dataf[Pol ar Angl e] : =data[Data][[Al, All, 117;
data[Eccentricity] : =data[Data][[Al, AIl, 2]7;
dat a[Left Hem sphere, Pol arAngle] : =data[Data][[All, 1, 1]17;
dat a[Left Hem sphere, Eccentricity]:=data[Datal[[AIl, 1, 2]];
dat a[Ri ght Hemi sphere, Pol ar Angl e] : =data[Datal[[Al, 2, 111;
dat a[Ri ght Hem sphere, Eccentricity]:=data[Data][[Al, 2, 2]1;
dat a[Pol ar Angl e, LeftHem sphere] : =data[Datal][[AIl, 1, 111;
dataf[Eccentricity, LeftHem sphere] : =data[Data][[Al, 1, 2]1;
dat a[Pol ar Angl e, Ri ght Hem sphere] : =data[Data][[A |, 2, 1]1];
dataf[Eccentricity, Ri ghtHem sphere] :=data[Data][[AIl, 2, 2]1;
dataf[Fit]:= (data[Fit] = Map[data[#][Fit] & subjects]);
data[FitPol arAngle] : =
(dat a[Fit Pol ar Angl e] = Map[dat a[#] [Fi t Pol ar Angl e] & subjects]);
data[FitEccentricity] := (data[FitEccentricity] =
Map[dat a[#] [Fit Eccentricity] & subjects]);
dat a[Fi t Pol ar Angl e, LeftHeni sphere] : = (data[FitPol ar Angl e, LeftHem sphere] =
Map [dat a[#] [Fi t Pol ar Angl e, Left Hemi sphere] & subjects]);
dat a[Fi t Pol ar Angl e, Ri ght Hemi sphere] : = (data[Fit Pol ar Angl e, R ght Hem sphere] =
Map [dat a[#] [Fi t Pol ar Angl e, Ri ght Hem sphere] &, subjects]);
data[FitEccentricity, R ghtHem sphere] : =
(dataf[FitEccentricity, Ri ghtHem sphere] =
Map [dat a[#] [Fi t Eccentricity, Ri ghtHem sphere] & subjects]);
data[FitEccentricity, LeftHem sphere] : =
(data[FitEccentricity, LeftHem sphere] =
Map [dat a[#] [Fi t Eccentricity, Left Hem sphere] & subjects]);
data[FitParanmeters] : = (data[FitParaneters] = Map[data[#][Fit] & subjects]);
MapThr ead [
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Function[{sID, s},
dat a[sl D] [Ri ght Hem sphere] : =data[s] [Data]l[[2]];
data[sl D] [Left Hem sphere] : =data[s][Data]l[[1]];
data[sl D] [Pol ar Angl e] : =data[s][Data][[Al, 1]1];
data[sl D] [Eccentricity] :=data[s][Data][[A |, 2]7;
dat a[sl D] [Ri ght Hemi sphere, Pol ar Angl e] : =data[s][Datal[[2, 1]];
dat a[sl D] [Pol ar Angl e, Ri ght Hemi sphere] : =data[s][Datal[[2, 1]];
dat a[sl D] [Lef t Hemi sphere, Pol ar Angl e] : =data[s][Data][[1l, 1]1;
dat a[sl D] [Pol ar Angl e, Left Hem sphere] : =data[s][Data][[1l, 1]1;
dat a[sl D] [Ri ght Hemi sphere, Eccentricity] :=data[s][Data][[2, 2]];
data[sl D] [Eccentricity, Ri ghtHem sphere] :=data[s][Data][[2, 2]];
data[sl D] [Left Hem sphere, Eccentricity] :=data[s][Datal[[1, 2]];
data[sl D] [Eccentricity, LeftHem sphere] : =data[s][Datal[[1, 2]1;
(» Here, we declare the fits =)
data[sI D] [FitPolarAngle] : =data[s][Fit]J[[AIl, 117;
dataf[sI D] [FitEccentricity]:=data[s][Fit][[AIl, 2]7;
dat a[sl D] [Ri ght Hemi sphere, FitPolarAngle] :=data[s][Fit][[2, 1]11;
dat a[sl| D] [Fi t Pol ar Angl e, Ri ght Hem sphere] : =dataf[s][Fit][[2, 1]];
dat a[sl D] [Lef t Hemi sphere, FitPol arAngle] :=data[s][Fit]1[[1, 111;
dat a[sl D] [Fi t Pol ar Angl e, LeftHem sphere] : =data[s][Fit]1[[1, 111;
dat a[sl D] [Ri ght Hemi sphere, FitEccentricity]:=data[s][Fit]1[[2, 2]];
data[sI D] [FitEccentricity, R ghtHem sphere] :=data[s][Fit]1[[2, 2]];
dat a[sl D] [Left Hemi sphere, FitEccentricity]:=data[s][Fit]1[[1, 2]1;
data[slI D] [FitEccentricity, LeftHem sphere] : =data[s][Fit]1[[1, 2]];
(» W also want an interface to fit paraneters... =)
data[slI D] [FitParaneters] : = (data[sl D] [FitParanmeters] =
Map [#["BestFit Paranmeters”"][[1, 2]] & data[sIDI[Fit], {2}1);
data[sl D] [FitParameters, Eccentricity]: =
data[sl D] [FitParanmeters][[Al, 2]7;
data[sl D] [Fi t Paraneters, Pol ar Angl e] : =data[sI D] [FitParanmeters][[Al, 1]17;
data[sl D] [Fi t Paraneters, LeftHem sphere] : =data[s| D] [FitParameters][[1]];
data[sl D] [Fi t Paranet ers, Ri ght Henmi sphere] : =data[s|I D] [FitParameters][[2]];
data[sl D] [Fi t Paraneters, LeftHem sphere, Pol ar Angle] : =
data[sI D] [FitParaneters][[1, 1]1;
data[sl D] [Fi t Paraneters, LeftHem sphere, Eccentricity]:
data[sI D] [FitParaneters][[1, 2]1;
data[sl D] [Fit Paranet ers, Ri ght Hem sphere, Pol ar Angle] : =
data[sI D] [FitParaneters][[2, 1]1];
data[sl| D] [Fi t Paramet ers, Ri ght Hem sphere, Eccentricity]: =
data[sl D] [FitParanmeters][[2, 2]];
data[sl D] [Fi t Paranet ers, Pol ar Angl e, LeftHem sphere] : =
data[sI D] [FitParaneters][[1, 1]1;
data[sl D] [Fi t Paraneters, Eccentricity, LeftHeni sphere]:
data[sI D] [FitParaneters][[1, 2]1;
data[sl| D] [Fi t Paraneters, Pol ar Angl e, Ri ght Heni sphere] : =
data[sI D] [FitParaneters][[2, 1]1;
data[sl D] [Fit Paraneters, Eccentricity, R ghtHeni sphere]:
data[s|I D] [FitParaneters][[2, 2]1];
1,
{Joi n[Range [Lengt hesubj ects], subjects], Join[subjects, subjects]}];



(» W want to be able to produce aggregates... =)
dat a[Aggregat e, hem: (LeftHeni sphere | Ri ght Hemi sphere),
type: (PolarAngle | Eccentricity)] :=Mdulef
{bi nnedDat a = Transpose[ (x Here,
we collect the points into individual bins =)
Map [
Flatten[#, 1] &,
Bi nLists][
Sel ect [
Fl atten[data[hem type], 11,
I nV1Di al at edQ],
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{Tabl e[x, {x, -V1Di al atedEl | i pseA, V1D al at edEl | i pseA, 0.005}1},
{Tabl e[y, {y, -V1Di al atedEl | i pseB, V1D al at edEl | i pseB, 0. 005}1},

{{-0.01, 180.01}}1,
{2311},

(» Having done that, we can go through and reap the nedians! =)

dat a[Aggregate, hem type] = Reap[
Scan|
| f [Lengthe# > 2 &&

St andardDevi ation[#[[All, 3111 <If [type === Pol ar Angl e, 60, 3. 3],
Sow[{Mean[#[[AIl, 1111, Mean[#[[AIl, 2111, Median[#[[A |, 311]1}]1]1 &

bi nnedDat a,
{2}1]
1002, 1111,

dat a[Aggregate, type: (PolarAngle | Eccentricity)] :=Mdule[

{bi nnedDat a =

Transpose[(* Here, we collect the points into individual

Mep [
Flatten[#, 1] &,
Bi nLists][
Sel ect [
Fl atten[data[type], 21,
I nV1Di al at edQ],

bi ns =)

{Tabl e[x, {x, -V1Di al atedEl | i pseA, V1D al at edEl | i pseA, 0.005}1},
{Tabl e[y, {y, -V1Di al atedEl | i pseB, V1Di al at edEl | i pseB, 0. 005}1},

{{-0.01, 180.01}}1,
{2311},

(* Having done that, we can go through and reap the nedians! =)

dat a[Aggregate, type] = Reap|
Scan|
| f [Lengthe# > 2 &&

St andardDevi ation[#[[Al |, 3111 <If [type === Pol ar Angl e, 60, 3. 3],
Sow[{Mean[#[[AIl, 1]1], Mean[#[[AIl, 2111, Median[#[[A |, 31]1]1}]1]1 &

bi nnedDat a,
{2}1
1002, 1111;
dat a[Aggregate] : =

{dat a[Aggr egat e, Pol ar Angl e], dat a[Aggregate, Eccentricity]};

(» W also want to be able to produce tenplates;

simul taneous fits to all data points; note that we pre-

|23
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sel ect here instead of allow ng the NonlinearMdelFit to include all points;
this is because there are just so many when you fit the
aggregate that we don't want it thinking about the extras =)
data[Tenpl ate, hem: (R ghtHemni sphere | Lef t Heni sphere), Pol ar Angle] : = (
data[Tenpl ate, hem Pol ar Angl e] = Fi t Pol ar Angl e[
Sel ect [
Fl atten[dat a[hem Pol ar Angl e], 11,
dat a[Pol ar Angl eSel ect 111);
dat a[Tenpl ate, hem: (Ri ght Hermi sphere | Left Hem sphere), Eccentricity] : = (
data[Tenpl ate, hem Eccentricity] =FitEccentricity[
Sel ect [
Fl atten[dat a[hem Eccentricity], 11,
dataf[EccentricitySelect]]1]);
data[Tenpl ate, Pol arAngle] : = (
data[Tenpl at e, Pol ar Angl e] = Fi t Pol ar Angl e[
Sel ect [
Fl atten[dat a[Pol ar Angl e], 2],
dat a[Pol ar Angl eSel ect 111);
data[Tenpl ate, Eccentricity] := (
data[Tenpl ate, Eccentricity] =FitEccentricity]
Sel ect [
Fl atten[data[Eccentricity], 21,
dataf[EccentricitySelect]1]])
data[Tenpl ate] : = {data[Tenpl ate, Pol ar Angl e], data[Tenpl ate, Eccentricity]};

