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Abstract

Goal-directed and habitual decision-making are fundamental processes that support ongoing 

adaptive behavior. There is a growing interest in examining their disruption in psychiatric disease, 

often with a focus on a disease shifting control from one process to the other, usually a shift from 

goal-directed to habitual control. However, several different experimental procedures can be used 

to probe whether decision-making is under goal-directed or habitual control, including outcome 

devaluation and contingency degradation. These different experimental procedures may recruit 

diverse behavioral and neural processes. Thus, there are potentially many opportunities for these 

disease phenotypes to manifest as alterations to both goal-directed and habitual control. In this 

review, we highlight examples of behavioral and neural circuit divergence and similarity, and 

suggest that interpretation based on behavioral processes recruited during testing may leave more 

room for goal-directed and habitual decision-making to co-exist. Furthermore, this may improve 

our understanding of precisely what the involved neural mechanisms underlying aspects of goal-

directed and habitual behavior are, as well as how disease affects behavior and these circuits.
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Introduction

Within the past decade, there has been growing interest and success in examining psychiatric 

conditions through the lens of instrumental control processes gone awry, namely transitions 
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between goal-directed and habitual decision-making processes. This is in part due to the 

elegant work delineating experimentally-defined behavioral definitions, as well as the 

identification of distinct and separable cortico-basal ganglia loops supporting each process. 

These foundations have provided avenues with which to investigate how disease may target 

one or the other of these decision-processes. At the same time, many have found the 

hypothesis that the decision-making process is under either goal-directed or habitual control 

unsatisfying.

For example, a growing literature suggests that drug dependence produces a bias towards 

reliance on habitual decision-making processes (Everitt and Robbins, 2005; 2016; Gremel 

and Lovinger, 2017; Hogarth et al., 2012). At the same time, other reports in the literature 

(e.g. Ersche et al., 2016; Hogarth et al., 2018) suggest that addicts may be goal-directed in 

some aspects of their drug-seeking and drug-taking behaviors, and compulsive in others. 

This understandable frustration has led to both a disregard for the habit hypothesis, as well 

as to the further development of habit hypotheses; for example, that goal-directed and 

habitual processes may exist in a hierarchical selection framework, i.e. one could habitually 

select goal-directed actions to execute (e.g. Cushman and Morris, 2015) or that there might 

be goal-directed selection of habitual action sequences (Dezfouli and Balleine, 2012). 

However, even a hierarchical framework still suggests that the measured behavior could be 

goal-directed or habitual in its entirety, leaving us once again in this unsatisfactory position. 

Here we suggest that restricting interpretations to the actual experimental manipulations 

performed may provide more space to identify aspects of differing decision-making 

processes which may coexist.

As goal-directed control is a widely-used descriptor in neuroscience research, it is important 

to first briefly review what the accepted instrumental definitions of goal-directed and 

habitual decision-making processes encompass. The initial definition of goal-directed 

control stipulated that an action should be sensitive to both outcome value and contingency 

(e.g. Dickinson and Balleine, 1994). When under goal-directed control, there is an explicit 

use of the goal (or outcome) representation, and the relationship (or contingency) between 

the action and its outcome. In contrast, habitual actions are made with less dependence on 

the value of the outcome, and are relatively insensitive to the contingency between the action 

and the outcome. This highlights an unsatisfying aspect of habitual control; it is commonly 

defined as a loss of goal-directed control. However, these definitions have been explicitly 

operationalized via tests which manipulate either outcome value through outcome 

devaluation tests (Adams and Dickinson, 1981) or the action-outcome contingency 

(Dickinson et al., 1998) through contingency degradation, omission, and extinction testing. 

This does provide the advantage of being experimentally defined behaviors one can probe.

