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In the face of competing desires, humans often strive to be fair,

honest, and considerate of others. Research from social

neuroscience implicates the lateral prefrontal cortex (LPFC) in

our capacity to pursue such goals, yet its precise

computational role is less clear. Here, we draw on insights from

the neuroscience of hierarchical control and value-based

choice to offer an integrative look at how LPFC supports the

pursuit of moral goals. We conclude by highlighting how future

work may leverage these insights to deepen our understanding

of the dynamic neural code of morality.
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Humans routinely forgo immediate desires in order to be

fair, honest, and respectful. Such acts highlight our species’

capacity both to value moral norms—prescriptive and pro-

scriptive rules surrounding ethical conduct [1]—and to

actively pursue goal-directed actions to uphold these norms.

Theories and evidence from social neuroscience suggest that

our ability to pursue goals of this nature—or moral goals1—is

often guided by the lateral prefrontal cortex (LPFC) [2��,3–
6]. Though despite its central place in models of how the

brain coordinates moral behavior, the rich computational

architecture of this structure is often overlooked.

In this brief review, we highlight recent insights that

illuminate how LPFC’s architecture both represents moral

goals (via hierarchical control processes) and guides moral
1 Here, a goal denotes a structured, internal representation of a desired

state. A moral goal is one directed towards a desired state that aligns with

a moral norm (e.g., a fair distribution of a resource). Individuals typically

value such states intrinsically—as an end in itself—but may also value

these states instrumentally—as a means to other goals (e.g., avoiding

punishment or guilt).
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actions (via value-based processes). Together, these

insights offer a richer, goal-based view of how LPFC

guides moral behavior.

The computational architecture of LPFC
LPFC is implicated in a wide range of functions in human

cognition [7], though perhaps its most central function is

to actively represent our goals and strategies for pursuing

them [8–10]. LPFC broadly comprises rostrolateral

(RLPFC), ventrolateral (VLPFC), and dorsolateral

(DLPFC) subregions (See Figure 1)—each of which play

complementary roles in representing and maintaining

goal pursuit [11]. Importantly, their roles can be function-

ally distinguished by at least three features of LPFC’s

architecture: (i) hierarchical organization, (ii) connectivity

patterns, and (iii) lateralization.

Hierarchical organization

Social goals are usually structured hierarchically, such that a

high-level goal (e.g., to make a good impression during a job

interview) is composed of more concrete, subgoals (e.g.,

executing a respectable handshake). Crucially, models of

hierarchical control suggest that LPFC is structured to

represent goals in precisely this way. Indeed, robust evi-

dence suggests that LPFC is hierarchically organized along

a roughly rostral-caudal axis [12,13,14��], wherein more

abstract representations pertaining to high-level goals are

encoded more rostrally, and more concrete representations

related to actions (and subgoals) are encoded more cau-

dally. Recent work proposes that mid-DLPFC sits atop this

hierarchy2 [12], wherein more rostral and caudal inputs

converge with contextual representations—thus allowing

competing goals to be flexibly pursued based on their

appropriateness for the situation. In support of this view,

RLPFC is typically sensitive to future-oriented aspects of

goal pursuit, such as planning future actions and monitoring

goal progress [15]. In contrast, more caudal areas of VLPFC

and DLPFC—extending into the premotor cortex— are

often engaged while actively controllingmotor responses to

one’s immediate environment [11].

Connectivity

LPFC’s ability to implement goals depends on reciprocal

interactions with a widely distributed set of brain

regions—including core structures for encoding value

(e.g., ventromedial prefrontal cortex [VMPFC] and
2 That is, whereas RLPFC is positioned at the top of the representa-
tional hierarchy in LPFC, mid-DLPFC is at the top of the control
hierarchy—exerting an asymmetrically greater influence over other

LPFC subregions [14��].
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Figure 1
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Approximate locations of the broadest subdivisions of LPFC [74].

Abbreviations: RLPFC, rostrolateral prefrontal cortex (area 10); VLPFC,

ventrolateral prefrontal cortex (areas 47/45/44); DLPFC, dorsolateral

prefrontal cortex (areas 9/46).
striatum), affect (e.g., anterior insula [AI]), and mental

states (e.g., posterior cingulate cortex [PCC]), as well as

those that initiate goals through conflict detection and goal

selection mechanisms (e.g., anterior cingulate cortex)

[11,16–18].

Lateralization

Additionally, some functions tend to be lateralized to one

hemisphere of LPFC [19]. For instance, the ability to

suppress prepotent responses—or response inhibition—has

been localized to more caudal areas of the right VLPFC

[20]. In addition, disruption of the right (more so than left)

DLPFC impairs people’s ability to pursue goals based on

internal models of their environment [21].