(» Finally, return the synbol to which this is all attached. =)
dat aj;
ons [Decl areDat aset ] = {
(» The range of the stimulus used during the experinent;
by default this is out to 10° %)
Sti mul usRange -» {0, 10},
(» The preprocessor function is called i mediately before a
subject is loaded. It is passed the subject id. |Its result is
passed to the | oader function and the postprocessor function =x)
Pr eprocessor - None,
(» The postprocessor is called inmedi ately after |oading and
transformations. It is passed the subject id, the | oaded/transformed data,
and the return value of the preprocessor (None if there is no preprocessor).
It should return the data after perform ng any post -processing:
data = postprocessor [id, data, preprocessor_return] =)
Post processor -» None,
(» If the eccentricity and polar angle
data contain identical vertices (ie, they were fit jointly,
perhaps with the PRF nethod), this should be true =)
I dentical Vertices -» Fal se,
(» These options are ways to pass
argunents directly to FitEccentricity and FitPol ar Angle =)
EccentricitySel ect » I nV1Q
Pol ar Angl eSel ect -» I nV1Q
(» Some datasets have RH data that is in negative degrees;
we want to convert these (done automatically),
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but you can turn this off or force it to invert using this option =)
Rever seRi ght Hem sphere - Aut omati c
3
(» make sure our options are protected =)
Scan[
(Unprotect [#]; # =#; Protect [#];) &
Join[
Options[Decl areDataset J[[AIl, 117,
{Description, Subjects, Stinmul usRange, Eccentricity,
Pol ar Angl e, Ri ght Hemi sphere, LeftHem sphere, LoadFuncti on,
Dat a, Fit Parameters, Aggregate, Tenpl ate, LeaveOneQut }11;

m Joining Dataset Templates

This function will let usjoin the templates of two datasets into a single template

Joi nt Tenpl at e[dat asets_Li st, hem : (LeftHeni sphere | Ri ght Heni sphere | None),
type: (Eccentricity | PolarAngle)] : = Mdul e[
{qq = Medi an[
Map [
I f [hem === None,
(#[Tenpl ate, type]["BestFitParameters"][[1, 2]] &),
(#[Tenpl ate, heni, type]["BestFitParaneters"]1[[1, 2]1] &)1,
dat asets]]},
Swi tch[type,
Pol ar Angl e, Function[{x0, y0},
Eval uate[Bl ock[{x = x0, y =y0, g = qq}, $Pol ar Angl eTenpl ateForm] ],
Eccentricity, Function[{x0, yO}, Evaluate[
Bl ock[{x =x0, y =y0, q=qq}, $EccentricityTenpl ateForm]]1111;

Dataset Declaration

This section includes parameters that specify where we load the data. Each dataset is
a distinct set of data (eg, different retinotopy experiments) that has been collected.
For our purposes, we have labeled the datasets by how many degrees of eccentricity
were mapped (10 and 20). Datasets must be declared via the DeclareDataset function,
which is documented in the Introduction/L ocal Functions section.

Note that the datasets do not |oad instantaneously; instead, they load themselves once
the datais requested. If you want to force the dataset to load immediately, evaluate
data <dataset-name>][Data]

immediately after declaring it.

After declaring a dataset, we can use it in afew ways. Suppose we've just declared a
dataset and stored it in the variable setl:

setl[Data] => thefull list of {{LH polar angle, LH eccentricity}, { RH polar angle},
{RH eccentricity}} for each subject
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set1[LeftHemisphere] => the full list of {LH polar angle, LH eccentricity} for each

subject

setl[Eccentricity] => the full list of { LH eccentricity, RH eccentricity} for each sub-
ject

setl[RightHemisphere, PolarAngle] => thefull list of RH polar angle for each subject
setl[“subjectl’][RightHemisphere] => the {RH polar angle, RH eccentricity} data

for subject “subjectl” assuming this subject exists

m Declare Dataset 1 (10° stimulus)

Here we declare our first dataset, which we call dataset 10 (because the stimulus goes
out to 10° of eccentricity). The
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(» Qur first dataset: datalO; for our file-load function,
we use an fstat cutoff of 8 x)

Wthi

{$FSt at Cut of f = 83,

dat al0 = Decl areDat aset [
"Qur dataset of subjects with retinotopy nmeasured out to 10°",

(» W find our subjects froma file... %)
| nport [$Tenpl at eDirectory <>" /subj ect s/subj ect s-dat aset 10. t xt", "Words"],

(* The function that, given a subject id, |oads the data x)
Function[{id},

Modul e [
{Ifl = $Tenpl ateDirectory <> " /subjects/" <>id <> "-lh.dat",
rfl = $Tenpl ateDirectory <> "/subjects/" <>id <> "-rh.dat",
(» Here's how we collect a hem sphere's data... =x)
import = Function[{fil e},
Flatten[
Last [
Reap[
Repl ace[

I mport [file, "Table"],
{X_, Y_, z_, polarAngle_, eccentricity_, fstat_3} :> (
I f [fstat >= $FStat Cut of f,

Sow[
Append[{X, y, z}, polarAngle], "PolarAngle"];

Sow[
Append[{x, Yy, z}, eccentricity], "Eccentricity"]1),

{111,
{"Pol ar Angl e", "Eccentricity"}11],

111},
(» First, read in the left «)

{inmport [Ifl], inport[rfl]}11],

(* This dataset has RH data that goes from -180->0, so we correct for this x)
Rever seRi ght Hem sphere -> True,

(» Selections for fitting =)

EccentricitySel ect ->
(InV1Q[#] && 2.5 <= #[[3]] <= 8.0 & #[[1]] < V1EI lipseA/3 &),

Pol ar Angl eSel ect -> (I nV1Q[#] &% #[[1]] < V1EllipseA/3 &),

(» G her details %)
Sti mul usRange -> {{0, 180}, {0, 10}},
I dentical Vertices -> True]];

m Declare Half-length Datasets

These datasets are the same as the above dataset, but they are each for half the length;
we ca use these to look at reproducibility errors.
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Wth[
{$FStat Cutof f = 13},

dat alOhal f1 = Decl ar eDat aset [
"Qur dataset of subjects with retinotopy measured out to 10°",

(» W find our subjects froma file... x)

| nport [
$Tenpl ateDirectory <>" /subj ect s/subj ect s-dat aset 10hal f1.txt", "Words"],

(» The function that, given a subject id, |oads the data x)

Function[{id},
Modul e [

{Ifl = $Tenpl ateDirectory <> "/subjects/" <> id <> "-lh.dat",
rfl = $Tenpl ateDirectory <> " /subjects/" <>id <> "-rh.dat",
(» Here's how we col |l ect a hemi sphere's data... =)
import = Function[{fil e},

Flatten[

Last [

Reap[

Repl ace[

I mport [file, "Table"],
{Xx_, Y_, z_, polarAngle_, eccentricity_, fstat_} :> (
I f [fstat >= $FStat Cutoff,

Sow[
Append[{x, y, z}, polarAngle], "PolarAngle"];

Sow[

Append[{X, Yy, z}, eccentricity], "Eccentricity"]]),
{111,
{"Pol ar Angl e", "Eccentricity"}]1,

111},
(» First, read in the left x)

{import [Ifl], import[rfl]}11,

(*» This dataset has RH data that goes from -180->0, so we correct for this x)
Rever seRi ght Hem sphere -> True,

(* Selections for fitting =)

EccentricitySel ect ->
(InV1Q[#] && 2.5 <= #[[3]] <= 8.0 & #[[1]] < V1EI lipseA/3 &),

Pol ar Angl eSel ect -> (InV1Q[#] &% #[[1]1] < V1EIlipseA/3 &),

(» G her details %)
Stimul usRange -> {{0, 180}, {0, 10}3},
I dentical Vertices -> True]l;
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Wth[
{$FStat Cut of f = 13},

dat alOhal f2 = Decl ar eDat aset [
"Qur dataset of subjects with retinotopy measured out to 10°",

(» W find our subjects froma file... x)

| nport [
$Tenpl ateDirectory <>" /subj ect s/subj ect s-dat aset 10hal f2. txt", "Words" ],

(» The function that, given a subject id, |oads the data x)

Function[{id},

Modul e [
{Ifl = $Tenpl ateDirectory <> "/subjects/" <>id <> "-lh.dat",
rfl = $Tenpl ateDirectory <> " /subjects/" <>id <> "-rh.dat",
(» Here's how we col |l ect a hemi sphere's data... =)
import = Function[{fil e},
Flatten[
Last [
Reap[
Repl ace[
I mport [file, "Table"],
{X_, Y_, z_, polarAngle_, eccentricity_, fstat_3} :> (
I f [fstat >= $FStat Cutoff,
Sow[
Append[{x, y, z}, polarAngle], "PolarAngle"];
Sow[
Append[{Xx, y, z}, eccentricity], "Eccentricity"11]),

{111,
{"Pol ar Angl e", "Eccentricity"}]1,

111},
(» First, read in the left =x)

{import [Ifl], import[rfl]}11,
(* This dataset has RH data that goes from -180->0, so we correct for this x)

Rever seRi ght Hem sphere -> True,

(* Selections for fitting =)

EccentricitySel ect ->
(InV1Q[#] && 2.5 <= #[[3]] <= 8.0 & #[[1]] < V1EI lipseA/3 &),

Pol ar Angl eSel ect -> (InV1Q[#] &% #[[1]] < V1EIlipseA/3 &),

(» G her details %)
Stimul usRange -> {{0, 180}, {0, 10}3,
I dentical Vertices -> True]l;

m Declare Dataset 2 (20° stimulus)

Here we declare our second dataset, which we call dataset 20 (because the stimulus
goes out to 20° of eccentricity). The
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(» Qur second dataset: Dataset [20];
for our file-load function, we use an fstat cutoff of 5 )
Wthi

{$FSt at Cut of f = 3},

dat a20 = Decl ar eDat aset [
"Qur dataset of subjects with retinotopy measured out to 20°",

(» W find our subjects froma file... x)
| nport [$Tenpl at eDirectory <>" /subj ect s/subj ect s-dat aset 20. t xt", "Words" ],

(» The function that, given a subject id, |oads the data x)
Function[{id},
Modul e [
{Ifl =%Tenpl ateDirectory <>"/subj ects/" <>id<>"-Ih.dat",
rfl =$Tenpl ateDirectory <>" /subj ects/" <>id<>"-rh.dat",

(» Here's how we collect a hem sphere's data... =x)
import = Function[{file},
Flatten[
Last [
Reap[
Repl ace[

I mport [file, "Table"],
{X_,y_, z_, polarAngle_,
eccentricity_, fstatAngle_, fstatEccen_} = (
| f [fstat Angl e = $FSt at Cut of f,
Sow[
Append[{X, ¥y, z}, pol arAngl e], "Pol ar Angl e"11;
| f [fstat Eccen > $FSt at Cut of f,

Sow[
Append[{X, ¥y, z}, eccentricity], "Eccentricity"1]1),
{1}1,
{"Pol ar Angl e", "Eccentricity"}11,

111},
(» First, read in the left =x)

{import [Ifl7, inport[rfl]3}11,

(*» This dataset has RH data that goes from -180-0,
so we correct for this x)
Rever seRi ght Heri spher e - Fal se,

(» Selections for fitting =)
EccentricitySel ect » (I nV1Q[#] & 2.5 < #[[3]] <18.0&&
EccentricityCoordinate[#[[1]], #[[2]]] <0.75 &),
(» It seems that the fit qualities are better when we
i nclude extrastriate regions for polar angle;
this seens to be because sone of the subjects have splotchy data
right inside the V1 ellipse, |eaving poor extrema to fit the nodel. =)
Pol ar Angl eSel ect -» (I nV1Q[#] &&
EccentricityCoordinate[#[[1]], #[[2]]] <0.75 &),
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(* O her details =*)
Sti mul usRange » {{0, 180}, {0, 20}},
I dentical Vertices » Fal se]];

m Declare Repeat-run Dataset

This dataset is for a subject who did several runs of 16 minutes each; we use him to
examing how MRI quality falls off with timein the scanner.
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Wth[{$FStatCutoff =8},
dat aLR = Decl ar eDat aset [
"Qur single subject with long repeated runs; retinotopy neasured out to 10°",

(» W find our subjects froma file... *)
| nport [
$Tenpl ateDirectory <>" /subj ect s/l ongrun/subj ect s-l ongrun.txt", "Wrds"],

(» The function that, given a subject id, |oads the data =)
Function[{id},
Modul e [
{Ifl =$Tenpl ateDirectory <>"/subjects/l ongrun/" <>id<>"-lh.dat",
rfl =$Tenpl ateDirectory <>"/subjects/longrun/" <>id<>"-rh.dat",

(» Here's how we coll ect a hemi sphere's data... x)
import = Function[{file},
Flatten[
Last [
Reap[
Repl ace[

I mport [file, "Table"],
{Xx_, y_, z_, polarAngle_, eccentricity_, fstat_} = (
I f [fstat > $FSt at Cut of f,

Sow[
Append[{x, y, z}, pol ar Angl e], "Pol ar Angl e"1;
Sow[
Append[{X, Yy, z}, eccentricity], "Eccentricity"11),
{1}1,
{" Pol ar Angl e", "Eccentricity"}11,

111},
(» First, read in the left =x)

{import [Ifl], inmport [rfli1}11,

(» This dataset has RH data that goes from -180-0,
so we correct for this =)
Rever seRi ght Heni sphere - True,

(» Selections for fitting =)
EccentricitySel ect » (I nV1IQ[#] &% 2.5 < #[[3]] <8.0&&
EccentricityCoordinate[#[[1]], ®#[[2]1]] <0.75 &),
Pol ar Angl eSel ect -» (I nV1Q[#] & Eccentri cityCoordi nate[
#[[11]1, #[[2]1]1 <0.75 &),

(* O her details =)
Sti mul usRange -» {{0, 180}, {0, 10}},
I dentical Vertices -» True]];
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Images

= Anatomical Plot

Here, we create a plot of the cortical surface anatomy with the Hinds V1 border in a
dotted black lineand the V1 éllipse in red.

