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" . Additional properties:

|nh|b|t|on,_ can c_;reate signal f *Inhibition from basal ganglia means arbitrarily small inputs do not cause selection.
Growing neurophysiological evidence indicates that during decision accumulation but introduces the y
making single neurons can integrate the sensory evidence in favour of a control problem of how the Y 7 -~
particular response. Mathematical models can describe the dynamics of positive feedback circuit is / —— o= - S
this evidence accumulation process (Ratcliff et al, 2003; Reddi & _broken. For G < 1 accumulation [ ammmmmmTmECS Y mmommr 820 6. Model matches activity data and makes predictions
Carpenter, 2000) and promise to connect the behavioural and the Is not guaranteed to reach /- '
neurophysiological levels of description, but they do not address the ’:jhresholci. FOFtG > 1 the Stlghnal b e o
neural mechanisms which could implement such accumulation. Our oes not reset once Input has = " . . . . o
analysis demonstrates that it is implaugible that evidence accumulation is been withdrawn. G = 1 creates The aldldltl_o_n oflnocljs_e aclllovyss_ S|mule|1(t_|on ?ﬁ‘r']v'ty to be(;natcdhetd to reciorde_clj ﬁft"t’r';‘y n
the result of endogenous neural processes alone, but instead is probably linear growth, making the circuit neudral OC'kaO ved_ ',p eC|st|)ontn;r? mgft eref re(t;.()rt "][ﬁ ta'lta ;\S n% Sva' a 'ebl et
the result of modulated positive feedback in neural circuits. We present an a perfectintegrator ]Ern% ien t?gsgsnﬁg?eilc 1ONS about the patierns ot activily that It Should be possible 1o

established model of the circuits between the cortex, thalamus and basal
ganglia (Gurney et al, 2001) and show how it is capable of supporting
cortical evidence accumulation. The model also deals with previously
unaddressed problems of how accumulation is initiated, modulated and
terminated and/or overridden. Our model provides an established
circuitry that can implement and control the accumulation dynamic,

-~ Y Two noisy input signals and characteristic simulated activities in each of the model
4. Positive feedback requires control via inhibition loci are shown, with matched recording data where available (below):

something not provided by descriptive models. Tuning inhibition, for G = 1, f 1 2 - " . t
. - . . . allows the control of the rate of Yoe | ” . T I Input (model) OMPpEHIOn) - 1arge

1. Decision making by evidence accumulation accumulation. B >0 allows decay TN =

of signal accumulation with the el NN e EE
The accumulation of sensory oy = . disappearance of the input. B > c [ N o> o
evidence appears to subserve accumulation? prevents accumulation to a level \ \\ 3
decision making. Right, from Gold & high greaterthan c. S > L.-d
Shadlen (2002) mean firing rates of 60 - et time
lateral intraparietal (LIP) area | e MMatRt
neurons during a motion 2 medium
discrimination task. A ramp like £ L T : : : —
increase in firing is time-locked to € accumiation? [f/ conerence 5. Thalamo-cortico loops provide this generic circuit,
stimulus onset. Rate of increase is = A0 - the basal ganglia provide inhibition control 5 5
dependent on stimulus strength. . Clal [
Response initiation is time-locked to K s
threshold crossing 30 Having established that a modulated positive feedback loop is the minimum plausible |

] generic circuit for initiation and control of signal accumulation, are there any candidate e

How can a signal accumulation - neural circuits for the generation of cortical signal accumulation in decision tasks? We
dynamic be created in neural 0 500 400  -200 0 propose that thalamo-cortical loops are the cause of signal accumulation in cortical
circuits? i it algred o cells |_mplemente_d In decision making: |

» Reciprocal excitatory relays between thalamus and cortex are well established.