The majority of current studies investigate either outcome value or action-outcome 

contingency. This is potentially problematic. While goal-directed definitions arose through 

experimental psychological analysis of behavior, where sensitivity to outcome devaluation 

and contingency degradation could both be easily observed, the responsible neural 

mechanisms could plausibly differ. Indeed, there is a dissociation between the neural 

mechanisms of these two processes described in the literature. For instance, one of the 

earliest studies investigating the neural substrates of goal-directed and habitual decision-
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making found that insular cortex lesions impaired sensitivity only to outcome devaluation 

and not contingency degradation (Balleine and Dickinson, 1998b). Had only one of these 

tests been conducted, insular cortex might either have been deemed necessary or 

unimportant for goal-directed actions. Even within these two tests, multiple processes 

contribute, and disruption of any of these processes could alter the measurement of goal-

directed control. For example, the associative structure of outcome devaluation can be 

influenced by sensory, motivational, memory, retrieval, performance, and contingency 

processes. Modern neuroscience has demonstrated distributed neural circuits with cellular 

and projection specificity contributing to these behavioral concepts (e.g., Parkes and 

Balleine, 2013). Knowing what behavior specifically is disrupted, or how a neural circuit 

contributes would be enormously informative in teasing out specific disruptions in decision-

making.

Below we use examples of separable behavioral and neural mechanisms for outcome 

devaluation and contingency degradation/reversal to highlight how each of these systems 

could contribute to decision-control phenotypes. However, we want to emphasize that within 

these two tests, there are still multiple processes contributing, and observed behaviors could 

and should be understood at a more reduced level. Overall our suggestion, which is not 

novel, is that specific measurable behaviors in the same animal, occurring at the same or 

similar time, may show aspects of what has been behaviorally termed goal-directed and 
habitual control processes.

Outcome Devaluation and Contingency Degradation Testing

Testing for goal-directed or habitual control is often done using outcome devaluation and 

contingency degradation testing. However, there is more than one way to conduct these tests. 

For example, outcome devaluation can be used to probe goal-directed control using either 

sensory-specific satiety (Adams and Dickinson, 1981), or via pairing the outcome with an 

aversive state such as lithium chloride injection (Adams, 1982). Though both manipulations 

reduce outcome value, they rely on different experimental procedures to achieve this effect. 

Sensory-specific satiety is achieved through pre-feeding with the outcome previously earned 

by lever pressing and is usually referred to as a Devalued State. Actions performed in the 

Devalued State are then compared to actions performed by the same subject in what is 

termed a Valued State, where the subject has been sated on an outcome not associated with 

lever pressing. The Valued State is used to control for the effects of general satiation, thereby 

allowing for the assessment of if and how outcome value controls decision-making. Goal-

directed control by definition should produce reduced responding in the Devalued compared 

to Valued State. Sensory-specific satiety requires that an animal be sensitive to its hunger or 

motivational state for a particular outcome, and retrieve and use this reduction in hunger to 

update the value of the action aimed at procuring that particular outcome. If my goal-

directed self just ate a lot of cookies, I would no longer work for cookies, but I would still 

drink some milk. However, if I habitually ate cookies, I would still work for more cookies.

In contrast, to achieve outcome devaluation via aversive pairing, immediately following 

exposure to the outcome previously earned by the action, an aversive state is induced 

generally via a lithium chloride injection (Adams, 1982). Often this outcome-aversive 
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pairing is repeated until the subject learns the new association between outcome and aversive 

state. Unlike sensory-specific satiety which usually relies on a within-subject comparison, 

aversive pairings are generally between groups. Actions performed by the Devalued Group 

are compared to actions performed by a Control Group that experienced the same aversive 

state, only not explicitly paired with the outcome. To achieve outcome devaluation with 

aversive pairings, the subject first has to learn a new association between the outcome and 

the aversive state. This new aversive association then needs to be retrieved and used to 

decide whether to direct action towards gaining access to the outcome, or not. After I’ve 

been conditioned to associate cookies with intense gastric distress, my goal-directed self will 

no longer work for cookies, even if I’m hungry. But if I habitually consume cookies, I will 

still work to obtain more.

Not only are the experimental procedures used to achieve outcome devaluation different, but 

the behavioral mechanisms are also different. Though both manipulations reduce outcome 

value, the motivational (hunger) and associative types of devaluation may rely on distinct 

mechanisms. This should be kept in mind when they are used to test dysfunction in 

psychiatric disorders such as addiction where drug-seeking actions are often framed as 

compulsive or insensitive to negative or aversive consequences.