Modul e [
{i ng = Show[
{Li st Cont our Pl ot [
Sel ect [Anat ony, | nV1Di al at edQ],
Col or Function » (GrayLevel [1-0.8 x#] &),
AspectRatio - 0.5,
Frame - None,
Axes - None],
Li st Pl ot [
V1Hul |,
Pl ot Styl e » {Thi ck, Bl ack, Dashed},
Joi ned » True],
Pl ot [
#[[2]] &/eLi st @@ Qui et [Reduce[V1El | i pseEquation, y]1,
{X, -V1El | i pseA, V1El|i pseA},
PlotStyle » {Red, Red}1}1},
Fi gur eExport ["anat ony. pdf", i ng, "PDF", | nageResol uti on » 6007;
| f [$ShowFi gures, ing]]

m Aggregate Plots

Aggregates of polar angle and eccentricity. We haven’'t plotted these per hemisphere,
but the results look remarkably similar.
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tnp =Wth[{data = dat al0, type = Pol ar Angl e},
Modul e [
{bi nnedDat a =
Transpose[(* Here, we collect the points into individual bins x)
Map [
Flatten[#, 1] &
Bi nLi sts]
Sel ect [
Flatten[data[type], 2],
I nV1Di al at edQ],
{Tabl e[x, {x, -V1Di al at edEl | i pseA, V1Di al at edEl | i pseA, 0.005}1},
{Tabl e[y, {y, -V1Di al at edEl | i pseB, V1Di al at edEl | i pseB, 0. 005}]},
{{-0.01, 180.013}}1,
{2311},
{bi nnedDat a,
Reap [
Scan [
I f [Lengt he# > 2 &&
St andardDevi ati on[#[[All, 3111 <If [type === Pol ar Angl e, 60, 3. 31,
Sow[{Mean[#[[A |, 1111, Mean[#[[AIl, 2111, Median[#[[Al, 3111}11 &
bi nnedDat a,
{2}1
1002, 1113105
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pl ot Aggr egat es = Functi on[{data, export Nane},

Modul e [
{img = GaphicsGid[
Map [
Show [
{#,
Li stPl ot [VIHUl |, Pl ot Styl e » {Thi ck, Bl ack, Dashed}, Joined » Truel}] &,
Map [
{Brai nPl ot [
Sel ect [
| f [# === None,

dat a[Aggr egat e, Pol ar Angl e],
dat a[Aggr egat e, #, Pol ar Angl e]1],

EccentricityCoordinate[#[[1]], #[[2]]1] < 0. 75 &],
Pl ot Range -» {0, 180},

Filling - Li ght G ay,

Pl ot Label - Style[
VWi ch[# === Lef t Hem sphere,

"LH', # === Ri ght Hem sphere, "RH', True, "Both"],
FontFamily -» "Arial",
Font Si ze » 1211,
Brai nPl ot [

Sel ect [

| f [# === None,
dat a[Aggregate, Eccentricity],
dat a[Aggregate, #, Eccentricity]l],

EccentricityCoordinate[#[[1]], #[[2]]1] < 0. 75 &],
Pl ot Range -» {0, 20},

Col or Functi on -» Function[{v},
Bl end [
Join[
$Col or Scal eCol ors,
Take[
Flatten[

{Tabl e [Bl ack, {Fl oor [ (Lengt h[$Col or Scal eCol ors]) /2]}1,

Tabl e[Gray, {Floor [(Length[$Col orScal eColors]) /721}1}1,
Lengt h[$Col or Scal eCol ors] - 177,

vll,
Filling - Li ght G ay,
Pl ot Label -» Styl e[
Whi ch[# === Lef t Heni sphere,
"LH', # === Ri ght Hemi sphere, "RH"', True, "Both"1],
FontFamily -» "Arial",
Font Si ze - 1211} &,
{None, LeftHem sphere, R ght Hem sphere}],
{2}11},
Fi gur eExport [export Name <>". pdf", iy, "PDF", | mageResol uti on - 6007;
| f [$ShowFi gures, inglll;
pl ot Aggr egat es [dat al0, "aggregat es10"]
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Thisisthe same for dataset 20
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pl ot Aggr egat es [dat a20, "aggr egat es20" ]
Both

= Template Plots

This code will produce plots of the template predictions; in the case of Polar Angle, it
projects the template beyond the elliptical borders a bit.

Function[{data},
Modul e [
{i my = G aphi csRow[
Map [
Show]
{#,
Li st Pl ot [V1IHuUl |, Pl ot Styl e - {Thi ck, Bl ack, Dashed}, Joi ned » Truel}] &,
{Brai nPl ot [
Map [
Modul e [ {pacoord = Pol ar Angl eCoordi nate[#[[1]], #[[2]11]1},
Append [#,
Whi ch[
Abs [pacoord] <1, data[Tenpl ate, Pol ar Angl e] [#[[1]1], #[[2]11],
pacoord > 1, data[Tenpl ate, Pol ar Angl e] [
0,
V1El | i pseB* (2. 0 - pacoord) ],
pacoord < -1, data[Tenpl ate, Pol ar Angl e] [
0,
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V1El | i pseBx (-2.0-pacoord)]1]111 &,
Sel ect [
Flatten[
Tabl e[ {X, Y},
{x, -V1Di al at edEl | i pseA, V1Di al at edEl | i pseA, 0. 01},
{y, -V1Di al at edEl | i pseB, V1Di al at edEl | i pseB, 0.01}],
17,
And [
I nV1Di al at edQ[#],
Abs [Pol ar Angl eCoordi nate[#[[1]], #[[2]1]11] <£Sqrt [2.01,
Abs [#[[11]1] < V1EI |i pseA] &]1,
Pl ot Range -» {0, 180}1,
(» Eccentricity tenplate plot... =)
Show([
{BrainPl ot [
Map [
Append[#, data[Tenpl ate, Eccentricity] [#[[1]], #[[2]11] &
Sel ect [
Flatten[
Tabl e[ {X, Yy},
{X, -V1Di al at edEl | i pseA, V1D al at edEl | i pseA, 0. 01},
{y, -V1Di al at edEl | i pseB, V1Di al at edEl | i pseB, 0.01}],
17,
I nV1Di al at edQ] 1],
Pl ot Range -» {0, 20},
Col orFunction - (If [#<0.5,
Bl end [$Col or Scal eCol ors, 2 = #],
Bl end[{Last @$Col or Scal eCol ors, Bl ack, Gray}, 2% (#-0.5)1] &1,
(» Add a gray dashed line to mark the 10° boundary =)
ListPlot [
Sort [
Bl ock [{X, YV},
Modul e [
{e0 =
Fi ndRoot [dat a[Tenpl ate, Eccentricity][x, 0] ==10.0, {x, -0.05}],
x0},
x0 = Eccentrici tyCoordi nate[x /. e0, 0];
Sel ect [
Flatten[
Tabl e[
Map [
{x, y /. #} &
Sol ve [EccentricityCoordi nate[x, y] ==x0, y]1,
{x, eO[[1, 2]]1-0.06, eO[[1, 2]] +0.06, 0.001}1,
17,
Lengthe# == 2&& I m[&#[[2]]] =0 &]111,
#1[[2]1] <#2[[2]] &1,
PlotStyl e - {Gray, Thi ck, Dashed},
Joined » True]l}13}11},
Fi gureExport ["tenpl ates. pdf ", ing, "PDF", | nageResol uti on » 6007;
| f [$ShowFi gures, ing]]
1e@dat al0
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m V1 Residual Plots

This code will produce plots of the residual error of the template to the aggregate
mapped onto V 1.

Function[{data},
Modul e[
{i mg = Graphi csRow[
Map [
Show|
{#,
Li stPlot [V1IHUl I, Pl ot Styl e » {Thi ck, Bl ack, Dashed}, Joined » True]}] &,
{Brai nPl ot [
Map [
{(#[[11], ®#[[2]],
Abs[#[[3]] -data[Tenpl ate, Pol arAngl el [&#[[1]], #[[2]111]} &
Sel ect [
dat a[Aggr egat e, Pol ar Angl e],
I nV1Q[#] & EccentricityCoordi nate[#[[1]], #[[2]]1] <0.75&]1,
Pl ot Range -» {0, 60},
Pl ot Label -» Style[
"Plotted: 0° - 60° residual",
FontFamily -»"Arial",
Font Si ze » 121,
Col or Function » (Blend[{Wiite, Green}, #] &)1,
Show[
{Brai nPl ot [
Map [
{(#[[11]1, ®#[[2]],
Abs [#[[3]] -data[Tenpl ate, Eccentricity][#[[1]1], #[[2]11]1]1} &
Sel ect [
dat a[Aggregate, Eccentricity],
I nV1Di al at edQ[#] &&
EccentricityCoordinate[#[[1]], #[[2]]1]1 <0.75&]1,
Pl ot Range -» {0, 8},
Pl ot Label - Style[
"Plotted: 0° - 8° residual",
FontFamily -» "Arial",
Font Si ze » 127,
Col or Function » (Blend[{Wiite, Geen}, #] &1,
ListPlot [
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Sort [
Bl ock [{X, YV},
Modul e[
{e0 =
Fi ndRoot [dat a[Tenpl ate, Eccentricity][x, 0] ==10.0, {x, -0.05}],
x0},
x0 = EccentricityCoordi nate[x /. €0, 01;
Sel ect [
Flatten[
Tabl e[
Map [
{x, y/. #}&
Sol ve[EccentricityCoordi nate[x, y] ==x0, y11,
{x, e0O[[1, 2]1-0.06, eO[[1, 2]] +0.06, 0.001}],
17,
Lengthe# == 2 && I m[#[[2]]] ==0&]111,
#1[[2]] <#2[[2]] &],
PlotStyl e - {Gray, Thi ck, Dashed},
Joined » Truel}1}11},
Fi gur eExport ["vertex-residual s. pdf", ing, "PDF", | mageResol uti on » 6007;
| f [$ShowFi gures, inmg]]

]edat al0
Plotted: 0° — 60° residual Plotted: 0° — 8° residual
"_--------. "_---ﬁ'----.
"o ~“ "o : ~“
s . [ ]
: I, " : '
. & IS . &

m Prediction Accuracy Plots

These plots show the accuracy of the template predictions as a function of polar angle
and eccentricity.

