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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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Eye movements during task execution
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Eye movements during task execution
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Neural Data

B Medial oFC ] Lateral OFC

Lateral

Posterior e n st AT Lateral Orbital
Sulcus

Medial Orbital

Subject 1

A \121

Sulcus
area  session #cells # trials
3m /(" BA13 12/07/17 51 643
; i < BA13 12/08/17 59 700
[ L Ry BA11l 12/09/17 24 697
i ) BA11 12/10/17 29 603
/ \ Total 163 2643
Sensory Limbic .
o i Subject 2
isual Amygdala .
Somatic Sensory Hypothalamus area session #cells # trials - 2 SUbJ ects
Gustatory Hippocampus .
Visceral BA11 3/06/19 18 1015 - 8 Sessions
Olfaciory BA11 3/07/19 32 323 _ 248 Cells
Carmichael, S.T., and Price, J.L. (1994). Architectonic BA11 3/08/19 9 1084
subdivision ofthe orbital and medial prefrontal cortex in BA11 3/11/19 2 206

the macaque monkey. J. Comp. Neurol.346,366-402.
total 85 3328

Data acquisition

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

Two adult male rhesus macaques (macaca mulatia) 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. 22



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

is the E(L di in OFC aff d?
1s the ( )CO 1ng in attecte - GLMfor E(L):Loo/e Lefl

n = Poiss(f ~1(Bo. + B -E(L)))

- GLM for E(L): Look Right
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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 gambling 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
075 i *kk *kKk *kk *kk *okk *kk I B B Rl'gh[ OﬁET EV
a " *kk v e —— . w p—— ) ) LEﬁ‘ offer VAR
0.25 1 I***_ o *;* [ i I**l ok X4, Wy, Right offer VAR
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offer1 delay1 offer2 delay2 re-fixate choice-go  choice-made

« Task-relevant variables are encoded by a significant fraction of OFC cells,
including the fraction of time spent inspecting either screen side;

40 Fraction of significantly encoding cells (%)
30

20

o I I I I I I I R Binomial test:
. I ..... I ..... I ..... II I I > p<0.05

(20+/248)
offer1 delay1 offer2 delay2 re-fixate  choice-go choice-made

* 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

>

normalized vertical angle (%)

# gaze drifes 0

tR / (tR +tL) -

Ychoices =R [T

# gaze drifs €

pre-oj]%ri 0/]2)r1 d(}lay] 0]]2*?‘2 defayZ re-fixate (hoia)—go choice-hold
Two-dimensional distribution of eye position durinb task execution
-1 0 1
nnrmahzed )oﬂznntal angle normalized count (xy)
.1 . . . . . o I 1
Mldllne—crossn'lg gazc drlfts ﬂnd foers EV dlfrﬁl'ence durlng task execution
e - . I Sne el —
0 0 ol= 0 S| 0 0 st %) o 0 .
-3 0 -3 0 3 -3 0 3 -3 0 3 3 0 3 -3 0 3 -3 0 3 -3 0 3
nghl‘ EV - Left EV Right EV - Left EV Righr EV - Left EV Right EV - Left EV Right EV - Left EV Right EV - Left EV Right EV - Left EV Right EV - Left EV
Left Right - mililins-crossing gaze drifts directed Left  — pclynomial fir C.IL midline-cmssing gaze drifts directed Right polynnmial fir C.L
Timing of gaze drifts occurrence during task execution
4 4 4 4 4 4 4 4
v SRS s b /\\ 2 el e | 2 E \‘—/—-—z- 2 '\"/\A-- 2N 2+ 2
0 0 0 0 0 L Y 0 0
0 200 400 0 200 400 0 300 600 0 200 400 0 500 1000 0 250 500 0 250 500 0 500 1000
time (ms) time (ms) time (ms) time (ms) time (ms) time (ms) time (ms) time (ms)
Left Right B midline-crossing gaze drifts directed Left O all gaze drifts directed Left midline-crossing gaze drifts directed Right all gaze drifts directed Right
1 1 1 —7 1 1 1
0 0 0 0 0 0 oL 0 bzer
-3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3
Rigl]r EV - Left EV Right EV - Left EV Righr EV - Left EV Right EV - Left EV Right EV - Left EV Right EV - Left EV Right EV - Left EV Right EV - Left EV
« data —sigmoid At - intercept M C.L
1 1 1
0 0 —/

-1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1
time R - time L time R - time L time R - time L time R - time L time R - time L time R - time L time R - time L time R - time L
B,=-.08 ** B,=43 B,=.57 " B,=91" B,=1.43 " =152 B,=2.09 ™ B,=13.09 "

- dara  —logistic fir ClIL

What is the eye
position during
task execution?