Testing the action-outcome contingency can be done using multiple experimental procedures 

as well. Contingency degradation, omission, and reversal testing have all historically been 

used to examine whether subjects can adapt their behavior when there is a contingency 

change. In contingency degradation (e.g. Balleine and Dickinson, 1998a), non-contingent 

reward is given in addition to contingent reward (cookies come for free). This erodes the 

relationship between the action and its outcome. A more extreme variant of this is in 

extinction testing (work does not produce cookies) or the reversal/omission procedure, 

where an action performed actually delays the outcome (Dickinson et al., 1998) (I need to 

not work in order for cookies to be delivered). Sensitivity to contingency alteration requires 

that an animal first recognize a change has occurred and then implement an appropriate 

change in its behavior. However, the above-mentioned tests do this in different ways. 

Unexpected outcome deliveries following degradation/reversal may be used to update the 

animal’s model of the environment (Sutton and Barto, 1998), while extinction learning 

involves novel learning that the lever press no longer produces the outcome (e.g. Bouton, 

2002). Any combination of several factors could contribute to sensitivity to contingency, 

including a loss of flexibility, an inability to remember one’s own actions, an inability to 

represent the contiguity between actions and outcomes, or a limited representation of the 

environment (e.g. Dutech et al., 2011).

Importantly, although sensitivity to contingency degradation/omission relies on knowledge 

of the action-outcome contingency (and the ability to update this contingency), it does not 

seem to be sensitive to the value of the outcome. Devaluation was found to have no effect on 

sensitivity to an omission test (Dickinson et al., 1998). This highlights the independence of 

these two tests for goal-directed control. Specifically, that contingency sensitivity is directly 

affected by the action-outcome association without respect to how valued that outcome is.

Schreiner et al. Page 4

J Neurosci Res. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In addition to these different testing parameters, different training parameters also influence 

sensitivity to outcome devaluation and contingency alteration. Interestingly, the duration of 

training can affect the ability to observe goal-directed control, with observed biases towards 

habitual control given extended training (Adams, 1982). Thus, when you probe behavior 

may dictate the degree of goal-directed control observed. In addition, the type of schedule 

used can bias towards a particular control type. Random or variable ratio schedules are often 

used to bias sensitivity to outcome devaluation and contingency alteration (Dickinson et al., 

1983), perhaps due to the underlying relationship between response rate and reward rate 

(Dickinson, 1985). On the other hand, variable or random interval schedules are often used 

to bias insensitivity to outcome devaluation and contingency alteration (Dickinson et al., 

1983), with the relative degree of temporal uncertainty affecting sensitivity to both outcome 

devaluation and to contingency reversal or omission testing (De Russo et al., 2010). 

Importantly, the introduction of choice in the form of multiple response-outcome 

associations appears to bias away from habitual control (e.g., Colwill and Rescorla, 1985). 

Thus, two-lever, two-outcome procedures seem to decrease the ability to evaluate habitual 

processes. Further, recent work suggests that in some scenarios the training of lever press 

sequences may leave actions sensitive to outcome devaluation, even after extended 

experience (Garr and Delamater, 2019). In short, how something is learned can affect what is 

learned, and therefore, different types of training can engage different neural and behavioral 

processes.

Sensitivity to the action-outcome contingency and to outcome value can involve many 

separable behavioral processes. It is therefore likely that the neural mechanisms and circuits 

responsible for these behaviors may differ. It is outside the scope of this review to cover all 

the involved neural mechanisms of goal-directed and habitual decision-making. Instead, 

below we use a cortical area as a case study to highlight the complexity in examining neural 

mechanisms for contingency and value sensitivity.

Complex Behavioral Mechanisms Underlying Outcome Devaluation and 

Contingency Degradation: A Prelimbic Case Study

Prelimbic cortex (PLC) is canonically necessary for goal-directed action. However, the 

literature on what precisely PLC contributes to goal-directed decision-making is surprisingly 

complex, and serves as a useful case study of and argument for the interrogation of specific 

behavioral processes. Pre-training lesions of PLC impair sensitivity to outcome devaluation 

as seen in extinction testing (Balleine and Dickinson, 1998b; Corbit and Balleine, 2003; 

Killcross and Coutureau, 2003). This finding would support classification of PLC as 

supporting goal-directed control. However, if the devalued lever presses produced the 

outcome during a rewarded test, then PLC lesioned rats showed appropriate devaluation 