To do this, we collect the eccentricity or polar angle coordinate for each vertex as
well asit’sresidual to the vertex’s subject’s leave-one-out template. We then plot the
median and quartiles for these with a best fit line through them.

Function[{data, binsz},
Modul e[
{errors =Flatten[
MapThr ead [
Function[{dat, tnp},
Mep [
{#[[1]1, &#[[2]], Abs[#[[3]1] -tnp[&#[[1]], ®#[[2]1]1]1} &
Sel ect [
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dat ,
dat a[Pol ar Angl eSel ect ] [#] &&
2.5 <data[Tenpl ate, Eccentricity][®#[[1]1], #[[2]]1] <8 &]11,
{Fl atten[dat a[Pol ar Angl e], 1],
Flatten[
Transpose[
{dat alO[LeaveOneQut, Pol ar Angl e, Left Hemni sphere],
dat alO[LeaveOneQut, Pol ar Angl e, Ri ght Hemi sphere]}],
1131,
171,
medi anErr, | ower Err, upperErr, nedi anFit,
iy},
{l ower Err, nmedi anErr, upperErr} = Map[
Flatten[#, 1] &,
Reap [
Scan|[
I f [Lengt he# > O,
(Sow[{Mean[#[[All, 1111, Mean[&#[[AIl, 3111}, 2];
Sow[ {Mean[#[[AI |, 1711, Mean[#[[AI I, 2711}, 11;

Sow[{Mean[#[[Al, 1111, Mean[#[[All, 4111}, 31;)1 &
Flatten[

Bi nLists][
Map [{#[[1]1]1, #[[2, 111, ®#[[2, 21], ®#[[2, 3]]1} &
Reap [
Scan|[
I f [Lengt he# > 3,
Sow[
{data[Tenpl at e, Pol ar Angl e] [
Mean[#[[All, 1]1]], Mean[#[[All, 2]11]],
Quartiles[#[[Al, 3]111}1] &
Map [
Flatten[#, 1] &,
Bi nLi sts]
errors,

{Tabl e[x, {X, -V1Di al atedEl | i pseA, V1Di al at edEl | i pseA, 0.005}1},
{Tabl e[y, {y, -V1Di al atedE!l | i pseB, V1Di al at edEl | i pseB, 0.005}1},
{{-0.01, 180.01}}],
{2}1,
{2}1]
1002, 1111,
bi nsz,
1000, 1000, 10007,
311,
{1, 2, 3}
1002110;
(» W want to convert |ower and upper error
into best fits as well as nmake a best fit for the nedian x)
{l oner Err, nmedi anFit, upperErr} = Map[
Functi on[{dat },
Modul e[

{fit =Bl ock[{x}, LinearMdel Fit [dat, {x, x*2, x"3, x4, x5, x"6}, X111},
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Map [{#[[1]1], fit[#[[1]]]} & dat]]],
{l ower Err, nmedi anErr, upperErr}i;
img =ListPlot[
Map [
Repl aceAl | [
H,
{pa_, err_} = {err, FindRoot [data[Tenpl ate, Pol ar Angl e] [0, y] == pa,
{y, 0.2}1[I[1, 211/ V1HE i pseB}] &
{l ower Err, medi anErr, upperErr, nedianFit}],
Label Style » Directive[10, FontFamly -»"Arial"],
| mgeSi ze - 1. 5% 72,
Pl ot Label -» Style[
" Absol ute LH/RH\ nLeave-1-Qut Error",
FontFamily -»"Arial",
Font Si ze » 12],
Joi ned - True,
AxesOrigin - {20, -2},
AxesStyl e » {Li ght G ay, Dotted},
Franme -» True,
FrameStyle » {{{Dotted, Gray}, {Dotted, Gray}}, {Gay, Gray}},
FrameTi cks » {
{Prepend[
Tabl e[ {Fi ndRoot [dat a[Tenpl ate, Pol ar Angl e] [0, y] ==t, {y, 0.2}1[[1, 211/
V1El |i pseB, t},
{t, {60, 90, 120, 180}}1,
{-1, 0}], None},
{{0, 20, 40}, None}},
Pl ot Range » {{0, 40}, {-1, 1}},
Pl ot Styl e » {{Pi nk, Thi ck, Dashed}, {Gay, Dashing[{}], Thin},
{Pi nk, Thi ck, Dashed}, {Thick, Dashing[{}], Bl ack}},
FrameTi cksStyl e -» Bl ack,
Aspect Rati o » 2. 757;
Fi gur eExport ["pa-l eave-one-out -error. pdf", i ng, "PDF", | mageResol uti on -» 6007;
I f [$ShowFi gures, ing]]
] [dat al0, 1.5]
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Function[{data, binsz},

Modul e[

{errors =Flatten[

MapThr ead [

Function[{dat, tnp},

Map [

{#[[1]1], =[[2]], Abs[#[[3]]-tmp[#[[1]], ®#[[2]]]]} &

Sel ect [
dat,

| NV1Q[#] &&
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EccentricityCoordinate[#[[1]], #[[2]]1]1 <0. 75&&#[[3]] <10.0&]11,

{Flatten[data[Eccentricity], 1],

Flatten[

Transpose |
{dat a[LeaveOneQut, Eccentricity, LeftHem sphere],
dat a[LeaveOneCQut, Eccentricity, R ght Hem sphere]}],

1131,
171,

nmedi anErr, | ower Err, upperErr, medi anFit,
m necc = data[Tenpl ate, Eccentricity][-V1El|lipseA, 0],

ing},

{l ower Err, nedi ankErr, upperErr} = Map[
Flatten[#, 1] &,

Reap [
Scan [

I f [Lengt he# > O,
(Sow[{Mean[#[[All, 1111, Mean[&#[[AIl, 3111}, 2];
Sow[ {Mean[#[[All, 1111, Mean[#[[All, 2111}, 11;
Sow[{Mean[#[[All, 1111, Mean[#[[All, 4111}, 31;)]1 &

Flatten]

Bi nLists|[
Map [{#[[11], ®#[[2, 111, ®#[[2, 211, ®#[[2, 311} &

Reap [

Scan[
| f [Lengt he# > 3,
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Sow[
{data[Tenpl ate, Eccentricity][
Mean[#[[All, 1111, Mean[&#[[All, 2]]1],
Quartiles[#[[Al, 3111}1]1 &
Map [
Flatten[#, 1] &,
Bi nLi sts]
errors,
{Tabl e [x,
{X, -V1Di al at edEl | i pseA, V1D al atedEl | i pseA, 0.0025}1},
{Tabl e[y, {y, -V1Di al atedEl | i pseB, V1Di al at edEl | i pseB,
0. 0025313},
{{-0.01, 180.01}}1,
{2}1,
{2}1]
1002, 1111,
bi nsz,
1000, 1000, 10007,
311,
{1, 2, 3}
10021115
(» W want to convert |ower and upper error
into best fits as well as make a best fit for the nedian x)
{l ower Err, nmedi anFit, upperErr} = Map[
Functi on[{dat },
Modul e[
{fit =Bl ock[{x}, LinearMdel Fit [dat, {x, x"2, x"3, x4, x5, x"6}, X111},
Map[{#, fit[#]} & Range[O, 12, 0.05]111,
{l ower Err, nmedi anErr, upperErr}];
inmg =ListPlot[
Map [
Repl aceAl | [
H,
{ecc_, err_} = {
I f [ecc <m necc, -V1El|i pseA,
(Fi ndRoot [dat a[Tenpl ate, Eccentricity][x, 0] == ecc, {x, -0.25},
AccuracyGoal -»4]1[[1, 2]] +V1EllipseA) / (2« V1El lipseA)],
err}] &,
{l ower Err, nmedi anErr, upperErr, nedianFit}],
Label Style » Directive[l0, FontFamly -»"Arial"],
Pl ot Label - Styl e[
"Absol ute LH/RH Leave-One-Qut Error",
FontFamly » "Arial",
Font Si ze » 12],
I mageSi ze » 3. 25 % 72,
Joi ned -» True,
AxesOrigin- {-2, 1.5},
AxesStyl e » {Li ght Gray, Dotted},
Frame -» True,
FrameStyl e » {{Gay, Gay}, {{Dotted, Gray}, {Dotted, Gray}}},
FranmeTi cks » {{{0, 1.5, 3}, None},
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{Tabl e[ { (Fi ndRoot [data[Tenpl ate, Eccentricity][x, 0] ==t, {x, -0.25},
AccuracyGoal - 4]1[[1, 2]]1 +V1ElipseA) / (2 *V1EllipseA), t},
{t, {2, 4, 6, 8, 10}}], None}},
Pl ot Range - {{0. 05, 0.5109}, {0, 3}},
Pl ot Styl e - {{Pi nk, Thi ck, Dashed}, {Gay, Dashing[{}], Thin},
{Pi nk, Thi ck, Dashed}, {Thick, Dashing[{}], Bl ack}},
FrameTi cksStyl e » Bl ack,
AspectRatio-»1/2.75];
Fi gur eExport [
"ecc-l eave-one-out -error. pdf", ing, "PDF", | nageResol uti on » 6007;
| f [$ShowFi gures, inmg]l]
] [dat al0, 0. 125]

Absolute LH/RH Leave—One-Out Error

m Exact Mean and M edian L eave-one-out Errors

Here, we can calculate (and store) the exact mean |eave-one-out error over our dataset.
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LeaveOneQut Error [dat asets_Li st, hemi : (None | Lef t Hemi sphere | Ri ght Hemi sphere),
type: (Eccentricity | Pol ar Angle),
OptionsPattern[]] : = Mdul e[
{col | ect = Transpose[
Flatten[
Transpose[
Map [
I f [hem === None,
{Flatten[Transpose [#[type]l], 11,
Joi n[#[LeaveOneCQut, type, Left Hem sphere],
#[LeaveOneCQut, type, Ri ght Hem sphere]],
Tabl e[#, {2 xLengthe#[Subjects]}]} &
{#[type, hem ],
#[LeaveOneQut, type, hemi ],
Tabl e[#, {Lengthe#[Subjects]}]} &1,
dat asets]],
111,
si gned = Opti onVal ue[Si gn],
tnp},
col l ect = MapThread|[
Function[{pts, tnpl, dataset },
Map [
{(#[[311, tnpl [#[[1]1, ®#[[2]1]1} &
Sel ect [
pts,
| f [type === Pol ar Angl e,
dat aset [Pol ar Angl eSel ect ] [#] &&
2.5 <dataset [Tenpl ate, Eccentricity] [#[[1]], #[[2]]] <8 &,
dat aset [EccentricitySel ect ][#] & 2.5 < dat aset [Tenpl at e,
Eccentricity][#[[1]1], #[[2]11]1 <8 &]111,
Transpose[col | ect ]11;
tmp = Flatten[col |l ect, 17;
(» here we deal with offdiag and sign if necessary =)
tnmp = I f [signed,
Map [ (#[[11] -#[[2]]1) & tnp],
Map [Abs [#[[1]] -#[[2]]] & tnp]l];
{Mean » Mean[tnp], Medi an - Medi an[tnp], Data - col |l ect }1;
Options[LeaveOneQut Error] = {Si gn -» Fal se};

We can calculate (and store) these for any dataset or combination of them

Modul e[ {t mp = LeaveOneCQut Error [{dat al0}, None, Pol ar Angl e]},
dat alO[" MeanLOOErrorPA"] = (Mean /. tnp);
dat al0[" Medi anLOCEr ror PA"] = (Medi an /. tnp);
{"Both" ->tnp[[1;; 2]],
"LH'" -» LeaveOneCQut Error [{dat al0}, LeftHem sphere, PolarAnglel[[1;; 2]],
"RH' » LeaveOneCQut Error [{dat al0}, R ght Heni sphere, PolarAngle][[1;; 2]]1}]

(Both - {Mean - 16. 7496, Medi an - 11. 431},
LH-> {Mean - 17. 5271, Medi an > 12. 3772}, RH- {Mean - 15. 9721, Medi an - 10. 3236} )
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Modul e[ {t np = LeaveOneCQut Error [{dat al0}, None, Eccentricity]},
dat al0[" MeanLOOErrorEcc"] = (Mean /. tnmp);

dat al10[" Medi anLOCError Ecc" ] = (Medi an /. tnp);
{"Both" ->tnp[[1;; 2]],
"LH'" -» LeaveOneCQut Error [{dat al0}, LeftHem sphere, Eccentricityl[[1;; 211,
"RH'" -» LeaveOneCQut Error [{dat al0}, Ri ght Hemi sphere, Eccentricity][[1;; 2]1}]
{Both - {Mean - 1. 12146, Medi an —» 0. 907442},

LH- {Mean - 1. 09886, Medi an - 0.92564}, RH- {Mean - 1. 14936, Medi an —» 0. 883037} }
The signed versions of the same measurements...

