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Tests of two key predictions of the hypothesis that dopamine 

transients serve as a cached-value error-signaling system for learning 
 
Associative learning is driven by prediction errors that occur in response to unexpected 
outcomes. Dopamine transients correlate with these errors, at least for rewards, however 
current interpretations limit these biological signals to transmitting errors in so-called cached or 
model-free value. This influential hypothesis is supported by much correlative data, but several 
key predictions have remained untested. One is that learning supported by such errors is 
content-free, consisting only of value and not including any specific information about the 
predicted future events. Another is that these errors are not elicited by surprising events unless 
the scalar value represented by those events is not as expected.   In my talk, I will describe 
experiments we have done to directly test these predictions for VTA dopamine neurons 
recorded in rats.  In each case, the results failed to match the straightforward predictions of this 
popular account and instead were consistent with a much broader view of the role of this 
biological system in supporting associative learning in the mammalian brain.  
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I am because we are: Exploring the Mechanisms of Dyadic 
Social Interactions 

 
The Ubuntu/Botho view of “a person is a person through other persons” can both 
illuminate the best as well as expose the dark side of humanity. Our research 
investigates how the brain responses of individuals are shaped by their interaction with 
other brains. We test how the brain responses of listeners, during verbal 
communication, are shaped to match the brain responses of the speaker. Our studies 
indicate that during successful communication the speaker’s and listener’s brains exhibit 
joint, temporally coupled, response patterns. High coupling suggests strong alignment 
across people mental representations of sounds and meanings, while low coupling 
indicates communication failure. The ability to be coupled with other people allows us to 
communicate and be connected to all individuals, and thus expose the humanistic 
nature of “us” as persons. However, we also find that interactions with other people can 
create exclusions and divisions, between “us” and “others,” which enhances the 
coupling between the brains of people within our group, while decreasing the coupling 
between our brains and those of out-group members. Such neural decoupling can 
propagate tension, conflicts and violence among groups and cultures. Exposing the 
underlying neural forces which operate across brains may open new ways to 
understand how people’s thought and actions are being shaped and manipulated by the 
thoughts and actions of others which in turn influences those others.   
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The neural genesis of reward timing and a theory of intertemporal decision 

making 
A central function of the brain is the ability to predict the timing of future events of behavioral importance 
based on past experience.  This ability to appreciate the predictive qualities of environmental cues affords 
a means by which the organism may subsequently inform the timing of future actions, evaluate the 
relative worth of options, and govern future learning in response to changes in the statistics of the 
environment.  By relating predictive neural activity to behavioral outcome, brain reinforcement systems 
are thought to mediate changes in synaptic efficacy underlying this ability to learn temporal expectations.  
Thus, understanding the means by which such reinforcement systems encode interval timing is a central 
question in the field.  Exemplifying this process is the phenomenological observation of so called “reward 
timing activity“ in the primary visual cortex (V1) of rodents, wherein pairing visual stimuli with delayed 
reward leads to stimulus-specific activity predicting the time of expected reward (Shuler and Bear 2006; 
Zold and Hussain Shuler 2015).  Having modeled how reinforcement signaling can cause a network to 
learn to produce reward timing activity (Gavornik, Shuler et al. 2009; Huertas, Hussain Shuler et al. 2015), 
we tested and demonstrated that cholinergic innervation of V1 is necessary (Chubykin, Roach et al. 2013) 
and sufficient (Liu, Coleman et al. 2015)  for cued-interval timing to form.  We then show that such activity 
in V1 is behaviorally-relevant by demonstrating how spiking activity within V1 is predictive of visually-cued 
timing behavior, and how perturbation of V1 lawfully shifts the behavioral report of an interval’s 
expiration (Namboodiri, Huertas et al. 2015).  Together, these observations advance a general 
understanding of reinforcement learning, that the cholinergic system can serve as a reinforcement signal, 
and that V1 can produce intervals informing the timing of visually-cued behaviors.  Finally, a general 
theory of how time’s cost is assessed and incorporated into decision making is presented (Namboodiri, 
Mihalas et al. 2014; Namboodiri, Mihalas et al. 2014), rationalizing a number of well established, yet 
curious, observations.    
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