What is the
fraction of time
spent on either side
given EV
difference?

Is the difference in
time related to the
final choice?
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Eye movements during task execution

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

-1 0 1 -1 0 i -1 0 1 -1 0 1 -1 0

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
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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)

Dorsal

q[ﬂ‘r 1

+400 ms Ventral
+600 ms +400 ms Lateral

+600 ms
, H00ms LT Ty
reward chance (magnitudes) ormore VAHAE 4200 ms oo
® NO reward (0 pL) ® SMALL reward (125 L) o more BA11

® MEDIUM reward (165 pL) ® LARGE reward (240 pL) Medial ® BA13

(reward)

delay 1
! offer 2 delay 2

rﬁ’tﬁxa[f’

Rostral
epneD

hoico- .
CHOICE=LO " _made feedback

Data acquisition

Tyler Cash-Padgett, Maya Zhe Wang, Benjamin Hayden,
M Hayden Lab, Dept. of Neuroscience, Center for Magnetic Resonance Research,
Uiversiry oF Miesors 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 Left offer EV

spike patterns spike count () Generalized Linear Model (GLM) s s Righ[ Q[fer EV
( , W3, Left offer VAR

0(0(0

E 1L o]0 1{0]0 1
200(0f0o(0o]G|0jOf0 0 ; ff
E3lolt]ololi]olofa 2 I x4, Wa, Right offer VAR
E40(0f0f1|0|0j0(0 1 spike . - L e -
L HHHHHEH HE = = ErA T3 ) s, order IstL=1
- 6 [0]1|0jOfO|1]|0]1 :3 Xg, We, tR/(tR+lL)
(A A I I I e IR A I : 1.s. P<0.05
an|t|ojo|oft]|oft]0—D—3 ece
I A\
0 timebins(1msg) 400
preoffert offert delay1 offer2 delay2 startfix choicego choicesacc
::3 © 3 ::3 © 3 ::3 © 3 ::3 © 3 ::3 © 3 :“.‘J 3 ::3 © 3 ::3 @
el ITs) ] el ] ] — ] ] < o =] =] @ =]
o ] o -t o] uw o] T=] =] =] L ] = (58]
2 2 2 2 2 2 2
1 1 1 . 1 1 4 1 4 1
s ¥ 2 v .
bad .4 % fiis) i:d jad IR IT
BERERED o t—f- —F— U_I_I_I_I_"_%_ OB i S S R - D—I _I_ —I—I— o= —— == T o —f— =3
T v g 1 1 3 ¥
3 3 I z__ y 3 K3 5 i E 4 ! E I 5'_ ) i i ;‘| ® =
: b & * ¢ : - ¥ %
1 1 . 1 . 1 1 1 # . 1 i
2 2 2 -2 2 2 2
R Be2l 4 B SE{ s 228y SR I yoey 2 o8
7 T 5595 F7T 57 53 59 559
AN AN Ay @ AN N AR A @ o AN AN Ay Ay @ AN A Ay @ o AN AR AN Ay @ o AN SN A A @ o AN A A @ o AN A Ay @ o
SRR SRS SRR G SRR G S g RCRSRS SRS
o @ N AT @ W N Qs\\_ Y o @ N Qs\\_ g oV Qg\\ Y o &N Qs\\_ IR P S Iy oo & R
ey &e} & @ g @ &e} & @ gt @ &e} & @ gt @ &e} & @ gt @ &e} & @ g @ &e} & @ gt e &e} & [l &e} &
& & & & & & & &



[=1

GLM for neural spiking activity Left offer EV
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GLM for neural spiking activity Left offer EV
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GLM for E(L):
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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 7:
1 = exp(Bo + B1 - (Rev))

GLM for spike count 7:
n = exp(Bo + B+ (Rev — Lgy))

GLM Rev weights (mean = sem) GLM Lev weights (mean = sem)

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 7:
1 = exp(Bo + B1 - (Rev))

GLM for spike count 7:
n = exp(Bo + B+ (Rev — Lgy))
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