Modul e[ {t np = LeaveOneCQut Error [ {dat al0}, None, Pol ar Angl e, Sign - Truel},
dat alO[" MeanSi gnedLOCEr ror PA"] = (Mean /. tnp);

dat alO[" Medi anSi gnedLOCEr ror PA"] = (Medi an /. t np);
{"Both" ->tnp[[1;; 2]],
"LH' -

LeaveOneQut Error [{dat al0}, Left Hem sphere, Pol arAngle, Sign - Truel[[1l;; 2]]
"RH'" -» LeaveOneCQut Error [{dat al0}, Ri ght Hem sphere,

Pol ar Angl e, Sign->Truel[[1;; 2]1]1}]

(Both - {Mean - -3. 63991, Medi an » -0. 931891},
LH> {Mean - - 4. 55596, Median » -1. 70121},
RH - {Mean - -2. 72393, Medi an > - 0. 423031} )

Modul e[ {t mp = LeaveOneCQut Error [{dat al0}, None, Eccentricity, Sign - Truel},
dat alO[" MeanSi gnedLOCError Ecc" ] = (Mean /. tmp);

dat alO[" Medi anSi gnedLOCEr ror Ecc"] = (Medi an /. tnp);
{"Both" »tnmp[[1;; 2]],
"LH' >

LeaveOneQut Error [{dat al0}, Left Hem sphere, Eccentricity, Sign-True][[1;; 2]]
"RH' » LeaveOneCQut Error [{dat al0}, Ri ght Heni sphere,
Eccentricity, Sign->Truel[[1;; 2]]1}]

(Both - {Mean - 0. 367013, Medi an - 0. 394207},
LH > {Mean - 0. 514878, Medi an - 0. 50933}, RH-> {Mean - 0. 184436, Medi an - 0. 244406} )

These two blocks will calculate the median error range across subjects (i.e., min and
max over all subjects of the median absolute error of al verticesin a single subject)
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Modul e [
{dat =Tabl e[
Map [
Medi an[Abs [#[[AIl, 111 -#[[Al, 21111 &
LeaveOneQut Error [{dat al0}, type, Pol arAngle]l[[3, 2111,
{type, {LeftHem sphere, Ri ghtHem sphere, None}}1},
Prepend[
MapThr ead [
{#2, M n[#l], Max[#1]} &,
{dat
{"LH", "RH", "BH"}}1,
"\\", "Mn", "Max"}1] // Matri xForm
\ M n Max
LH 5.48582 23.3434
RH 4.78199 33.8342
BH 4.78199 33.8342

Modul e [
{dat =Tabl e[
Map [
Medi an[Abs [#[[Al, 11] -#[[Al, 2]11]1] &
LeaveOneQut Error [{datal0}, type, Eccentricity][[3, 2111,
{type, {LeftHem sphere, R ghtHem sphere, None}}1},
Prepend[
MapThr ead [
{#2, M n[#l1], Max[#1]} &,
{dat
{("LH', "RH', "BH'}}1,
{"\\", "Mn", "Max"3}1] // Matri xForm
\ M n Max
LH 0.603633 1.5603
RH 0.461047 2.67835
BH 0.461047 2.67835

m Repeated-runs/Time-per-accuracy Plot

We want to look at how 16, 32, and 48 minuts of scanning compares to 48 minuts of
separate scanning; to do so, we compare all unique tupes of size 3 against al unique
digoint tuples of size 3, 2, and 1 scans (each scan is 16 minutes).
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rrSets = Modul e[ {subs = Range[Lengt hedat aLR[Subj ects]]},
Splitf[
Flatten[
Map [
Function[{s},
Map[{s[[1]1], #} & s[[2]1]11,
Flatten[
Tabl e[
Map [ {#, Subsets[Conpl enent [subs, #], {3}]} & Subsets[subs, {k}]],
{k, 1, 3}1,
111,
11,
Length[#1[[1]]] == Length[#2[[1]1]] &]1;

These sets can then be used to pick out the residuals that you get from comparing the
aggregate of one group of to the other. This looks a little complex because it's
mapped across polar angle and eccentricity, but really it’s just a transformation of
{setl, set2} -> residuals you get when aggregate-of-setl is compared to aggregate-of-
set2
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rrResidual s = Map[
(* This just reorgani zes the data so that first list level is the tine in
scanner, second list level is pa/ecc, and third list level is hem sphere )
{({#[[Al, 1, 117, #[[Al, 2, 111}, {®#[[AI, 1, 2]], ®[[A]l, 2, 2]1}} &
Map [
Function[{rrCm},
Modul e[
{d1 = Map[
Map [
Sel ect [#, | nV1Q] &,
dat aLR[#] [Dat a],
{2}1 &
rrCop[[1]1],
d2 = Map[
Map [
Sel ect [#, 1 nV1Q] &,
dat aLR[#] [Dat a],
{2}1 &,
rrGp 2111},
Tabl e[
Sel ect [
Aggr egat eSubj ect s [
{Aggr egat eSubj ects[d1[[A |, i, j1], Mean[#] &],
Aggr egat eSubj ect s[d2[[AIl, i, j1], -Mean[#] &1},
I f [Lengthe® #2 || Sign[#[[1]]1] ==Sign[#[[2]1]1],
Del et e,
Ifrs[r[11] >0,
{(#[[111, -#[[21]},
{(#[[211, -#[[111}11 &1,
#[[3]] =!=Del ete &],
{i, 1, 23,
.1 23111,
rrSets,
{2}11;

And make aplot...

(» aggfun should be Mean or Median =*)
Function[{data, aggfun},

Modul e[
{rrStats = Transpose[
Map [
(» This will map over the ecc/pa sets for each scan length x)

Modul e[ {dat = Flatten[®#[[AIIl, All, All, 311, 2], res},
res =dat [[All, 1]] -dat [[AIl, 2]7;
{aggf uneAbseres, StandardDevi ati oneAbseres, Lengtheres}] &,
rr Resi dual s,
{2311,
dat PA =
I f [aggf un === Medi an, data[" Medi anLOCEr r or PA" ], data[" MeanLOCErrorPA"11,
dat Ec = | f [aggf un === Medi an, dat a[" Medi anLOCErr or Ecc" 1,
dat a[" MeanLOCError Ecc" 11,
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iy},
i g = G aphi csRow[
{Modul e[
{dat = MapThread[
{{#1, #2[[1]11}, ErrorBar [Sqrt [#2[[2]]1"2/#2[[3]]111} &
{{16, 32, 48}, rrStats[[1]1]1}],
ndl , pamin},
ndl =Bl ock[{x, c, k, kO},
(*Li near Model Fit [
{{20,dat [[1, 1,211}, {40, dat [[2,1,2]1}, {60,dat [[3,1,2]1}},
{x},
X]*)
Nonl i near Model Fi t [
{{16, dat [[1, 1, 211}, {32, dat [[2, 1, 211}, {48, dat [[3, 1, 211}},
{kO +Kk *x”" (-c), ¢ >0.001&&k0 > 0&&k > 0.001},
{{kO, 1}, {c, 1}, {k, 1}},
X,
Met hod - "NM ni i ze" 17;
tnp = mdl ;
Print [mdl ["BestFitParaneters"]1];
pami n = Qui et @Fi ndRoot [
mdl [x] == dat PA,
{x, 10. 0}
1001, 2]1;
Show([
{ErrorListPlot [
dat,
| mageSi ze » 3. 25 % 72,
Pl ot Range » {{0, 60}, {5, 25}},
Pl ot Markers -» {{®, Small }},
Pl ot Styl e » Bl ack,
Label Style - Directive[l0, FontFam ly - "Arial "],
Axes -» None,
Aspect Rati o -» 0. 5,
Frame » {{True, Fal se}, {True, Fal se}},
FraneLabel -
{{"Residual (°)", None}, {"Time in Scanner (m nutes)", None}},
Prol og » {Pi nk, Dotted,
Line[{{pam n, -1}, {pam n, 400}}1],
Line[{{-1, dat PA}, {400, dat PA}}1}1,
Pl ot [ndl [x], {x, -180, 180},
PlotStyl e - {Gray, Dashed},
Pl ot Range -» Ful I 1}11,
Modul e [
{dat = MapThread][
{{#1, #2[[1]11}, ErrorBar [Sqrt [#2[[2]1"2/#2[[3]1]1]11} &
{{16, 32, 48},
rrStats[[2]1]}],
mdl , eccmin},
mdl = Bl ock[{x, ¢, k, kO},
(*Li near Mbdel Fit [
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{{20,dat [[1,1,2]]}, {40,dat [[2,1,2]]1}, {60,dat [[3,1,2]1}},
{x},
X]*)
Nonl i near Mbdel Fit [
{{16, dat [[1, 1, 211}, {32, dat [[2, 1, 211}, {48, dat [[3, 1, 2]1}},
{kO +k *x”" (-c), ¢ >0.001&&k0 > 0&&k > 0.001},
{{kO, 1}, {c, 1}, {k, 1}},
X,
Met hod - "NM ni m ze" ]7;
Print [ndl ["BestFitParaneters"]];
eccm n = Fi ndRoot [
mdl [x] == dat Ec,
{x, 10. 0}
1001, 2]1;
Show [
{ErrorListPlot[
dat,
| mageSi ze » 3. 25 x 72,
Pl ot Range » {{0, 60}, {0, 1.2}},
Pl ot Markers - {{®, Smal | }},
Pl ot Styl e -» Bl ack,
Label Style - Directive[l0, FontFam ly - "Arial "],
Axes - None,
AspectRati o - 0.5,
Franme » {{True, Fal se}, {True, Fal se}},
FrameLabel -
{{"Residual (°)", None}, {"Time in Scanner (m nutes)", None}},
Prol og » {Pi nk, Dotted,
Line[{{eccm n, -1}, {eccmi n, 400}}1,
Line[{{-1, datEc}, {400, datEc}}]1}1,
Pl ot [Eval uate[ndl ["BestFit"]], {x, 0.1, 60},
PlotStyl e » {Gay, Dashed},
Pl ot Range -» {{0, 60}, Full},
Excl usi ons » None]}11}1;
Fi gur eExport [
I f [aggfun === Medi an, "sj -sunmar y-nedi an. pdf", "sj -sunmary-nean. pdf "],
i mg,
" PDF",
I mgeResol uti on - 6007;
I f [$ShowFi gures, ing]l]
] [dat al0, Medi an]

