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Abstract
In this interview, Professor Tim Hanks discusses topics related to neuroscience,
decision making, philosophy, and science as a career. Hanks explores how ideas
from computational neuroscience have helped him set his own research agenda
and also navigate everyday situations. The way the brain makes decisions is
deeply intertwined with topics such as free will, conscious awareness, and mental
health. In order to productively study such diverse topics related to decision
making, Hanks recommends an integrative approach that draws on multiple types
of experiments and model systems, with an eye towards clinical deployment. His
approach builds on various scientific frameworks, while also reminding us to stay
open-minded about what the future of neuroscience may look like or bring.
keywords: decision making, Bayesian, free will, mental health, attention

To quote your book chapter from ‘Neurobiology of Decision Making’: “Thus
looking for the right questions is just another kind of decision” (Shadlen et al.,
2008). This quote resonates with folk sayings such as “the answer is in the
question”, and also with computational perspectives on decision making that
highlight the role of (beliefs about) prior beliefs in controlling how evidential
stimuli play a role in decision making. As a scientist, how did you come to study
decision making? What decision making rules or heuristics were helpful for
you during your development as a professional and researcher?

I was always drawn to the questions that I found most mysterious, with those
of mental experience among the top of the list. These are the questions that
I find most engaging, that keep me thinking at night. What
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provided the final push in the direction of neuroscience was the belief that
these questions were ripe for finding answers. For decision making in
particular, I was drawn in by a fascination with the specific research being
conducted in that area that I learned about as an undergraduate student.
That’s what led me to do pre- and post-doctoral research in the labs of Mike
Shadlen and Carlos Brody. I was enthusiastic enough about both of their
research programs that I can still recall in vivid detail the joy of positive email
correspondence with both before joining their labs. So, I followed the path
of my strongest interests. The most important advice I can give is to follow a
path that results in sustained day-to-day internal satisfaction, and to take
efforts to be honest with yourself about what that involves.
Along my path, I have also carefully considered what would be most
beneficial in the long term to allow me to continue to follow my interests.
That’s a lot harder to determine. I think the most helpful decision-making
advice I have applied in my life and career is to consider every choice in a
Bayesian sense by trying to use evidence to estimate probabilities or at the
very least, to explicitly consider uncertainty. This can obviously help to avoid
overconfidence, but it can also help to overcome paralyzing doubt. Most
importantly, it gives a principled foundation for choosing courses of action.
And that’s ultimately why we have a brain, to shape our actions.
Every day we are consciously aware of deliberative decisions that we make
(e.g. which clothes to wear, what to write in an email to a colleague), rising like
islands of awareness from a vast ocean of subconscious decisions (e.g.
physiological decisions related to blood pressure, heart rate, oculomotor
tracking, postural balance). There are also situations where subconsciouslydecided preferences can apparently be steered by conscious input, for
example in the case of a deliberative pacific response to an aggressive
stimulus. How do you think about the role of conscious awareness in decision
making across these domains, and especially in the case of decisions where
phenomenologically we seem to “have a say” in the output?
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What neural events might distinguish the awareness of a decision from ones
made subconsciously? Is conscious awareness necessary, sufficient, or
differentially associated with decision making tasks (Ganupuru et al., 2019) or
meta-cognitive assessments? How do we coherently generate research
agendas that try to bridge the experience of conscious awareness, with neural
or molecular measurements?

Let me start with the “have a say” component of the question because that is
where I think we have the best opportunity for scientific leverage. This relates
to the question of free will, which I think is often posed in a way that stifles
progress on finding answers. If the question is, “Do we have free will?”, the
answer depends on how we define free will. I think a better starting point is
to ask the question, “To what extent do we have free will?” This promotes
inquiry of what it is that we actually have. As a scientist studying decision
making, I can see a clear roadmap towards answering this by describing the
neural mechanisms that underlie our decisions. It’s my belief that when that
description is complete, it will provide a satisfying and compelling answer to
the question of free will much in the way that our current understanding of
biology, including genetics and evolutionary theory, provide a satisfying and
compelling answer to the question of life.
To make this more concrete, let me give some examples of what I think these
types of explanations could look like. Through the work of many researchers
across our field, we have found that commitment to a decision in many
situations can be described as occurring through the accumulation of
evidence to a threshold level or bound (Gold & Shadlen, 2007; Hanks &
Summerfield, 2017). The evidence is represented in neural activity and the
bound has been hypothesized to be applied to the level of neural activity. A
higher bound would require more evidence for decision commitment and a
lower bound would require less evidence. In other words, a person could
respond differently to the same evidence depending on the level of the

