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How Does Drug Use Shift the Balance Between
Model-Based and Model-Free Control of

Decision Making?
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What influences the decisions we make? Do we construct rich
maps of possible actions and their outcomes to select the best
future option, using so-called model-based strategies, or do
we default to something more automatic that reflects what
generally has been best based on past experience, processes
that are referred to as model-free strategies? These questions
have motivated experiments designed to tease apart differ-
ences in these two decision-making strategies. In humans, a
major advance toward addressing this question came from the
development of a two-stage decision-making task that allows
simultaneous determination of the relative weighting of the
model-based and model-free strategies in use (1). However,
the absence of an easy-to-implement analogous rodent task
that mirrors the features and outcomes of the human two-
stage task was a major roadblock for translational mecha-
nistic studies of decision making. This was a critical missing
piece, because dysfunctions in model-based behaviors have
been associated with psychiatric illnesses like addiction (2). As
a result, answering the question of “the chicken or the egg” in
the dysfunctions of model-based control in people with
addiction has been unresolved.

To overcome this, Groman et al. (3,4) developed a novel
two-stage decision-making task for rats that is rapidly acquired
and that mimics the human task. In this task, rats press levers
to gain the opportunity to nosepoke in ports for reward—
earning a reward requires a sequence of two choices. The
choice between two levers is the first stage, and the choice
between two lighted nosepoke ports is the second stage. Each
lever is associated with a high probability of access to one pair
of nosepoke ports and a low probability of access to a different
pair of nosepoke ports. Thus, on any given trial, upon pressing
a lever, the rat experiences a relatively common or relatively
rare transition from stage one to stage two depending on
which pair of nosepokes lights up. Once a pair of nosepoke
ports is available, the rat’s choice of which port to respond to is
shaped by distinct probabilities of reward availability that shift
over session blocks. These probabilities assigned to each
nosepoke port are weighted so that the common transition
after pressing one lever has a higher probability of reward than
the common transition after pressing the other lever.

Earning a reward in this task is not simple—how do rats go
about it? Animals exhibiting an exclusively model-free strategy
should stick to their past rewarded choice on the current trial.
In contrast, animals using a model-based strategy should alter
their current choice based both on the previous trial’s outcome
and on whether the first stage lever they chose led to the

common or rare set of nosepoke ports associated with that
choice. Amazingly, Groman et al. (3,4) report that rats trained in
this task exhibit contributions of both model-based and model-
free strategies to their decision making, just as humans do on
the equivalent task. This contrasts with other reports of a ro-
dent two-step task in which rats use primarily model-based
strategies after a long training period (5).

The use of the two-stage task developed by Groman et al.
(3,4) allows for assessment of the degree to which both model-
free and model-based processes contribute to decision mak-
ing. This is a major advance over typical experimental
approaches in animals such as reward devaluation and con-
tingency degradation to test if behavior is sensitive to changes
in reward value; if it is not sensitive, that behavior is taken as
consistent with the use of model-free strategies (6). These
approaches allow only for an either/or assessment rather than
a relative weighting of each strategy in cases where both might
be used. This is important in the context of addiction, where
prominent hypotheses hold that behavior transitions from be-
ing model-based to model-free, contributing to compulsive
drug intake (2,7). However, it has proven difficult to disentangle
in human subjects whether observed behavior reflects strategy
predispositions, whether drug use alters either model-based or
model-free processes, or whether both occur.

To directly assess this, Groman et al. (4) use their two-stage
task in rats to determine model-free and model-based contri-
butions to behavior before and after a stint of drug taking, and
report these findings in the current issue of Biological Psy-
chiatry. Rats were allowed to self-administer methamphet-
amine, a gold standard procedure to model volitional drug use
in animals. To quantify individual variability in drug self-
administration, Groman et al. (4) obtained estimates of two
parameters: one relating to the initial reinforcing properties of
intravenous methamphetamine, and another relating to the
escalation of intake across the 2 weeks of drug taking. This
approach allowed a comparison of previous contributions of
model-free and model-based strategies to decision making for
a natural reward, sugar, with each of these metrics of drug
taking. Interestingly, Groman et al. (4) found a negative rela-
tionship between the predrug degree of model-free strategy
and the amount of methamphetamine administered at the
beginning of self-administration training. Digging into the data,
Groman et al. (4) were able to determine that subjects with low
model-free behavioral control were actually less sensitive to
receipt of food reward in the two-stage decision making task,
yet ended up taking more methamphetamine. The transition
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from recreational drug use to addiction is proposed to
involve changes in the balance of model-free and model-
based decision making, so one may have expected that
more model-free behavioral control and/or less model-based
behavioral control would have predicted escalating drug
intake, acting as predispositions or risk factors for addiction
vulnerability (7). However, there was no relationship between
either model-free or model-based strategies and escalation
of methamphetamine intake over 2 weeks of drug taking,
which is surprising given the evidence from previous studies
using either/or evaluations of model-free and model-based
strategies.

Next, the rats were retested in the two-stage task to relate
drug taking and the influence of drug exposure on the
weighting of model-based and model-free processes. Previous
research suggested that drug use in animals promotes a shift
to model-free influenced behavior [reviewed in (6,8,9)]. How-
ever, Groman et al. (4) found that this was not the case and that
contributions of both model-free and model-based strategies
to decision making were decreased after drug use. This pattern
could arise from a deficit in a common arbitrating system that
would predict an equivalent shift in both processes or instead
could result from shifts in two independent systems deter-
mining individually the weighting of model-based and model-
free influences. Surprisingly, Groman et al. (4) find evidence
for the latter, because the degree of change for model-free and
for model-based contributions to decision making after drug
use were unrelated at the level of the individual subject. This
pattern of independent change in these two systems suggests
the need for a reevaluation of the idea that behavioral control is
a winner-take-all competition between these two (Figure 1).
This finding contrasts with findings from previous human im-
aging studies suggesting that there may exist an arbitrator that
controls the preference for a model-based or model-free
strategy (10).

Groman et al. (4) highlight the utility of well-designed
preclinical behavioral procedures in advancing our under-
standing of complex cognitive processes and their dysregu-
lation. The use of this procedure has provided tantalizing
evidence that individual variation in model-free tendencies
may impact initial drug taking, and that chronic drug taking
may impair the appropriate use of both model-free and
model-based decision-making processes. Finally, because
the use of each strategy was independently impaired by
methamphetamine, Groman et al. (4) have provided evidence
that these strategies are not always in a trade-off or winner-
take-all situation. In the future, it will be of interest to measure
behavior in the rodent two-stage task after extensive expe-
rience with drug taking beyond the relatively short 2-week
period used here, to determine if the described changes are

stable or if further alterations occur. In addition, comparisons
with other drugs of abuse will be needed to test for generality
of these findings.

The rodent two-stage task will also prove a boon to un-
derstanding how different neural circuits contribute to model-
based and model-free decisions. In previous work, Groman
et al. (3) found that dopamine tone in the orbitofrontal cortex
and nucleus accumbens was related to the degree of model-
based influence on behavior in the two-stage task. The
encoding of actions and outcomes is disrupted in both of
these regions after drug use (8), so it will be an exciting future
direction to understand the contributions of these structures
to ongoing behavior in the two-stage task. Understanding
how dopamine in these regions, as well as in the more
commonly studied dorsal striatal territories, contributes to
these diverse strategies will also be an important area for
further study, because dysregulated dopamine signaling is a
core feature of addiction. The approach of Groman et al. (4)
provides a framework for investigating dysregulated deci-
sion making in a variety of disorders and for advancing find-
ings along the pipeline from research to treatment for those
with psychiatric illness.
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