{kO - 8. 54939, ¢ - 0.803827, k » 37.8527}
{kO - 0. 440559, c > 1. 22744, k - 6. 88198}
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m Template in terms of Normalized V1 Distance

Here, we want to make a plot of the template in terms of the eccentricity coordinate
(or anormalized version of V1 length, basically). We make this with the aggregate
eccentricity data of both dataset 10° and dataset 20°.

pl ot EccHi st = Function[{henm , nane},
Modul e [
{ing = MapThread[
Show([
{#1,
Li stPl ot [
Eval uate[
| f [hem === None,
I f [#2,
{Tabl e[ {x, datalO[Tenpl ate, Eccentricity][
V1El | i pseAx2 x»x - V1El | i pseA, 01}, {x, 0, 1, 0.01}1,
Tabl e[ {x, data20[Tenpl ate, Eccentricity] [V1El |lipseA*2 xx -
V1El | i pseA, 01}, {x, 0, 1, 0.01}1},
Tabl e[ {x, datalO[Tenpl ate, Eccentricity] [V1El |ipseA*2 xx -
V1El | i pseA, 01}, {x, 0, 1, 0.013}11,
I f [#2,
{Tabl e[{x, datalO[Tenpl ate, hem , Eccentricity][
V1Elli pseAx2 xx -V1El | ipseA, 013}, {x, 0, 1, 0.01}1],
Tabl e[ {x, data20[Tenpl ate, hem , Eccentricity][
V1Elli pseAx2 xx -V1El|ipseA, 013}, {x, 0, 1, 0.01}1},
Tabl e[ {x, datalO[Tenpl ate, hem , Eccentricity][
V1El | i pseAx2 »x - V1El | i pseA, 01}, {x, 0, 1, 0.013}1111,
Pl ot Range -» {{0, 0.75}, {0, 20}},
Joi ned - True,
PlotStyle » | f [#2, {{Thi ck, Red}, {Thick, Pink}}, {Thick, Red}],
I mageSi ze » 3. 25 x 72,
Label Style - Directive[1l0, FontFam ly - "Arial "],
Axes - None,
Aspect Ratio - 0. 6,
Franme » {{True, Fal se}, {True, False}}1]1}] &
{{Snoot hDensi t yH st ogr am[

Map [
{EccentricityCoordinate[®#[[1]], ®#[[2]11], #[[3]1]1} &
I f [hem === None,

Join[
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Sel ect [Fl atten[datalO[Eccentricity], 21, I nV1Q],
Sel ect [Fl atten[dat a20[Eccentricity], 21, I nV1Q]],
Join[
Sel ect [Fl atten[datalO[heni, Eccentricity], 1], I nV1iqQ],
Sel ect [Fl atten[dat a20[heni, Eccentricity], 11, InV1Q]]111],
Col or Functi on » (G ayLevel [1-#] &),
| mageSi ze » 3. 25 % 72,
Pl ot Range -» {{0, 0.75}, {0, 20}},
Label Style - Directive[l0, FontFam ly - "Arial "],
Pl ot Label -» Styl e[
"10° and 20° Joi ned Datasets", FontFamly -»"Arial", FontSize » 12],
Axes - None,
AspectRati o - 0. 6,
Frane » {{True, Fal se}, {True, Fal se}}],

Smoot hDensi t yHi st ogr am[

S

Map [
{EccentricityCoordinate[®#[[1]1], #[[2]1]1], #[[3]1} &
| f [hem === None,

Sel ect [Fl atten[datalO[Eccentricity], 2], |1 nV1Ql,

Sel ect [Fl atten[datalO[hem , Eccentricity], 11, InV1Q]]1,
Col or Functi on » (GrayLevel [1-#] &),
I mgeSi ze » 3. 25 x 72,
Pl ot Label -» Styl e["10° Dataset", FontFam|ly »"Arial", FontSi ze » 121,
Pl ot Range -» {{0, 0.75}, {0, 20}},
Label Styl e » Directive[10, FontFamly -»"Arial"],
Axes - None,
Aspect Rati o -» 0. 6,
Franme » {{True, Fal se}, {True, Fal se}}],
nmoot hDensi t yHi st ogr am[
Map [

{EccentricityCoordinate[#[[1]], #[[2]1]1], #[[3]]1} &
| f [hem === None,

Sel ect [Fl atten[data20[Eccentricity], 2], |1 nV1Ql,

Sel ect [Fl atten[dat a20[hemi , Eccentricity], 11, InV1Q]11,
Col or Functi on » (GrayLevel [1-#] &),
| mgeSi ze » 3. 25 x 72,
Pl ot Label - Styl e["20° Dataset", FontFamly -» "Arial", FontSize » 12],
Pl ot Range -» {{0, 0.75}, {0, 20}},
Label Styl e » Directive[l0, FontFamly -»"Arial"],
Axes - None,
Aspect Rati o -» 0. 6,
Frame » {{True, Fal se}, {True, Fal se}}]},

{True, Fal se, True}}]},
Fi gur eExport [nane <>". pdf", G aphi csRowl[i ng], "PDF", | mageResol uti on - 6007;
(* we al so want high resolution png's for this =)
Fi gur eExport [nane <>".png", G aphi csRow[i ng], "PNG', | nrageResol uti on - 6007;

(» and

i ndi vi dual versions... =)

Fi gur eExport [nane <>" -bot h. pdf", ing[[1]], "PDF", I mageResol uti on - 6007;
Fi gur eExport [nane <>" -10. pdf ", ing[[2]], "PDF", I mageResol uti on -» 6007;

Fi gur eExport [nane <>" -20. pdf ", ing[[3]], "PDF", I mageResol uti on -» 6007;

| f [$ShowFi gures, G aphi csRow[ing]]111;
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Actually make the plot for eccentricity...

Modul e[
{i my = pl ot EccHi st [None, "eccen-hi st ogram-bot h" 1},

| f [$ShowFi gures, ing]]

10° and 20° Joined Datasets 10° Dataset
20+ 20+
15| 151
10/ 10
5} 5
‘ -
0t 0 ‘_
00 0.1 0.2 03 04 05 06 0.7 0.0 01

And we make the same plot for polar angle.

pl ot PAHi st = Functi on[{heni , nane},
Modul e [
{i mg = MapThr ead [
Show[
{#l,
Pl ot [
Eval uat e[
| f [hem === None,
I f [#2,
{datalO[Tenpl ate, Pol ar Angl e] [0, V1El|ipseB=xy],
dat a20[Tenpl at e, Pol ar Angl e] [0, V1El|ipseB=xy]},
dat alO[Tenpl ate, Pol ar Angl e] [0, V1El lipseBxy]],
| f [#2,
{dat alO[Tenpl ate, hem , Pol ar Angl e] [0, V1ElIlipseBxy],
dat a20[Tenpl ate, hem , Pol ar Angl e] [0, V1El |ipseBxy]},
dat alO[Tenpl ate, hem , Pol ar Angl e]1 [0, V1EIlipseBxy]1111,
{y. -1, 1},
Pl ot Range » {{-1, 1}, {0, 1803}},
PlotStyle » I f [#2, {{Thick, Red}, {Thick, Pink}}, {Thick, Red}],
I mageSi ze » 3. 25 % 72,
Label Style » Directive[10, FontFamly -»"Arial"],
Axes - None,
AspectRatio - 0. 6,
Frame » {{True, Fal se}, {True, False}}]1}] &
{{Snoot hDensi t yH st ogr am[

Map [
{Pol ar Angl eCoordi nate[#[[1]], #[[2]]1], #[[3]1]1} &,
I f [hem === None,
Join[

Sel ect [Fl atten[dat al0O[Pol ar Angl e1, 21, 1 nV1Q],

Sel ect [Fl att en[dat a20[Pol ar Angl e1, 21, 1 nV1Q]],
Join]

Sel ect [Fl atten[dat alO[hem , Pol ar Angl e], 11, 1 nV1qQ],
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Sel ect [Fl atten[dat a20[heni, Pol ar Anglel, 1], 1 nV1Ql1111,

Col or Functi on » (GrayLevel [1-#] &),
| mageSi ze » 3. 25 % 72,
Pl ot Label - Style[

"10° and 20° Joi ned Datasets", FontFamily - "Arial", FontSize » 127,
Pl ot Range » {{-1, 1}, {0, 180}},
Label Style - Directive[l0, FontFam ly - "Arial "],
Axes -» None,
Aspect Rati o - 0. 6,
Frame » {{True, Fal se}, {True, Fal se}}],

Snoot hDensi t yHi st ogr am[

Map [
{Pol ar Angl eCoordi nate[#[[1]], #[[2]1]1], ®#[[311} &
| f [hem === None,

Sel ect [Fl atten[dat alO[Pol ar Angl e], 21, | nV1Q],
Sel ect [Fl atten[datalO[heni, Pol ar Angle], 1], 1 nV1Q]1],
Col or Functi on - (GrayLevel [1-#] &),
| mageSi ze » 3. 25 x 72,
Pl ot Label - Styl e["10° Dataset", FontFamly -»"Arial", FontSize »12],
Pl ot Range -» {{-1, 1}, {0, 1803}},
Label Style - Directive[l0, FontFam ly - "Arial "],
Axes - None,
Aspect Rati o - 0. 6,
Franme » {{True, Fal se}, {True, Fal se}}],

Snmoot hDensi t yHi st ogr am[

{T

Map [
{Pol ar Angl eCoordi nate[#[[1]], #[[2]1]1], ®#[[311} &
| f [hem === None,

Sel ect [Fl att en[dat a20[Pol ar Angl e], 21, | nV1Q],
Sel ect [Fl atten[dat a20[heni, Pol ar Angl e], 1], 1 nV1Q]]1],
Col or Functi on » (GrayLevel [1-#] &),
| mageSi ze » 3. 25 x 72,
Pl ot Label -» Styl e["20° Dataset", FontFamly » "Arial", FontSi ze » 12],
Pl ot Range -» {{-1, 1}, {0, 180}},
Label Style - Directive[l0, FontFam ly - "Arial "1,
Axes - None,
Aspect Rati o -» 0. 6,
Franme » {{True, Fal se}, {True, Fal se}}]},
rue, Fal se, True}}]},

Fi gur eExport [nane <>". pdf ", G aphi csRowl[i ng], "PDF", | mageResol uti on -» 6007;
(» we also want high resolution png's for this =)
Fi gureExport [nane <>". png", G aphi csRow[i nmg], "PNG', | mageResol uti on -» 6007;

(» and

i ndi vi dual versions... %)

Fi gur eExport [nane <>" -both. pdf", ing[[1]], "PDF", | mageResol uti on - 6007;
Fi gur eExport [nane <>"-10. pdf ", ing[[2]], "PDF", | mageResol uti on -» 6007;

Fi gur eExport [nane <>"-20. pdf", ing[[3]1], "PDF", | mageResol uti on » 6007;

I f [$ShowFi gures, Graphi csRow[i ng]1111;

Modul e [

{ing =pl ot
| f [$ShowFi

PAHi st [None, "pol arangl e-hi st ogram-bot h" 1},
gures, ingl]
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10° and 20° Joined Datasets 10° Dataset
150 150 150 |
100 100 100 |
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m Comparison of Fits

Here, we create a plot of the polar angle and eccentricity fits +/- standard error across
al subjects