“

Perhaps in following this roadmap, we will find
aspects of decision making that defy
explanation based on our current scientific
understanding, or that are better explained
through new scientific conceptual frameworks
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decision bound. The bound is one mechanism for exerting will.
Understanding the factors that go into how a person sets their decision
bound then tells us something about how that person’s will can be set.
This is just one example. There are many other neural mechanisms for
exerting will in decision making. I think that when we have discovered and
understood those mechanisms, that will provide a compelling account of the
extent to which we have free will.
In reading this, one might think I am describing an approach aimed at
yielding a deterministic account that will be reducible to our current
understanding of physical laws, but I don’t think this is guaranteed. Perhaps
in following this roadmap, we will find aspects of decision making that defy
explanation based on our current scientific understanding, or that are better
explained through new scientific conceptual frameworks.
This is where I suspect consciousness will come to the fore. Currently, we
have no satisfying and compelling scientific explanation of consciousness.
Yet, as your question suggests, our internal experience gives us the impression
that consciousness matters for our decisions. If that impression is correct,
then in trying to fully explain the mechanisms of our decisions, I suspect that
eventually we will hit that wall. The hope is that how we hit the wall will
reveal how our current scientific conceptions need to be refined to better
understand consciousness.
As we pursue this scientific path, I think it is important to keep in mind that
consciousness is not a singular type. In this respect, I find it useful to consider
the evolutionary history of consciousness. Are different types of
consciousness (e.g., visual, auditory, volitional) the product of divergent or
convergent evolution? It seems possible that different forms of consciousness
derived from convergent evolution with distinct types of relationships with
neural or molecular measurements. Even if they derived from something
more akin to divergent evolution from a common proto-consciousness, I
would still not be surprised if there were distinct types of relationships with
neural or molecular measurements for different forms of consciousness. That
could prove very helpful in our quest for deeper understanding because the
commonalities between these relationships would potentially reveal
principles of a more general nature.
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Your work on the speed vs. accuracy trade-off in the brains of macaques was
testing the hypothesis that fast decisions require a lower threshold of
evidence (Hanks et al., 2014). Your findings suggested that control of speed
vs. accuracy may be exerted through changes in decision related neural
activity itself, rather than through changes in the threshold applied to such
neural activity to terminate a decision. This is consistent with Bayesian
frameworks of decision making in the brain - i.e. that variation in internal
neural states or priors can weigh on the outcome of decisions, given the same
task stimuli. How do you think about the statistical or computational
perspectives on decision making, in regard to decision processes that can be
measured in the lab, as well as in the context of the complex long-term
decisions that humans have to make?

Yes, that is very nicely put, and connects directly to the point I was making
above. We studied the neural mechanisms that govern the tradeoff between
the speed and accuracy of decision making because we hope that they provide
more general insight into flexible control of decision commitment. In theory,
control over the speed vs. accuracy trade-off could occur in a variety of ways.
A lower “bound” for decision commitment might be implemented directly
through less neural activity being needed to trigger a choice. Alternatively, it
might be implemented with the same level of neural activity needed to trigger
a choice, but additional internally-generated drive to this neural activity. In
the both cases, there is less external drive needed, and therefore decisions are
made more hastily. We found the mechanism to be more internal drive, what
is sometimes referred to as an “urgency” signal to respond separate from the
evidence.
One thing that I really like about this result is that it seems to be a fairly
general mechanism for cognitive control of the brain. For decision making,
it has been replicated in multiple other studies from different labs and
different decision tasks (Heitz et al., 2014; Thura & Cisek, 2016). There are
other situations where neuroscientists have described boosted neural activity
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associated with cognitive control, perhaps the most prominent being with
selective attention (Squire et al., 2013). In that case, attention to a particular
part or feature of one’s environment can boost activity of neurons selective
for that part or feature. While we don’t know exactly how this activity is
boosted for attention or decision making, it’s intriguing to consider that they
may be related mechanisms. Studying these mechanisms will help us know
more about what can be controlled through cognition and how. For example,
let’s say that after it is started, the boosting can’t be suppressed for some
period of time due to a limitation of the mechanism. In that case, we could
truly say that a person does not have the free will to reduce their decision
bound and increase it again within that time limiting span. I pose that merely
as an example. I do not expect things to be so clear cut. Instead, we will
probably find greater flexibility in cognitive control than this example, but
it may be the case that some forms of it are easier to achieve than others.
To address the final part of your question, the Bayesian framework provides
a theoretical foundation for understanding decision making, and we relate
much of our work to it (Beck et al., 2008). This “computational” perspective
is often contrasted with the brain’s “implementation” within neural circuits.
When considering this distinction, it is important to realize that the
boundary may not always be clear cut and that knowledge of either can be
helpful for understanding both. In other words, even if you only care about
the computational type of understanding or only care about the
implementation type of understanding, studying both will probably help you
more effectively understand either alone.
Your lab developed a new change detection task based on a stream of
auditory clicks generated by a stochastic Poisson process (Johnson et al.,
2017), which allows you to measure the temporal weighting of sensory
evidence when subjects employ different decision-making rules (thus
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finessing the trade-off between false-positives and false-negatives). The
article concluded that “changes in decision stopping rules did not alter the
temporal weighting of sensory evidence on the decision in a systematic way.
Instead, it altered the magnitude of evidence needed to trigger a choice.”
Unlike a forced-choice task, where participants have a window of time to
make a selection, your task allows subjects to “decide when to decide”. What
other applications of this task would like to explore? What do you think is
gained or lost when we isolate decision making outcomes (e.g. bets) from the
time required to make such decisions? How do you think the methodological
tension between fixed-time and free-time decision making tasks could be
retrospectively or prospectively integrated?