(Corbit and Balleine, 2003), suggesting action-outcome encoding was actually intact and 

could be used as long as the outcome was present. Also unclear is how pre-training PLC 

lesions affect contingency degradation. Initial studies found that contingency degradation 

reduced responding for both the degraded and non-degraded action, interpreted as 

insensitivity to contingency degradation (Balleine and Dickinson, 1998b). However, in 

contrast Corbit and Balleine (2003) find that PLC lesions selectively increased responding of 
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the degraded action during contingency degradation. When the same PLC lesioned animals 

that had undergone contingency degradation were then tested under extinction conditions, 

they show similar reductions in both non-degraded and degraded actions supporting the 

previous finding of an insensitivity to contingency degradation. After additional experiments 

the authors suggest that action outcome encoding is intact in PLC lesioned rats, but that 

lesions result in a working memory deficit. Further complicating the story, lesions of medial 

frontal Prefrontal Cortex (mPFC) that included PLC were found to impair sensitivity to 

contingency degradation, but not to contingency reversal/omission, and these animals were 

still sensitive to action-outcome contiguity (Coutureau et al., 2012). Though it should be 

noted that these lesions extended into infralimbic cortex, a region canonically involved in 

habit learning (e.g. Coutureau and Killcross, 2003). Thus, the authors proposed PLC may be 

required when actions become unrelated (but not inversely related) to their outcome, distinct 

from a working memory hypothesis. In combination with a modeling paper (Dutech et al., 

2011), Coutureau and colleagues (2012) propose that PLC/mPFC may help encode the 

precise temporal relationships between actions and outcomes in order to assign causal status. 

This might, in part, be subserved via prediction errors mediated by dopaminergic projections 

into PLC.

Additional evidence for PLC’s complex contribution to goal-directed control comes from 

more targeted manipulations. Lesions of dopaminergic terminals in PLC impairs sensitivity 

only to contingency degradation but not to outcome devaluation (Naneix et al., 2009). This 

same group found that adolescent rats were sensitive to outcome devaluation, but insensitive 

to contingency degradation, an effect that they attribute to maturation of the mPFC 

dopaminergic system (Naneix et al., 2012). However, in another study, PLC dopamine 

lesions impair sensitivity to both outcome devaluation and contingency degradation (Lex and 

Hauber, 2010). Importantly, this discrepancy could arise from differences in experimental 

procedures; whereas Naneix and colleagues (2009) used aversive pairing, Lex and Hauber 

(2010) utilized outcome specific satiety. Thus, here an apparent dissociation in the literature 

may in fact be due to the use of different methodologies for devaluation and the different 

behavioral mechanisms they recruit. Recognizing this discrepancy can provide useful insight 

about the role of involved neural circuits; this pattern of results indicates that prelimbic 

dopamine may not contribute to the use of aversive information to update value, while it 

may participate in updating action values in response to changes in internal motivation. It is 

also important to note that different behavioral and neural mechanisms may operate during 

acquisition of a goal-directed or habitual action vs. the expression of those actions. As an 

example, PLC is necessary for the acquisition but not the expression of goal-directed action, 

as assessed via outcome devaluation (Ostlund and Balleine, 2005; Tran-Tu-Yen et al., 2009). 

Finally, timing and methodology of inactivation are also important tools that can help 

resolve discrepancies in the literature. Inactivation can be used to separate effects on 

acquisition versus expression, since compensatory mechanisms and diaschisis can occur 

with lesions (e.g., Otchy et al., 2015). Furthermore, timing of inactivation may also be used 

to reveal a role in encoding vs. retrieval of association (e.g., Parkes and Balleine, 2013).
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Other Selective Neural Mechanisms

Aside from PLC, several other neural circuits are selectively involved in either outcome 

value or contingency sensitivity. Dorsal hippocampus, entorhinal cortex, entorhinal 

projections to dorsal striatum, parafascicular thalamus, parafascicular projections to dorsal 

medial striatum, and mediodorsal thalamic projections to dmPFC have been implicated as 

necessary for sensitivity to action-outcome contingency, but not for sensitivity to outcome 

devaluation (Corbit and Balleine, 2000; Corbit et al. 2002; Lex and Hauber, 2010; Bradfield 

et al., 2013a; 2013b; Alcaraz et al., 2018). In contrast, lesions of insular cortex impair or 

disrupt sensitivity only to outcome devaluation (Balleine and Dickinson, 1998b; 2000). 

