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Motivations

* Is the gaze position relevant for the reward gambling task execution?

« Can we use the gaze position as a marker of what is the animal mentally

picturing during task execution in, particular during delay times?
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Eye movements during task execution
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Eye movements during task execution
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® Leftis best, E(Left)>E(Right)
® Right is best, E(Right)>E(Left)



Eye movements during task execution
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Eye movements during task execution
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Generalized Linear Model (GLM) for behavioral choice

pr = P(Choose R) logit pr = wy+Z; w; x;
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Neural Data

Subject 1

area  session #cells # trials
BA13 12/07/17 51 643
] BA13 12/08/17 59 700
Posterior E— Lateral Orbital
\ Sulcus BA11 12/09/17 24 697
L. BAIl 12/1017 29 603
X Total 163 2643

I Medial OFC [l Lateral OFC

Lateral

Medial Orbital
Sulcus

Subject 2 '
area  session #cells # trials - 2 SUbJeCtS

X BAIl 3/06/19 18 1015 — 8 Sessions
BAIL 30719 32 323

- 248 Cells

BA11 3/08/19 9 1084

Sensory Limbic
y | BA11 3/11/19 26 906
Visual Amygdala
Somatic Sensory Hypothalamus total 85 3328
Gustatory Hippocampus
Visceral
Olfactory

Carmichael, S.T., and Price, J.L. (1994). Architectonic
subdivision of the orbital and medial prefrontal cortex in
the macaque monkey. J. Comp. Neurol.346,366—-402.

Data acquisition

IF_{M@ Tyler Cash-Padgett, Maya Zhe Wang, Benjamin Hayden,

Hayden Lab, Dept. of Neuroscience, Center for Magnetic Resonance Research,
University oF Minnesora — Center for Neuroengineering, University of Minnesota, Minneapolis, USA;

Two adult male rhesus macaques (macaca mulatta) served as experimental subjects. All procedures were approved by the
University Committee on Animal Resources at the University of Rochester and at the University of Minnesota, conducted in
compliance with the Public Health Service's Guide for the Care and Use of the Animals.



Motivations

* Are task-relevant variables encoded by OFC cells?

« Is the gaze position relevant in the neural process of encoding the offer values?



recorded cells

GLM for OFC spiking activity
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Hypothesis: Test:

Focusing on the Left ofter EV, E(L) Consider trials where monkey mostly
- LookL: tR/(tR+tL)<0.5
if the monkey looks at Left/Right side, - LookR: tR/(tR+tL)>0.5
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GLM for E(L):
LookL vs LookR

GLM for E(R):
LookL vs LookR
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Conclusions

* The gaze position has a significant role in the reward gamblin% task execution:
the fraction of time spent at either screen side is predictive of the chosen side;

1,25 - Behavioral choice GLM weights " , v, Left offer EV
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" Hkk " *okk " v Hokk n e Skk I ) ) LC’f[ Oﬁf er VAR
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* Task-relevant variables are encoded by a significant fraction of OFC cells,
including the fraction of time spent inspecting either screen side;
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* The gaze position is relevant in the process of encoding offer values:
looking at either side possibly yields stronger coding of the ipsi-later offer EV.
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Eye Data
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Eye movements during task execution

offer1 delay 1 offer2 delay2 choice
(LEFT) (blank screen) (RIGHT)  (blank screen) (BOTH)

H [
< EHEE |

Subject is inspecting the CURRENT offer (on screen)
Subject is not interested in CURRENT offer (on screen) since it is not the best

Subject drifts the gaze to NEXT offer location (blank screen) for a better value

= Subject drifts the gaze back to PREVIOUS location (blank screen) for a better value

Subject correctly holds the gaze to choose the BEST offer



Eye Data

normalized vertical angle (°)

Two-dimensional distribution of eye position during task execution
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Experimental paradigm

Reward gambling task Orbito-Frontal Cortex (OFC)
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Data acquisition