We began to study change detection tasks because it allowed us to address an
important set of questions neglected by much of the previous work in the
field, including my own previous work. For many of the most common tasks
used to study the neural mechanisms of decision making, evidence should be
weighted equally across time. One of the major questions has been to
understand how that consistent weighting of new evidence can be achieved,
and tremendous progress has been made with answering that (Brody &
Hanks, 2016). However, there are many situations where consistent weighting
of evidence across time is detrimental. In any situation with change or
instability, recent evidence is more informative than evidence from the more
distant past. So, there can actually be an advantage to “forgetting” – or at
least, not relying as much on information gathered further in the past (Glaze
et al., 2015; Radillo et al., 2017; Piet et al., 2018).
In trying to take the next step to understand how our brain weighs evidence
across time, we have been systematically exploring and characterizing our
capacity to evaluate evidence on different timescales. Clearly, people are
capable of changing the timescale of evidence evaluation for decision making.
But what are the limits of this flexibility? This is what we are trying to
determine. We have been using tasks that push this flexibility to see if people
can simultaneously evaluate the same sources of evidence across different
timescales. If you are making a quick decision about one aspect of something,
does it limit your ability to combine information simultaneously over longer
periods of time to make a more careful decision about some other aspect of
the same thing?
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These questions seem most important in situations where we must determine
when to decide, but I would argue that many “forced-choice” decisionmaking tasks satisfy similar conditions. When you are “forced” to decide at a
fixed cue, this can be thought of as driving a very strong urgency signal to
respond, similar to what I described previously. In this light, perhaps we
should not have been surprised to find the mechanism for changing the speed
vs. accuracy tradeoff that we discussed above involved boosting neural
responses rather than reducing the level of neural activity needed for
commitment, because no such reduction is seen for cued responses in forcedchoice tasks. Likewise, when a cue to respond comes relatively late, decision
commitment may have occurred already (Kiani et al., 2008). One of the
advantages of the cognitive nature of decision making is that it does not have
to be tied directly to the outside world, what one of my former advisors (Mike
Shadlen) would often describe as “freedom from immediacy”.
Although it would stand to reason that the dynamics of the environment
dictate the optimal timescale (Ossmy et al., 2013; Glaze et al., 2015; Radillo
et al., 2017; Piet et al., 2018), you find that the brain represents and utilizes
multiple timescales of evidence evaluation during deliberation (Ganpuru et al.,
2019). What implications does this finding have for cellular mechanisms of
decision making? Does this imply a brain region involved in the task can have
heterogenous evidence weighting, or that multiple brain regions are
responsible for heterogeneous timescales?

We believe this speaks to the architecture of neural circuits that support
decision making. It establishes minimum capacities for information
processing that any neural mechanism of evidence evaluation must support.
Many existing models of decision processing have relied on precisely tuned
circuits that can effectively evaluate evidence over a set timescale (Wong &
Wang, 2006). Changing the timescales can often be achieved by altering the
tuning of these circuits, but that is not enough to support multiple timescales
simultaneously. Intriguingly, alternative models already exist that can
support this. One such class of models uses a processing cascade with
progressively longer timescales of evaluation for later nodes in the network
(Goldman, 2009; Scott et al., 2017). Under this scheme, different timescales
are represented by different network nodes without requiring any alterations
in tuning, so it could naturally support simultaneous deliberation across
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multiple timescales. We have not yet shown this to be the case, but we think
it is a good hypothesis. In theory, these nodes could be distributed across
different brain regions or be distinct subcomponents within brain regions
related to decision making, and this is also a question we are pursuing.
Disease states can influence evidence accumulation, resulting in too much or
too little exploration in various domains. How is decision making affected in
schizophrenia and depression? Does this point to underlying mechanistic
etiological similarities among disease states, or computational attractor states
that can be induced by a variety of causes? What are promising cellular
mechanisms or affected circuits to investigate in relationship to decisionmaking deficits?