There is growing evidence of dissociations between neural mechanisms supporting 

sensitivity to outcome devaluation and contingency degradation, as well as differing 

contributing mechanisms within each test depending on the behavioral mechanisms recruited 

by the specific experimental procedures. Often, discrepancies found in experimental 

procedures can provide both limitations and interpretations on what contribution a neural 

circuit is making. With this in mind, it is important to note that there do seem to be shared 

neural mechanisms supporting outcome devaluation and contingency degradation 

independent of which experimental procedure is used.

Parallel Systems

The dorsal striatum, the main input nuclei of the basal ganglia contains two regions that 

show fairly consistent contributions to decision-making control over actions (for a recent 

review see Peak et al., 2019). In primates, these regions are largely anatomically distinct, 

with a caudate and a separable putamen. In rodents, where much functional work has been 

performed, these correspond to the dorsal medial striatum (DMS), and dorsal lateral striatum 

(DLS) respectively. Using the experimentally defined definitions of instrumental control, the 

first studies in rats showed that lesioning or inactivating the DMS resulted in a loss of goal-

directed control, while habitual responding remains intact (Yin et al., 2005). Conversely, 

lesions or inactivation of the DLS disrupted habitual actions and reverted actions to goal-

directed control (Yin et al., 2004; 2006). This has now been replicated numerous times in 

rats and mice (e.g. Corbit and Janak, 2010; Hilario et al., 2012; Gremel and Costa, 2013). 

These observations following sensory-specific satiation as well as aversive pairing for 

outcome devaluation, and contingency degradation, as well as omission testing, suggest 

there may be eventual converging neural mechanisms contributing to goal-directed and 

habitual control. Of course, the topographical distribution of cortical and thalamic 

projections into dorsal striatum also suggests there may be more localized pockets of 

selective computations performed on converging inputs (Klaus et al., 2019), and increasing 

circuit, projection, and cell-type specificity has been useful in identifying particular circuits 

of decision-making control (Gremel et al., 2016; Renteria et al., 2018).

However, an important point to make is that goal-directed and habitual action control are 

two fundamental strategies, either of which can control learning and performance of 

decision-making. Behavior may be biased more towards goal-directed control in some 

situations, while in other cases habitual control may come to dominate. Decision-making 

control develops in parallel with goal-directed and habit circuits concurrently active during 
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instrumental learning, contributing to the continuum of goal-directed and habitual actions 

often observed (Thorn et al., 2010; Gremel and Costa, 2013). Though it is often proposed 

that decision-making progresses from initial goal-directed to eventual habitual control (e.g. 

Adams, 1982), the DMS is not necessary for the acquisition of instrumental actions, with 

DLS able to support new action learning (Yin et al., 2005; Hilario et al., 2012; Gremel and 

Costa, 2013). Hence, evidence to date suggests that action-outcome representations do not 

need to be transferred from DMS to DLS for the DLS to support habitual control over 

decision-making. In spirit with the above arguments, this means that impairments in some 

aspects of goal-directed processes, whether it be sensory-specific satiety or aversive pairings 

for example, will not prevent other systems from being able to acquire habitual control over 

decision-making.

Furthermore, it should be noted that the current all-or-nothing treatment often makes it quite 

difficult to assess if, when, and how control over decision-making may shift from 

predominately goal-directed to predominately habitual. Methodology often classifies 

behavior as goal-directed until it suddenly transitions to be habitual. Recent works have 

taken a stab at this by examining the shift between goal-directed and habitual control in the 

same animal (Gremel and Costa, 2013; Gremel et al., 2016; Renteria et al., 2018). By 

training the same mouse on both random ratio and random interval schedules delineated by 

contextual cues, and then assessing the degree of goal-directedness expressed in each 

context, gradients of goal-directed control have been observed. Furthermore, this approach 

removes the reliance on group statistics and allows for a within animal assessment as to the 

degree of goal-directed control.

Highlighting the behavioral and neural circuit divergence or similarity seen in different 

experimental procedures for decision-making is particularly important, as these procedures 

and definitions are being applied in the study of disease. These fundamental processes 

contribute immensely to the support of ongoing behaviors, and their disruption could 

produce an impaired decision-making phenotype (Balleine and O’Doherty, 2009). As 

different experimental procedures may recruit different as well as overlapping behavioral 

and neural processes, there are potentially many opportunities for these disease phenotypes 

to manifest as alterations to both goal-directed and habitual control.