Tyler Cash-Padgett, Maya Zhe Wang, Benjamin Hayden,
M Hayden Lab, Dept. of Neuroscience, Center for Magnetic Resonance Research,
usversiyorMoesons.— Center for Neuroengineering, University of Minnesota, Minneapolis, USA;

Two adult male rhesus macaques (macaca mulatta) served as experimental subjects. All procedures were approved by
the University Committee on Animal Resources at the University of Rochester and at the University of Minnesota,
conducted in compliance with the Public Health Service's Guide for the Care and Use of the Animals.
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GLM for neural spiking activity
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Generalized Linear Model (GLM)
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GLM for neural spiking activity Left offer EV
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GLM for neural spiking activity Left offer EV

spike patterns spike count () Generalized Linear Model (GLM) s s Rigl/l[ Q[fer EV
] 7
g 1]ofolofolofi]ofo i » W3y Left Oﬁfer VAR
2|0l0j0j0oj0of0|0]0 0 ’ jf
Eslolt|olo|t|olo]o 2 I X4, Wy, Right offer VAR
E4(0fojofr|{0jOj0]0 1 spike . o L . -
Z5 0|t i[ofi|1]1fo 5 |:> ke ()~ Poisson ( /(0 wi xi ,we, order 1stL=1
(i) L1000 K -
E N A (PO [ I I I I . X6, We, tR/(tR+tL)
[N O I I I IR I A I : .. P<0.05
an|t|ojo|oft]|oft]0—D—3 ece
I A\
0 timebins(1msg) 400
preoffer1 offert delay1 offer2 LookR delay2 startfix choicego choicesacc
- 10 - 10 - - 10 - 10 d - 10 - 10 5 T 10 - -
@ © @ © @ © @ © @ © o o @ © @ @
3 & 8 3 3 8 3 3 8 3 3 8 3 3 8 B & 8 3 3 8 3 3
] ol re] of = = re] =1 =] < rs] = =] = Ire] ¥
o Lo ] o (3] =T = o [ar] u uy -— (3] o ™ =+ o
[ 6 [ [ . [ [ [ .
’ R "
: 4 4 . 4 4 4 4 4
4 2 . .a: 2 » 2 " 2 . 2 " 2 ; v 2 .
» ﬁ i- - .5 . é 3 3 7
* = T =
_I—I_I_i._-— 0 _I_I_I_i':_,,_ — 0 _I_I_I_E_-—_ - 0 _I_!_I_i_-—_i_ 0 _I_S_I_;_-—_- _ 0 _I_I_I _I._I_ — 0 _I_I_I_;_I_ _ o—x _1_2___ ]
. 3 3 I - . / R | ’
- : ] 2 * = -2 3 2 . 2 2 - -2 » - -2 -
4 4 4 -4 4 4 . 4
6 6 6 -6 6 : 6 6
558 3 2-] g2g| * acg| @ 3eR] 523 °® gog| N
g T 2 7 = T 9 = = 7 T N = w 3
-10 -10 -10 -10 -10 10 10
B A > AR > AR > B B > B B > B B > B B > B A
@,ﬂa @:?: @,ﬂa @,ﬂa '\ \,\Q%‘\, @j‘a @,ﬂa @,ﬂa @,ﬂa '\ \‘\Q%(Q, @,ﬂa @,ﬂa @,ﬂa @,‘h '\ \,\Q%(Q, @,ﬂa @,ﬂa @,‘h @,ﬂa '\ \g& e @,ﬂa @,ﬂa @,ﬂa @,ﬂa '\ \,\Q-@Q, \ﬂa @,ﬂa @,ﬂa @,ﬂa '\ \,\Q%(Q, @,ﬂa @,ﬂa @j‘a @,ﬂa '\ \,\Q%(Q, @,ﬂa @,ﬂa @,ﬂa @,‘h\\‘?{‘?‘
ST S ST T T AP SR S S S Bty N SR NG T T N QN R
g @ g & 2 &g g q@‘&* & * g q@‘&e‘ & & g be‘q@‘&r&* & & g be‘q@‘&r&* g &g & 8 & g be‘q@‘&é g g @‘&e} g
or or or or or or