Impaired decision making is observed in almost all mental disorders,
including schizophrenia and depression, as you mention. Furthermore, these
impairments can often severely impact quality of life, and some of the largest
negative impacts from many mental disorders come from poor decision
making. I saw this firsthand with my dad, who suffered from an atypical
variant of Alzheimer’s disease that presented as frontal-temporal dementia.
The biggest impacts on his life early on in the disease progression were with
decision making.
While decision making can be impaired in a variety of ways with different
disorders, there do seem to be common modes of impairment that can occur
across disorders. What we are trying to do now is exactly in line with what
you propose of applying our computational models to describe these modes
of impairment and link them to underlying neural mechanisms. We have
begun to collaborate with UC Davis Conte Center led by Drs. Cameron
Carter and Kimberly McAllister to apply this to schizophrenia patients and
animal models aimed at figuring out neural mechanisms involved. We believe
that corticostriatal circuits may play a central role in the impairments to
decision making that come about with schizophrenia. With Dr. Randy
O’Reilly, we have developed a computational model for impaired decision
making in schizophrenia that makes specific predictions for neural
mechanisms impacted in corticostriatal circuits, and we are beginning to test
those predictions.
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We have also been collaborating with Dr. Johannes Hell to study neural
mechanisms of attentional control that might be affected in ADHD. One of
the most interesting aspects of ADHD is that it results in impairments to not
only attention, but it also leads to more impulsivity. What is the connection
between the two? Through our work on decision commitment, we have a
good handle on mechanisms that may be involved for impulsivity, and again,
corticostriatal circuits are implicated. I believe that similar circuit
mechanisms may also underlie attentional deficits. In particular, individuals
with ADHD are often able to reap the benefits of attention when they are
attending to something, but the problem is that they are more easily
distracted. It isn’t so much a problem with attentional enhancement of
perception, but rather one of allocating those attentional resources.
Attentional allocation can be viewed as a decision process, and a reduced
bound that would explain impulsivity would also explain lower thresholds
for changing attentional focus – the distractibility that affects those with
ADHD. We think that corticostriatal circuit mechanisms may explain both.
With Dr. Hell, we are trying to determine specific cellular mechanisms that
may be involved.
What is the minimal number of neurons required to ‘make a decision’? More
generally, do neurons as a cell type participate in a special type of decision
making relative to non-neuronal cells or perhaps even non-cells? In other
words, how should we study the “decision making” processes of bacteria,
computers, neural and non-neural cell types?

I take an inclusive view on what it means to “make a decision”, but with the
caveat that there are important differences among the class of processes
considered as such. Under this view, a single neuron is certainly capable of
making a decision, but without the same range of complexity as a large
network of neurons. Likewise, while neurons and neural networks participate
in a variety of types of decision making, they do not do so in a necessarily
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unique way. Non-neural cell types, computers, etc. may also participate in
similar types of decision making, but this needs to be considered on a caseby-case basis. For instance, we can describe accumulating information to a
threshold over a flexible timescale from milliseconds to minutes as a specific
type of decision making. Human brains can do this, but it is not known what
minimal architecture of brain tissue is needed to accomplish it. Computers
can easily be programmed to do it, but it becomes more challenging as we
expand the domain that we are considering to more complex types of
decision making. It would also be interesting to know the capacity of other
systems like bacteria. Intriguingly, for this example, there are suggestions that
non-neuronal cells could play a role. In particular, the glial cells (nonneuronal cells of the nervous system that actually outnumber neurons)
known as astrocytes have been shown to accumulate information over 10s of
seconds for decision making in zebrafish, with some indications of flexibility
in that timescale. In that circuit, the astrocytes seem to work in concert with
neurons by accumulating evidence from neural input over a longer timescale
and then influencing other neurons.
I believe one of the keys for studying decision making in any setting is striving
for a clear description of what type of decision process one is studying. This
is one of the more important benefits of using a computational approach
because it gives a framework for rigorous description. This has a parallel to
the discussions above about free will. Rather than asking, “Is [X] making a
decision?”, I think it is better to ask, “In what way is [X] making a decision?”
Reflexive movements may still be considered decisions in some sense, but
they are very different types of decisions than those involving reflective
deliberation. They invoke different forms of computation and different
complexity of neural circuit processing.
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