A flexible role for LPFC in moral goal pursuit
A distinct yet complementary line of research in social

neuroscience also implicates LPFC in our propensity to

uphold moral norms. Typically, these experiments use

iterated social dilemmas that pit motives to uphold a

moral norm against motives to maximize one’s financial

reward. Here, we focus on studies of two representative

moral norms: fairness and honesty.

Fairness

Numerous studies find that activation of the right

DLPFC increases as individuals more fairly distribute

resources with a social partner, both when such norms are

made salient by a partner’s expectations [22,23], or the

threat of being punished by them [24]. Interestingly,

deciding under the threat of punishment (compared to
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when no threat exists) also engages RLPFC [24], poten-

tially reflecting a goal-directed increase in planning (and

monitoring) of one’s long-term social strategy.

Studies leveraging non-invasive brain stimulation (NIBS)

offer more direct evidence of LPFC’s role in norm-

guided behavior. Such studies often find that decreasing

the excitability of neurons in the right DLPFC reduces
people’s level of fairness toward a social partner—thus

damaging their reputation and future prospects [25–28].

Crucially, while inhibiting right DLPFC causes individ-

uals to act less fairly, they nonetheless retain explicit

knowledge about how fair their behavior was [25,26]—

supporting the view that such representations are main-

tained more rostrally in LPFC [75].

In contrast, when people are deciding in contexts in

which moral norms are less salient and well-defined (i.

e., splitting money without the risk of future interaction,

feedback, or sanctions from a partner), the relationship

between LPFC and moral behavior sometimes reverses.

In such cases, DLPFC activation has been associated

with more selfish strategies [26,29,30]. These studies

highlight flexibility in the types of goals LPFC imple-

ments, and how the activation and intensity of moral versus

selfish goals can shift across contexts.

Honesty

LPFC engagement is also associated with choosing to

behave honestly when individuals are tempted by dis-

honesty. For instance, in tasks where dishonest responses

can yield financial gains, those prone to dishonesty show

increased DLPFC and VLPFC activation when behaving

honestly [31], and increasing the excitability of right

DLPFC via NIBS among such groups increases their

tendency to respond honestly [32]. In addition, DLPFC

lesion patients appear to be unaffected by honesty norms

when making choices [33].

Other work further suggests that the role of LPFC in

upholding moral norms depends on the relative intensity

of conflicting moral and monetary desires. For instance,

higher sensitivity to financial rewards—indexed by ven-

tral striatal activity—predicts the rate to which individu-

als violate honesty norms in order to gain money [34], and

also predicts DLPFC engagement when such individuals

forgo money to behave honestly. Other findings highlight

similar interactions between LPFC and other value-sen-

sitive regions. For instance, increased engagement of

VMPFC, as well as increased connectivity between

VMPFC and DLPFC, both predict dishonest behav-

ior—independent of whether dishonesty benefitted the

self or someone else [35]. Such work converges with other

recent studies on honesty [36], and prosociality more

broadly [37,38], which highlight key individual and con-

textual differences in how VMPFC-DLPFC coupling

relates to moral, versus selfish, behavior.
www.sciencedirect.com
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Overall, these findings highlight a reliable, yet flexible, role

for LPFC in guiding moral behavior. Although LPFC

function is frequently linked with moral behavior, LPFC

may ultimately serve to promote either selfish or moral

goals across different contexts. Such flexibility is consis-

tent with how this structure is viewed from the lens of

hierarchical control [14��]. It also reflects another feature

of goal pursuit we have alluded to: pursuing goals often

involves dynamically updating the value of different

actions and outcomes within one’s social environment.

LPFC aligns value representations with active
goals
Early work often inferred that DLPFC activity observed

during moral behavior reflected this structure inhibiting-
prepotent selfish responses [4]. However, such proposals

have encountered a number of challenges [2��]. For

instance, recent work supports the view that more con-

crete strategies such as response inhibition are not imple-

mented by DLPFC, but instead by more ‘low-level’

caudal areas in the right VLPFC [20,39]. Moreover,

growing research on value-based choice has now mapped

a broader and more flexible set of functions across

LPFC’s hierarchical architecture that could support moral

goals [2,11,40��,41,42]. Most notably, a recent proposal

[2��] instead suggests that DLPFC activity observed

during moral behavior may reflect this structure updating
the value associated with desirable actions that are con-

textually incompatible with a moral goal.