delay2 choice

T T

LookL. LookR LookL. LookR
El El
GLMfOT E(L) -E ; T -E ;  EZ3
LookL vs LookR g g I i
= =
5 B. Br 5 B. Br
El El
LookL vs LookR g g I
E _ E_ &
g R
é = é =
T B. Br T B. Br
GLMfOT’ ; FHE ; £33
E(R)—E(L): i 0
LookL vs LookR

-0.1
-0.1

Br Br Br Br

GLM weights (mean + sem)
0
Hll

GLM weights (mean + sem)
0
HE



GLM for E(L):

LookL vs LookR

GLM for E(R):
LookL vs LookR

GLM for
E(R)-E(L):

LookL vs LookR

GLM weights (mean + sem) GLM weights (mean + sem)

GLM weights (mean + sem)

0.1

-0.1

0.1

-0.1

0.1

-0.1

offer1

delay1

offer2

delay2

TT TT TT 17T

Lookl. LookR  Lookl. LookR  Lookl. LookR  Lookl. LookR

0.1

-0.1

0.1

-0.1

0.1

— — -
(e (e o
j—f =) '+o - o -
- - l = l
T T T
— — * ~—
(e (e (e
E3| = 3 i &
- - -
< < T
-~ ~ EX 3 —
(@] (@] ' (@)
H T S R B - B E - i o
= = =
T T T

-0.1

choice

TT

LookL. LookR

wEX




offer1

delay1

offer2

2

*%

*x%

delay2

EEES

choice

TT

E
(5]
b= = — = = %
o O S S S S
[+
(5
£ T I §
o O o o o o
TR y . -
.on
5 = = = = =
Z s < < < <
= 10 —
@) =3 = o
= =
=] =
3 o 2 o
3 8 —_—
= T
& -0.102 & +0.091
g ~0.019 2" +0.037
- 9 —
005115 2 253 0 051 15 2 253
E(Left offer) E(Left offer)
02 02 0.2 0.2 02
0.1 0.1 0.1 0.1 0.1
_& s %Lg_ I B 4_%0 _— Ba ’_
% s 05 1 % os 05 1 % " os 05 % s 05 1 % o5 05 1
02 02 0.2 0.2 02
0.1 0.1 0.1 0.1 0.1
R T — | - o ol B o i 0_4.._63*-_._“
1 05 g 05 1 1 052 & 05 1 4 05 ™ 05 4 05 05 1 M 05 05 1
02 02 0.2 0.2 02
0.1 0.1 0.1 0.1 0.1
Lo - — |- ) L wo - L __ I L el e = A ~ I
07 s A o5 1 O s B o5 0 o5 & o5 07 osA%y 05 0 s 05 1
Significant S, Significant B (BL-Br) for signif.p, & signif.Bpg
Preofferl Offerl Delay1 Offer2 Delay2 Re-fixate Choice-Go Choice-saccade
OfferLev lookL 44/248*** 47/248*** 73/248 (%)*** 42/248 *** 71/248 (%)*** 25/248** 26/248*** 69/248 (%)***
OfferLev lookR 27/248%** 33/248*** 45/248 (%)*** 38/248 *** 43/248 (%)*** 16/248 37/248*** 49/248 (%)***