Addiction

Disrupted decision-making has been associated with numerous psychiatric diseases, 

including addiction (Gillan et al., 2016). Greater precision in discussing goal-directed and 

habitual actions would be tremendously beneficial to help understand how underlying 

behavioral and neural mechanisms may have gone awry.

One prominent theory is that drug addiction progresses from initial goal-directed use to 

habitual, and finally compulsive use (Everitt and Robbins, 2005; 2016). Indeed, several 

studies have shown that chronic passive exposure to drugs or alcohol can lead to a shift from 

goal-directed to habitual control when examining subsequent instrumental learning in 

withdrawal (e.g. Nelson, 2006; Nordquist et al., 2007; LeBlanc et al., 2013; Corbit et al., 

2014; Renteria et al., 2018). Similarly, self-administration of cocaine, nicotine, or alcohol 
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can produce habitual control (Zapata et al., 2010; Corbit et al., 2012; Clemens et al., 2014), 

but not always (e.g. Samson et al., 2004; Halbout et al., 2016). However, a contrasting 

hypothesis is that addicts may seek drug in a very goal-directed manner, and that drug 

consumption rather than drug seeking might become habitual (Robinson and Berridge, 2008; 

Singer et al., 2018). Some of this discrepancy might be explained by interchangeably 

utilizing either of the operational criteria for habits. For instance, a drug dependent 

individual could be exquisitely sensitive to the instrumental contingency, and shift their 

actions in a very goal-directed manner to obtain their drug of choice, yet relatively less 

sensitive to the value of the outcome (or, less sensitive to the negative consequences 

associated with drug use). In support of this, prior experimenter-delivered cocaine has been 

found to either reduce (Corbit et al., 2014) or have no effect (Halbout et al., 2016) on 

sensitivity to outcome devaluation of food reward, but actually increased sensitivity to 

contingency degradation (Halbout et al. 2016). Prior self-administered cocaine also 

increased action-outcome encoding in DLS (Burton et al., 2017), and led to animals that 

were sensitive to devaluation via aversive pairing when a cocaine discriminative stimulus 

was present, but insensitive when it was absent (Root et al., 2009). Thus in some cases, prior 

cocaine seems to make animals both more goal-directed (sensitive to contingency) and more 

habitual (insensitive to value). Similarly, a recent animal study trained rats to solve different 

puzzles daily for access to cocaine, and found that these animals were quite sensitive to the 

changing contingencies, but displayed typical hallmarks of addiction including escalation 

and (in a subset of animals) resistance to shock-induced reductions in cocaine seeking 

(Singer et al., 2018). Interestingly, a recent study found cocaine-induced facilitation of 

inflexible, habitual responding specifically for choice of a non-drug reward, highlighting the 

complex effect habitual facilitation may have (Vandaele et al., 2019). Drug-induced 

facilitation of habitual responding is not always observed (Halbout et al, 2016; Singer et al., 

2018), and it is important to note that certain forms of instrumental training may prevent the 

emergence of habitual control. Training schedules that involve multiple instrumental actions 

and outcomes have been shown to remain goal-directed despite extended training (Colwill 

and Rescorla, 1985), and this could potentially explain the persistent goal-directed control 

observed in Halbout et al.’s study (2016). This suggests that the neural circuits that mediate 

habits are not engaged in the same manner and/or these tasks demand such high executive 

control as to heavily shift the balance in favor of goal-directed responding.

With more investigation into how these decision-making circuits change in relation to drug 

dependence and use, greater light will be shed on both the behavioral and neural 

mechanisms altered. An insensitivity to negative consequences observed in addiction has 

often been framed as a strengthening or biased used of habitual systems. However, given the 

parallel nature of action control, disrupted decision-making could arise from strengthening 

of habit systems and/or disruptions to goal-directed systems. Indeed, recent works have 

suggested that addiction as well as other psychiatric disorders does involve disruption to 

goal-directed systems (e.g. Ersche et al., 2016; Gillan et al., 2016), while other works have 

identified a strengthening of habit systems (Sjoerds et al., 2013; Delorme et al., 2016). 