Modul e [
{fits=Mp[
#["BestFitParameters"][[1, 2]] &,
Join[datalO[Fit], data20[Fit]],
{311,
mu, SE, ing},
mu = Tabl e[
Mean [
Sel ect [
fits[[AIl, i, ]j11,
#<10&]11,
.1, 2} {.,1 2]
SE = Tabl e[
(StandardDevi ati on[#] /Sqrt [Lengt he#]) &eSel ect [
fits[[AIl, i, ]j11,
#<10 &7,
,1 2} {,1 25
img =Block[{qg, X, V},
G aphi csRow[
{Pl ot [
{$Pol ar Angl eTenpl ateForm/. {q-»mu[[1, 1]], x>0, y » (V1IEl |lipseBx (xx))},
$Pol ar Angl eTenpl at eForm/.
{g->mu[[1, 111 +SE[[1, 11], x>0, y » (V1E lipseBx* (xx))},
$Pol ar Angl eTenpl ateForm/. {g->nmu[[1, 111 -SE[[1, 111,
X -0, y- (VIE |ipseBx* (xx))},
$Pol ar Angl eTenpl ateForm/. {q-»>nu[[2, 1]1], x>0, y-» (V1E |ipseB=* (xx))},
$Pol ar Angl eTenpl at eForm/.
{g->mu[[2, 111 +SE[[2, 111, x>0, y > (V1El lipseB=* (xx))},
$Pol ar Angl eTenpl ateForm/. {g-»nmu[[2, 111 -SE[[2, 111,
X -0, y- (VIEl lipseBx (xx))}},
{xx, -1, 13%,
Pl ot Range » {{-1, 13}, {0, 180}},
PlotStyl e » {{Bl ack}, {Gay, Dotted}, {Gay, Dotted},
{Red, Dashing[{}]1}, {Pink, Dotted}, {Pink, Dotted}},
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Filling - {2 {{1}, Gay}, 3~ {{1}, Gay}, 5- {{4}, Pink}, 6 > {{4}, Pink}},
Label Style » Directive[10, FontFamly -»"Arial"],
| mageSi ze » 3. 25 % 72,
Frame -» Tabl e[ {True, Fal se}, {2}],
Axes - Fal se,
AspectRatio - 0.5],
Pl ot [
{$EccentricityTenpl at eForm/.
{g->mu[[l, 211, y>0, x> (V1EI lipseAx (2xxx-1))},
$EccentricityTenpl ateForm/. {q-»nmu[[1, 2]]1 +SE[[1, 211,
y -0, x> (VIEI lipseA* (2xxx-1))},
$EccentricityTenplateForm/. {q->mu[[1l, 2]] -SE[[1, 211,
y >0, x> (VIEllipseAx (2xxx-1))},
$EccentricityTenplateForm/. {g->nu[[2, 2]], y - O,
X - (VIEI i pseAx (2xxx-1))1},
$EccentricityTenplateForm/. {g-nmu[[2, 2]] +SE[[2, 2]]1,
y >0, x> (VIEllipseAx (2xxx-1))},
$EccentricityTenplateForm/. {q->mu[[2, 2]1] -SE[[2, 211,
y -0, x> (VIE |l ipseAx (2xxx-1))1}},
{xx, 0, 13},
Pl ot Range -» {{0, 0.75}, {0, 20}},
PlotStyle » {{Bl ack}, {Gay, Dotted}, {Gay, Dotted},
{Red, Dashing[{}1}, {Pink, Dotted}, {Pink, Dotted}},
Filling- {2 {{1}, Gay}, 3- {{1}, Gay}, 5- {{4}, Pink}, 6 » {{4}, Pink}},
Label Style » Directive[10, FontFamly -»"Arial"],
| mageSi ze » 3. 25 % 72,
Frame -» Tabl e[ {True, Fal se}, {2}],
Axes - Fal se,
AspectRatio - 0.51}11;
Fi gur eExport [
"hemi sphere-conpari son. pdf ",
i ng,
" PDF",
| mmgeResol ution - 6007;
| f [$ShowFi gures, inmg]l]
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-1.0 -0.5 0.0 0.5 1.0 00 01 02 03 04 05 06 0.7

m Split-Halves Reliability Plots
Here, we create a function that will easily/quickly plot the reliability data as a density
histogram with a distribution on top.

pl ot Repeat Hi st = Functi on[{data, type, hem},
Modul e [
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{tnp =Flatten]
Modul e[ {A, B},
Map [
Map [
{(#[[1, 111, &#[[1, 211, {(&#[[1, 311, #[[2, 3]1}} &
Sel ect [
Split]
Sort [
Join]
Map [
Appl y [A, #] &,
Sel ect [
#[[111,
I nV1Q[#] & EccentricityCoordi nate[#[[1]], #[[2]]1] <0.75&]1,
Map [
Apply [B, #] &,
Sel ect [
#[[2]1,
I nV1Q[#] & EccentricityCoordinate[#[[1]], #[[2]]1] <0.75&]1]1,
Wi ch[
#1[[1]1] <#2[[1]1], True,
#1[[1]] > #2[[1]], Fal se,
#1[[2]] < #2[[2]], True,
#1[[2]] > #2[[2]], Fal se,
Head [#1] === A, True,
True, Fal se] &],
(H1[[1]] ==#2[[1]] &&#1[[2]] = #2[[2]]) &I,
(Lengt h[#] = 2 & Head [#[[1]]] === A& Head [#[[2]]] === B) &]1 &,
Transpose [
| f [hem=== None,
{Join[data[[l]][LeftHem sphere, type],
data[[1]][Ri ght Hem sphere, typel], Join[data[[2]][
Lef t Hem sphere, type], data[[2]] [Ri ght Heni sphere, type]l},
{data[[1]] [hem type],
dataf[[2]][hem typel}1111,
11,
pdat, pts,
binsz =1 f [type === Pol ar Angl e, 0.01, 0. 0057,
m M pu, qtl},
pdat = Map [
{I f [type === Pol ar Angl e,
Pol ar Angl eCoordi nate [#[[1]1], #[[2]1]1],
EccentricityCoordinate[#[[1]], ®#[[2]]111,
Abs [#[[3, 111 -#[[3, 2]11} &
tnpl;
pts =Flatten]
Reap [
Scan|
I f [Lengt he# > 4,
(Sow[{Mean[#[[AIl, 11]], Quartiles[#[[A I, 2111[[111}, 171;
Sow[{Mean[#[[All, 1]]1], Quartiles[#[[AIl, 2]111[[2]11}, 21;
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Sow[{Mean[#[[Al, 1111, Quartiles[#[[All, 2]11[[311}, 31)1 &
Split]

Sort [

pdat ,

#1[[1]1 <#2[[1]] &],

Fl oor [#1[[1]1] /binsz] == Fl oor [#2[[1]] / binsz] &]1,

{1, 2, 3}
100211,
115

Print[

{type, hem} - {
Mean - Mean[tnmp[[AIl, 3, 111 -tnp[[Al, 3, 2111,
Medi an - Median[tnmp[[AIl, 3, 111 -tnp[[AIl, 3, 2111,
Mean[Abs] -» Mean[Abs[tnp[[AlIl, 3, 111 -tnmp[[AIl, 3, 21111,
Medi an[Abs] -» Medi an[Abs[tnp[[AIl, 3, 11] -tnp[[Al, 3, 2]1111}1;
qtl =Quartiles[pdat [[AIl, 2]111;
Bl ock [{x, terns},
ternms = {X, X2, x"3, x4, x5, x"6};
m= Li near Model Fi t [
pts[[1]1,
terms,
X1;
u = Li near Model Fit [
pts[[2]1,
terms,
X1,
M= Li near Mbdel Fit [
pts[[311,
termns,
X115
{Smoot hDensi t yHi st ogr am[
tnp[[AIl, 3]1,
Col or Function » (Blend[{Wite, Bl ack}, #] &),
Pl ot Range -
| f [type === Eccentricity, {{0, 10}, {0, 10}}, {{O, 180}, {0, 180}}1,
| mgeSi ze -2 %72,
AspectRatio -1,
Frame -» Tabl e[ {True, Fal se}, {2}],
Axes - None,
FrameLabel -
{{"2nd hal f data [degrees]", None}, {"1st half data [degrees]", None}},
Label Style - Directive[7, FontFamly »"Arial"],
Pl ot Label - Styl e[
Whi ch[
hem=== None, "Bot h",
hem=== Lef t Henmi sphere, "LH',
True, "RH'],
Font Si ze » 7,
FontFamily -»"Arial"11],
Bl ock [ {x},
Show|[
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{Plot [
{m[x], p[X], M[x]},
Eval uate[

| f [type === Eccentricity,
{x, 0, EccentricityCoordi nat e[Fi ndRoot [10 ==
datalO[Tenpl ate, Eccentricity][x, 0], {x, -0.1}71[[1, 21], 01},
{x, -1, 1}11,
Pl ot Styl e » {Li ght Pi nk, Bl ack, Li ghtPink},
Pl ot Range » {Autonatic, |If [type === Pol ar Angl e, {0, 50}, {0, 3}1},
Filling - {1- {{3}, LightPink}},
| rageSi ze » 1. 75 » 72,
Frane -» Tabl e[{True, Fal se}, {2}],
FraneTi cks -» {{Automati c, None},
{Quiet[
I f [type === Pol ar Angl e,
Tabl e[
{Pol ar Angl eCoor di nat e [0, Fi ndRoot [y ==
dat alO[Tenpl ate, Pol ar Angl e]1 [0, x], {x, -0.1}1[[1, 2111, Y},
{y, {0, 60, 90, 120, 180}}1,
Tabl e[
{Eccentri ci t yCoordi nat e [Fi ndRoot [y == dat al0[Tenpl at e,
Eccentricity][x, 01, {x, -0.1}1[[21, 211, O1, v},
{y, {2, 4, 6, 8}}111,
None}},
Axes - None,
FrameLabel - {{"Absolute Error [deg]", None},
{"Tenpl ate " <>1f [type === Pol ar Angl e,
"Pol ar Angle", "Eccentricity"]<>" [deg]", None}},
Label Style » Directive[7, FontFam|ly - "Arial"]],
ListPlot [
pts[[2]1,
Joi ned - True,
PlotStyle » Grayl1}11,
Show[
{Brai nPl ot [
Map [
If [Lengthes ==1, #[[1]1], {&#[[1, 111, #[[1, 211, Median[#[[AIl, 3]111}1 &
Split]
Sort [
Map [
{#[[111, ®#[[2]1], Abs[#[[3, 111 -#[[3, 2]]11} &
tnp],
Whi ch [
#H1[[1]] <#2[[1]1], True,
#1[[11] >#2[[1]], Fal se,
#H1[[2]] <#2[[2]], True,
#1[[2]] > #2[[2]], Fal se,
True, True] &],
(BL[[1]] =82[[1]]1&&#1[[2]] =#2[[2]]) &]1,
Pl ot Label -» Style[
"Medi an Absolute Error: 0-" <>If [type === Pol ar Angl e, "60°", "8°"1],
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FontFamily - "Arial",
Font Si ze » 7],
Col orFunction » (Blend[{Wiite, Green}, #] &),
Pl ot Range -» | f [t ype === Pol ar Angl e, {0, 60}, {0, 8}],
I mageSi ze - 1. 75 % 72],
Li st Pl ot [V1Hul I, Joi ned -» True, Pl ot Styl e » {Thi ck, Bl ack, Dashed}]1}1}11;

And actually produce the image of these together; this also prints out statistics (here
and generally throughout, None, when used as a hemisphere, means both hemisphere)