offer1 delay1 offer2 delay2 choice

T TT TT TT TT

S
3
H - -~ * — — FER
o © S S =) S
< i I
£
., o J—.I.i o 4-5—.1. o =3 o ! o B
B i
s 3 3 3 i
T 0 "
=< = o
- -
=] =
3 o 2 o
S 8 ——
42 in ,_?4: i
2} 0031 & +0.021
g ~0.061 2" +0.092
- 9 —
0 051 152 253 0 05 1 15 2 253
E(Right offer) E(Right offer)
0.2 0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1 0.1
— a - - - SN N _+ B oea. I NN *.L_ -
% s 05 1 % s 05 1 0705 & Bs % o5 A g5 %7 o5 oA o5
0.2 0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1 0.1
T | —_— e ¥ e #*B-L..___._. _.__.J.-D‘*__
% TosR 6 o5 % o5 ’r)‘i 05 1 07 s @l 05 1 % 05 05 1 0 05 05 1
0.2 0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1 0.1
I P _ . e - gle N ... ._gl . s . L . o e,
% o5 B o5 % o5 & 05 1 %% s A 05 % 0s 05 1 07 s 05 1
Significant S, Significant fz (BL-Br) for signif.p, & signif.Bpg
Preofferl Offerl Delay1 Offer2 Delay2 Re-fixate Choice-Go Choice-saccade
OfferLev lookL 43/248*** 25/248** 22/248 (%)* 28/248 *** 47/248 (%)*** 27/248%** 30/248%*** 48/248 (%)***

OfferLev lookR 38/248%** 24/248** 29/248 (%)*** 43/248 *** 78/248 (%)*** 23/248** 27/248*** 89/248 (%)***



delay1

%

offer2

T

offer1

T

S
(5]
4o - — w - —
- S S S S S
: '
: [ N
>, o J—H o 4i—.!.7 o i o ! o
: d
qg) ~i -~ -~ ~ -~
3 3 3 3 3
5 0 "
= = o
= =
=) (=)
2 o [Tt 2 ©
o S I THE
= 7 = 7
& +0.053 &
on
& -0.031 &%
|
-3 -2 -1 0 1 2 3 -3 -2 -10 1 2 3
E(R)-E(L) E(R)-E(L)
02 02 0.2 0.2 02
0.1 0.1 0.1 0.1 0.1
#6*;_4 #ﬁ*‘__‘ L i *l-_.- #6}* 4%_.__—
% s 05 1 % s 05 1 0% o5 A5 % os 05 1 % s 05
02 02 0.2 0.2 02
0.1 0.1 0.1 0.1 0.1
. e | e A - i _._.J-_G/*___
% 05 B 05 1 % 95 05 1 o0 s ﬁ\* 05 1 % -0.5.46 05 1 07 s 05 1
02 02 0.2 0.2 02
0.1 0.1 0.1 0.1 0.1
0 05 05 1 % o5 A 05 q 0 o5 A 05 1 0 o5 & Ko 4 0 oAy s
Significant S, Significant B (BL-Br) for signif.p, & signif.Bpg
Preofferl Offerl Delay1 Offer2 Delay2 Re-fixate Choice-Go Choice-saccade
OfferLev lookL 49/248*** 35/248*** 58/248 (%)*** 45/248 *** 67/248 (%)*** 28/248** 31/248%*** 61/248 (%)***
OfferLev lookR 39/248%** 26/248*** 34/248 (%)*** 40/248 *** 78/248 (%)*** 21/248* 22/248* 66/248 (%)***

delay2

FEE

choice

EEE

-0.059
+0.048



What if we used more bins for Look L vs Look R? i.e. tR/(tR+tL) binned as [0, 0.25, 0.5, 1]

GLM for spike count :
n = exp(Bo + B1 - (Lev))

GLM for spike count :
n = exp(Bo + B1 - (Rev))

GLM for spike count :
1 =~ exp(Bo + B1 - (Rgv — Lgv))
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GLM Rev-Lev weights (mean = sem)
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What if we used more bins for Look L vs Look R? i.e. tR/(tR+tL) binned as [0, 1/6,

GLM for spike count :
n = exp(Bo + B1 - (Lev))

GLM for spike count :
n = exp(Bo + B1 - (Rev))

GLM for spike count :
1 =~ exp(Bo + B1 - (Rgv — Lgv))
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