Further consideration of the behavioral systems recruited by differing experimental 

procedures opens the door even wider to behavioral and neural systems that may be 

disrupted in decision-making and actions.
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Discussion

Here we reviewed how using different procedures that recruit different behavioral and neural 

mechanisms to probe goal-directed and habitual control may result in an incomplete picture 

of involved processes. It is still unclear how goal-directed and habitual decision-making 

affect decision-making apart from the confirmatory tests for outcome value and contingency 

control. The focus on these confirmatory tests and the corresponding negative definition of 

habits (insensitivity to value and contingency) may contribute to the common current all-or-

nothing treatment of goal-directed and habitual decision-making. While perturbations to 

aspects of goal-directed decision-making can be measured, habitual control is often defined 

as the null hypothesis that outcome devaluation and contingency manipulation are without 

effect (see recent reviews: Vandaele and Janak, 2017; Watson & de Wit, 2018). 

Neuroscience investigations into mechanisms supporting habitual control in related circuits 

can shed light on how diseases like addiction may affect these circuits, but do not appear to 

get us closer to understanding what habits are. Until specific behavioral features of habit are 

identified and can be probed across species, it seems we are left with this dilemma.

Focusing on the specific behavioral processes will allow for some fractionation of goal-

directed and habitual decision-making. For instance, a behavior that is sensitive to outcome 

devaluation yet insensitive to contingency alterations is both positively and negatively 

defined. Further pinpointing why that behavior is insensitive to contingency alterations (e.g., 

an inability to encode the temporal relationship between actions and their outcomes) can 

provide specific characteristics of behavior, and allow for investigation into how this is 

instantiated in the brain. Furthermore, brain regions involved in decision-making and action 

control are composed of heterogeneous cell types, projections, and inputs. Behaviors are 

often attributed to entire brain regions; however, the dynamics of activity within a region can 

be critical. While single unit and imaging data show that only subsets of cells show 

coordinated classically responsive activity, non-classically responsive neurons have also 

been shown to contribute to behavioral relevance (Insanally et al., 2019). In defining the 

neural circuits that mediate goal-directed and habitual responding we must take into 

consideration the need for greater specificity at both the systems and cellular level. Focusing 

on the behavioral and neural mechanisms at play in goal-directed and habitual decision-

making may also open the door to investigating how these processes interact with (or 

overlap with) fundamental decision variables that mediate action selection and performance 

(Klaus et al., 2019). A greater understanding of how projection/cell-type specific 

mechanisms interact with local microcircuitry in shaping neural ensemble activity could 

resolve discrepancies between the behavioral and neural mechanisms underlying goal-

directed and habitual decision-making.

Goal-directed and habitual decision-making have been and continue to be fruitful 

frameworks to investigate decision-making mechanisms and how they might be disrupted in 

psychiatric disorders. We have argued that a greater focus on the specific behavioral 

processes at play may help to resolve and reveal discrepancies, both at the level of 

mechanistic questions (e.g., what does neural circuit X contribute to decision-making?) and 

especially at the theoretical level (e.g. how do habits contribute to addiction?). We do want 

to emphasize that even if the concepts of goal-directed and habitual decision-making are 
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unsatisfying on some levels, they still hold merit. Indeed, there is a great deal of overlap 

between the operational definitions of goal-directed behavior, with determinants such as 

training duration, training schedule, various neural manipulations, and various drug exposure 

regimens biasing sensitivity or insensitivity to both outcome value and action-outcome 

contingency. However, treating decision-making as an all-or-nothing, winner-takes-all 

process can hinder progress. This might be especially true in theoretical attempts to 

understand psychiatric disorders such as addiction, where specific aspects of goal-directed 

decision-making may be selectively disrupted.
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Significance Statement

Goal-directed and habitual decision-making are widely studied and applied to a variety of 

psychiatric disorders. This wide application has led to an expanding or often all-or-

nothing definition that may at times obscure the actual involved behavioral and neural 

processes. This all-or-nothing definition holds particular relevance for disorders such as 

addiction where a growing literature has provided evidence for both habitual and goal-

directed control. Some of this discrepancy may have arisen through treating decision-

making as either goal-directed or habitual, without respect to the specific behavioral 

processes at play.

Schreiner et al. Page 15

J Neurosci Res. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Outcome Devaluation and Contingency Degradation Testing
	Complex Behavioral Mechanisms Underlying Outcome Devaluation and Contingency Degradation: A Prelimbic Case Study
	Other Selective Neural Mechanisms
	Parallel Systems
	Addiction
	Discussion
	References