* The basal ganglia provides a source of inhibition, which can be modulated by cortical

2 iInputs.
2. An endogenous neuronal process: *The basal ganglia is implicated in resolution between competing behaviours / H“ '|
(Redgrave etal, 1999).
It is unlikely that signal accumulation is the consequences of direct integration, - |
endogenous to the single neuron: We have proposed a model of behaviour switching by the basal ganglia, embedded -‘-
= Adaptation to constant input is the norm in cortical neurons. within thalamo-cortical circuits and based on the known functional anatomy of the 7
= The membrane time constant that would be required to evince accumulation over connections between the nuclei. The details are presented in Gurney etal, 2000& e
the durations observed is implausibly large (full analysis in Humphries et al, Humphries et al, 2002. The essentials are represented schematically in the figure far Exoorimental Data above | e
Sme'tte_d)_- o _ _ _ _ _ I’Ight. Model data below
» Fast activity decay rates post-decision are incompatible with a slow integration | | o 3 | 3
= Accumulation rates vary according to task, requiring additional control input even This model provides the circuitry for modulated positive feedback, with additional
if accumulation per se is endogenous. provision for the resolution of conflicts. Model properties that make it suitable for _ Excitatory Projection )
generating cortical signal accumulation in support of decision making including: Predictions: @ e Inhibitory Projection
- Focused Projection
e . . | 3 o o
3. Can positive feedback create appropriate accumulation? -Cells which demonstrate the I Difuse Projecion )
Selection between two 0.8 — activity predicted should be found
In order to Investigate the competing inputs generates 06 —— Chamei2, 0= 02 in the subthalamic nucleus (STN) N
mlnlmum plausible circuitry of lnplIt) C cortical signal accumulation 04 and globus pallidus external Sources for data flttlng
Slmple mo_del neurons th_at can (right). Inputs are both Step Se_gmer_]t (GPG) _ = (3,4) Adapted with permission from Sato etal. (2001).
generate signal accumulation we inputs of onset t = 1 and offset %2 . =Disruption of normal basal ganglia - (5,6) Hikosaka, Sakamoto, & Usui (1989b) and Hikosaka,
. . . . : : Sakamoto, & Usui (1989a).
define the following circuit, shown t=3. 0.0 . . . . function should affect cortical « (7 8) Handel & Glimcher (1999) and Hikosaka & Wurtz (1983)
right: .\ 0 1 2 3 4 5 choice-related activity. = (9,10) Watanabe and Funahashi (2004).
B) Time (s)
L_et f and b _be populations of imhibition
simple leaky integrator neurons - _ _
which produce outputs y, and y, 10 The addition of noise results in =Gold & Shadlen (2002). Neuron, 36 (2), 299—308. Hikosaka, Sakamoto & Usui (1989a). Journal of
i hannel 1 I I =Gurney, Prescott & Redgrave (2001). Biological Neurophysiology, 61 (4), 780—798.
respectlvely. Let each output be 0.8 "~ Ghamnal2 (e;.;)%rwze)eef(;;lﬂ?}sth()er;esggnseestntahlz Cybernetics, 85, 401-410. »Hikosaka, Sakamoto & Usui (1989b). Journal of
I I I I I 6 1 - ] »Ratcliff, Cherian & Segraves (2003). Journal Of Neurophysiology, 61 (4), 814—-832.
Welghted by Wfand Ws respectlvely FOI’. this Slm.ple feedb.aCk SyStem.the. C.)L.JtpuL Yiis »e channel with the lower average Neurophysiology, 90 (3), 1392-1407. =Hikosaka & Wurtz (1983). Journal of Neurophysiology, 49
and passed and summed as definedby:timet, theinputc, theinhibition onthe 041 nput provokes selection because »Reddi & Carpenter (2000). Nature Neuroscience, 3 (8), (5), 1268-1284.
: : o i _ 0.2 1 827-830. »Sato, Murthy, Thompson & Schall (2001). Neuron, 30 (2),
shown. f receives input ¢ and th_e fee_dback B - if any (see section 4) and_th_e ” of positive feedback on a ‘Rodgrave, Prescott & Gumey (1999). Neuroscience, 89 o3 501
feedback relay between b and fis weights on the outputs. The closed loop gain is 7 1 ; ; . s transientrise in the signal (4), 1009—1023. =Watanabe & Funahashi (2004). Journal of
: : ‘hiti i — - »Handel & Glimcher (1999). J | of N hysiology, 82 N hysiology, 92 (3), 1738-1755.
subject to inhibition 3. givenbyG= w,.w, Time (s) (66)1?3258—34{?; er (1999). Journal of Neurophysiology, europhysiology, 92 (3)



	Page 1