Modul e [
{ing =Tabl e[
{type, hem} - pl ot Repeat Hi st [{dat alOhal f1, datalOhal f2}, type, hem],
{hem {None, LeftHeni sphere, Ri ght Hem sphere}},
{type, {Pol ar Angl e, Eccentricity}}1},
Map [
Function[{d},
Modul e [
{type =d[[1, 111, hem=d[[1, 2]], ims =d[[2]],
i m= G aphi csRow[{d[[2, 1]1], GraphicsColum[d[[2, {2, 3}111}],
stype =1f [d[[1, 1]] === Eccentricity, "ecc", "pa"],
shem=Which[d[[1, 2]] === None,
"BH', d[[1, 2]] === Lef t Hem sphere, "LH', True, "RH"]},
Fi gureExport ["split-hal ves-" <>stype<>"-" <>shem<>".pdf", im "PDF"];
Fi gur eExport [
"split-hal ves-" <>stype<>"-" <>shem<>"-hist.pdf", d[[2, 1]], "PDF"1;

Fi gureExport ["split-hal ves-" <>stype<>"-" <>shem<>"-err. pdf",
d[[2, 211, "PDF"];
Fi gureExport ["split-hal ves-" <>stype<>"-" <>shem<>" -vertex. pdf ",

dr[z, 311, "PDF"1;
| f [$ShowFi gures, imI]11,
i ng,
{2}11
{Pol ar Angl e, None} -
{Mean - -2.19281, Medi an - 0., Mean[Abs] — 24. 2665, Medi an[Abs] - 7. 761}

{Eccentricity, None} -
{Mean - 0. 148539, Medi an - 0. 0137, Mean[Abs] — 1. 84895, Medi an[Abs] - 0. 7516}

{Pol ar Angl e, LeftHem sphere} —
{Mean - -3. 16697, Medi an - 0., Mean[Abs] - 25. 7617, Medi an[Abs] - 8. 583}

{Eccentricity, LeftHem sphere} -
{Mean - 0. 169318, Medi an - 0. 0295, Mean[Abs] — 1. 81321, Medi an[Abs] - 0. 7207}

{Pol ar Angl e, Ri ght Hem sphere} »
{Mean - -1. 1975, Median - 0., Mean[Abs] - 22. 7389, Medi an[Abs] - 7. 0255}

{Eccentricity, Ri ghtHem sphere} -
{Mean - 0. 127308, Medi an - 0., Mean[Abs] - 1. 88546, Medi an[Abs] —» 0. 7871}
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m Anatomical Data Plots

Here, we look at the anatomical data of each subject by reading in anatomical VTK
files, which measure cortical elevation over the spherical brain.
First we prepare them for reading, then we do the calculations
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datalO[" Anatony"] : = (datalO[" Anatony"] = Map[
V1Transform/e {
ReadVTK[$Tenpl at eDi rectory <>" 7anat oy /" <>#<>" -l h-curvature. vtk"] /.
X_Rule:=Join[x[[1]1], X[[2111],
ReadVTK[$Tenpl at eDirectory <>" 7anat oy /" <>#<>" -rh-curvature. vtk"] /.
X Rule=Join[x[[1]]1, X[[2]11]1} &
dat al0[Subj ects]]);
dat a20[" Anat ony" ] : = (data20[" Anatony" ] = Map[
V1Transform/e {
ReadVTK[$Tenpl at eDi rectory <>" 7anat oy /" <>#<>" -l h-curvature. vtk"] /.
X Rules Join[x[[1]1]1, X[[2]111.
ReadVTK[$Tenpl at eDi rectory <>" 7anat oy /" <>#<>" -rh-curvature. vtk"] /.
X_Rule=Join[x[[11], X[[211]1} &
dat a20[Subj ects]]);
$Tenpl at eAnat oy : = ($Tenpl at eAnat ony = V1Tr ansf or m[
ReadVTK]
$Tenpl ateDirectory <>" 7anat ony /f s-aver age-t enpl at e-curvature. vtk"1 /.
X_Rule = Join[x[[1]1, X[[21111);
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Function[{tnp},
Modul e [
{bins, surf, ing},
bins = Map [
Flatten[#, 1] &,
Bi nLi sts]
Reap [
Scan|[
I f [I nV1Di al at edQ[#], Sow[#]] &,
tnp,
{3}1
1002, 111,
0. 001, 0.001, 100007,
{2}1;
surf = Reap|[
Scan [
I f [Lengt he# > O,
Sow[ {Mean[#[[A |, 1111, Mean[#[[AI |, 2111,
Mean[#[[All, 3]1]]1, StandardDeviation[#[[All, 31]11}1] &
bi ns,
{2}1
1002, 1]11;
Print [{Mnesurf [[Al, 311, Maxesurf [[All, 31]1}1;
i my = G aphi csRow[
{Show[
{Brai nPl ot [
Map [{#[[1]1], #[[2]], 0.23 -#[[3]1} & surf [[AIl, 1;; 3111,
Pl ot Range -» {0, 0.5},
Col or Function » (Bl end[{Bl ack, White}, #] &1,
Li stPl ot [V1IHuUl I, Joi ned -» True, Pl ot Styl e - {Thi ck, Bl ack, Dashed}1}1,
Show[
{BrainPl ot [
surf [[AIl, {1, 2, 4}11,
Pl ot Range -» {0, 0.5},
Col or Function » (Bl end[{Bl ack, Wiite}, #] &) 1],
Li st Pl ot [V1HuUl I, Joi ned -» True, Pl ot Styl e - {Thi ck, Bl ack, Dashed}1}]1}1;
Fi gur eExport [
"surface. pdf ",
i ng,
" PDF",
| mmgeResol ution - 6007;
| f [$ShowFi gures, inmg]l]
]@Joi n[dat alO[" Anat ony" ], dat a20[" Anat ony" 1]

(-0.298719, 0.208807)
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We can compare the anatomy of individual subjects from that of the template...

Modul e [
{anat = Sort [
Sel ect [$Tenpl at eAnat ony, | nV1Di al at edQ],
(BL[[11] <=2 (170 1] (#1[[11] ==#2[[1]] &&#®1[[2]1] <#2[[2]])) &
ILIAIL, 311},
Di stributionFitTest[
Map [
Sgrt [Mean[ (#-anat)”"2]] &,
Map [
Sort [
Sel ect [#, | nV1Di al at edQ],
(BLL[1]] <#2[[1]] || (W1[[11] =#2[[1]] &&#®1[[2]] <#2[[2]])) &
I[IAL, 311 &
Join]
Fl atten[dat al0[" Anat ony" ], 11,
Fl atten[dat a20[" Anatony™ 1, 11111,
Aut onati c,
"FittedDi stribution"]]

Nor mal Di stri bution[0.135572, 0.013105]

Exporting VTK Files

m Function for exporting VTK files

We can export aVTK file by reading in another VTK file, mapping each of its points
to a value, and writing out the resulting data. This allows us to create a spherical
brain VTK file despite the fact that our data has been transformed. In order to facili-
tate this, we require that the function that maps points to a value accept, as input argu-
ments, 3 lists: the original (x,y,z) coordinates of the pointsin the VTK file, the con-
verted (6,¢) coordinates of the flattened points, and the values of the pointsin the vtk
file. It must return alist of valuesto be written out.
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VTKExport [fl nm String, convert_Function, outnmString] : = Mdul e[
{v = ReadVTK[f | nm],
val s,
e = | nport [fl nm "Pol ygonData"],
f = OpenWitef[outnm},
val s = convert [
VI[AT, 117,
V1iTransform[v[[A |, 1111,
VIIAT, 2, 1111;
WiteString[f, "# vtk DataFile Version 1.0\n"];
WiteString[f, "vtk output\n"];
WiteString[f, "ASCl I\n"1;
WiteString[f, "DATASET POLYDATA\n"7;
WiteString[f, "PONTS ", Lengthev, " float\n"];
Scan [
WiteStringlf,
Nurmber For m[#[[1]], {8, 5}, NunberPadding -» {"", "0"}1, "
Nurmber For m[#[[2]], {8, 5}, NunberPadding -» {"", "0"}1, " ,
Nurber For m[#[[3]], {8, 5}, NunberPadding -» {"", "0"3}], "\n"] &,

VI[AL, 1111;

WiteString[f, "POLYGONS ",

Lengthee, " ", Lengthee +Length[Flatten[e]], "\n"1];
Scan|[

WiteString[f, Lengt he#,
Apply[StringJdoin, Flatten[Map[{" ", ToString[#]} & #-171], "\n"] &
el,
WiteString[f, "PO NT_DATA ", Lengthev, "\n"1];
WiteString[f, "FIELD Fieldbata 1\n"7J;
WiteString[f, "curv 1 ", Lengthev, " doubl e\n"7];
Scan|[
WiteString[f, Nunber Form[#, {8, 5}, Nunmber Padding -» {"", "0"}1, "\n"] &
val s1;
Close[f]]1;

m Export Templates

For example, we can export the eccentricity and polar angle values

VTKExport [
$Tenpl ateDirectory <>" /et adat a/V1-predi ct. mh. vt k",
Function[{pts3d, pts2d, val s},
MapThr ead [
If[1InV1Q[#l], O, datalO[Tenpl ate, Pol arAngl e] [#1[[1]1], #1[[2]11]1] &,
{pts2d, vals}]],
$VTKExportDirectory <>" /angl e-tenpl ate. vt k" 1;
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VTKExport [
$Tenpl ateDirectory <>" /et adat a/V1-predi ct. mh. vt k",
Function[{pts3d, pts2d, val s},
MapThr ead [
If[1InV1Q[#l], O, datalO[Tenpl ate, Eccentricity] [#1[[1]1], #1[[2]]11] &
{pts2d, vals}]1],
$VTKExportDirectory <>" /eccen-tenpl ate. vtk"];

= Export Aggregates

Or we can export aggregates; thisis a bit trickier as we have to figure out the aggre-
gate value at a point the hard way

Modul e[

{paAgg3 = dat al0[Aggregate, Pol arAngle][[A I, 311,
paAggl2 = dat al0[Aggregate, PolarAngle][[AIl, 1;; 211,
pos},

VTKExport [
$Tenpl ateDirectory <>" /net adat a/V1-prob. mh. vt k",
Function[{pts3d, pts2d, val s},

MapThr ead [
VWi ch[
#2 =0, O,
(pos = Posi tion[paAggl2, pt: {_, _} /; Norm[pt -#1] <0.01]) == {3}, O,
True, paAgg3[[pos[[1, 11]111] &
{pts2d, vals}]],
$VTKExportDirectory <>" /angl e-aggregate. vtk"11;

Modul e[

{ecAgg3 = dat alO[Aggregate, Eccentricity][[A |, 311,
ecAggl2 = dat alO[Aggregate, Eccentricity][[AIl, 1;; 211,
pos},

VTKEXport [
$Tenpl ateDirectory <>" /et adat a/V1-prob. nh. vt k",
Function[{pts3d, pts2d, val s},

MapThr ead [
VWi ch[
#2 == 0, O,
(pos = Position[ecAggl2, pt: {_, _} /; Norm[pt -#1] <0.01]) = {}, O,
True, ecAgg3[[pos[[1, 1]111] &,
{pts2d, val s}11,
$VTKExport Directory <>" /eccen-aggregate. vtk"11;

= Export Coordinate Systems

Or the polar angle and eccentricity coordinates
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VTKExport [
$Tenpl ateDirectory <>" /met adat a/V1-prob. nh. vt k",
Function[{pts3d, pts2d, val s},
MapThr ead [
If[1InV1Q[#1l], O, Pol ar Angl eCoordinate[#1[[1]1], #1[[2]111] &
{pts2d, vals}]],
$VTKExportDi rectory <>" /angl e-coordi nate. vt k" J;

VTKExport [
$Tenpl ateDirectory <>" /et adat a/V1-predi ct. mh. vt k",
Function[{pts3d, pts2d, val s},
MapThr ead [
If[!InVv1Q[#l], O, EccentricityCoordinate[#1[[1]], #1[[2]11] &,
{pts2d, val s}11,
$VTKExport Di rectory <>" /eccen-coordi nate. vt k" J;