Growing evidence supports and extends this proposal,

suggesting that structures across LPFC can regulate goal

pursuit via dynamic interactions with other value-sensi-

tive regions [11,18,43–45]. For instance, through func-

tional loops with VMPFC, LPFC can flexibly integrate

the value of goal-relevant features—such as abstract rules

[11] and future states [46,47]—to guide choice. Moreover,

LPFC directly regulates basic action value representa-

tions via projections to the striatum—a key region

involved in action selection [48–50]. These findings

imply that LPFC could dampen the desirability of an

immediately gratifying action (e.g., eating your room-

mate’s mint chip ice cream) in the service of a long-term

goal (e.g., maintaining a healthy relationship with your

roommate).

A recent study directly tested the idea that LPFC inte-

grates moral norms into action values to guide choice

[51��]. This study focused on the moral norm against

physically harming others. Specifically, individuals made

choices involving a conflict between gaining money for

themselves and inflicting pain on either themselves or a

partner. Most individuals’ choices indicated sensitivity to

norms against harming others, as they required more

money to inflict pain on others than themselves

[52,53]. Moreover, these preferences tracked with neural

responses to monetary gains, such that those with stronger
www.sciencedirect.com 
moral preferences showed decreased responses in a net-

work of value-sensitive regions (including the dorsal

striatum [DS], AI, PCC, and VMPFC) to money gained

by harming others compared to oneself. In other words,

ill-gotten gains activated the brain’s value circuitry less

strongly than money earned decently. Crucially, a cluster

of LPFC activity—bordering the left DLPFC and left

VLPFC—tracked with the blameworthiness of harmful

choices, and connectivity between LPFC and DS became

more negative when participants made helpful choices.

LPFC was not, however, more active during helpful

(versus harmful) choices, nor when helpful choices were

more difficult. Activity patterns in LPFC instead

reflected the encoding of moral goals, which in turn

regulated action values represented in the striatum. Over-

all, these findings align with value-based models, wherein

LPFC can flexibly guide behavior by updating the value

of otherwise desirable actions that conflict with active

goals.

More broadly, echoing other recent work [54–58], these

data highlight how the mechanisms that guide moral

behavior depend on interactions between individuals
(e.g., the relative value they ascribe to moral norms versus

competing rewards) and contexts (e.g., to what extent

moral norms are salient, well-defined, or instrumental

to other social and emotional goals). As such, the role

of LPFC in moral goal pursuit is best viewed as reliable,

but flexible. Its architecture is well-equipped to resolve

the computational problem of aligning one’s actions with

moral norms in novel, distracting, and complex social

settings—but individuals must first be motivated as such.

When immediate desires do conflict with active moral

goals, growing interdisciplinary evidence supports the

view that LPFC acts as a sophisticated and flexible

guide—situating the value of potential actions within a

moral context.

Future directions
The work reviewed above primarily examined instances

of norm compliance; however, LPFC likely also supports

goals to enforce moral norms. Theoretical work supports

the possibility that norm compliance and enforcement

share common psychological mechanisms [59,60]. More-

over, in addition to being engaged when individuals

uphold moral norms, LPFC is similarly engaged when

individuals enforce them. For instance, increased activity

in right DLPFC is observed when people incur a cost to

punish a partner who unfairly allocates money [61,62],

and when observers judge an agent’s culpability for a

criminal act [63]. Moreover, in much the same way

applying NIBS to LPFC alters norm compliance, numer-

ous studies find that disrupting right DLPFC reduces

peoples’ tendency to disapprove of [64], and punish

[61,65��], people who violate fairness norms. Together,

these studies indicate a notable degree of neural overlap
Current Opinion in Psychology 2018, 24:77–82
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between decisions to enforce, and comply with, moral

norms. Indeed, assessing whether LPFC plays a similar

role in pursuing moral goals via compliance and enforce-

ment remains an important direction for future work to

explore.

Additionally, most studies using NIBS have targeted the

DLPFC. However, the coarse spatial resolution of NIBS

[66], as well as the deeply interconnected architecture of

LPFC, may hinder the ability of such techniques to test

how different goal pursuit strategies are represented

across LPFC. Combining NIBS and computational neu-

roscience techniques, as well as modelling the unique

temporal profiles of LPFC’s subregions [67], may prove

fruitful for constraining predictions and inferences in

future work.

Finally, future studies should further explore how people

adjudicate between conflicting moral goals. Such conflicts

can arise between empathy (maximizing the welfare of

one victim) and fairness (maximizing the welfare of the

group) [68], but also efficiency versus equity [69], and

consequentialism versus non-consequentialism [70,71].

LPFC function is often studied within the context of

deciding between a concrete, immediately gratifying, and

typically ‘suboptimal’ action, versus an abstract, delayed,

‘optimal’ action. However, individuals face many other

types of moral dilemmas in social life [72], and can adopt

numerous strategies to overcome them [73]. More closely

examining how the brain resolves such dilemmas will no

doubt yield richer insights into how, and when, LPFC

contributes to human morality.
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