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ABSTRACT
Joshua Greene has famously argued for two distinct pro
cesses of how humans make moral judgments. Despite 
a lively controversy around potential normative implications 
of this view, less attention has been paid to those philoso
phical assumptions that are fundamental to Greene’s dual- 
process theory itself. In this paper, I argue that Greene’s dual- 
process theory hinges on a modular account of cognition and 
the brain, and I critically discuss the plausibility of Greene’s 
view in light of increasing popularity of dynamical systems 
accounts in cognitive science. If we reject modularity and 
adopt a dynamical systems perspective instead, we can still 
hope to find relative differences in the functional specializa
tion of dynamic brain networks within one interconnected 
system, but Greene’s original theory in terms of two asym
metrically independent processes will no longer be tenable. 
This imposes constraints on the kind of explanations that we 
can expect from an empirically informed ethics in that only 
non-exclusive dual-process theories would be compatible 
with a dynamical systems account. Ultimately, however, the 
controversy around the modularity of mind should not be 
misconceived as a purely empirical question, but rather as 
a matter of conflicting epistemic standards as to what qua
lifies as a good explanation in cognitive science.
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1. Introduction

Empirically informed ethics aims at providing a new impetus to long- 
standing and sometimes deadlocked debates in moral philosophy by 
drawing on empirical findings from moral psychology and neuroscience 
(Bublitz & Paulo, 2020). A prime example of such an empirically 
informed approach to normative ethics is Greene’s dual-process theory 
of moral judgment (Greene, 2013, 2014; Greene et al., 2001, 2004). 
According to Greene, characteristically deontological and consequenti
alist moral intuitions, respectively, are products of two different 
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cognitive modules, one referring to the “automatic mode’’ associated 
with fast and emotional responses and the other referring to the 
“manual mode’’ associated with slow and deliberate thinking. Based 
on empirical data in support of the dual-process theory of moral 
judgment, and normative assumptions about when to use the “manual 
mode’’ and when to use the “automatic mode’’, Greene (2014) devel
oped an argument in favor of relying on consequentialist instead of 
deontological moral intuitions when confronted with unfamiliar ethical 
problems.

Despite a lively controversy around Greene’s dual-process theory over the 
last two decades, which mainly revolved around the question whether the 
existence of two separable neuropsychological processes of making moral 
judgments would have any genuine normative implications (Berker, 2009; 
Dale, 2020; Dale & Gawronski, 2022; Dean, 2009; Heir, 2023; Kamm, 2009; 
Knigs, 2018; Kumar & Campbell, 2012; Lott, 2016; Meyers, 2013; Mihailov,  
2015; Paulo, 2019; Sauer, 2012; Singer, 2005), less attention has been paid to 
those philosophical assumptions that are fundamental to Greene’s dual- 
process theory itself. In contrast to a critical reception of Greene’s normative 
claims concerning the reliability of deontological intuitions in the context of 
unfamiliar moral dilemmas, many scholars who participated in the debate 
around Greene’s dual-process moral psychology have rather uncritically 
accepted the empirical data presented by Greene as evidence for the exis
tence of two separate cognitive modules. However, as I will argue in this 
paper, Greene’s dual-process theory of moral judgment hinges on an impli
cit endorsement of the modularity of mind (Fodor, 1983), since Greene is 
making a claim not only about two different types of moral judgments on 
a behavioral level but also about two distinct cognitive modules in the brain 
that are in turn supposed to give rise to these different behaviors.1

On the classical modular view, the human brain consists of independent, 
anatomically and functionally clearly dissociable modules, each of which is 
presumed to enable different aspects of human cognition (Barrett & 
Kurzban, 2006; Fodor, 1983; Sternberg, 2011). Dynamical systems 
approaches in cognitive science and neuroscience, in contrast, reject 
a strictly modular view and advocate in favor of conceiving the brain as 
a nonlinear dynamical system instead, which is subject to constant plasticity 
and in which functionally specialized brain networks emerge and change 
over time (Chemero, 2009, 2023; Favela, 2020, 2021, 2024; Izhikevich, 2007; 
Kelso, 1995; Nguyen et al., 2024; Noble et al., 2024; Pessoa, 2014, 2022; 
Smith & Thelen, 1994, Thompson & Varela, 2001; van Gelder, 1998; Van 
Orden & Kloos, 2003; Van Orden et al., 2001, 2003). Thus, a dynamicist 
account of cognition seems to be incompatible with the basic assumption of 
Greene’s dual-process theory – irrespective of the controversies around 
potential normative implications – according to which there are two distinct 
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brain modules that arguably give rise to either deontological or consequen
tialist moral intuitions.

By raising awareness to an important debate in philosophy of 
cognitive science that has been largely neglected in the reception of 
Greene’s dual-process theory, I aim to stimulate a new direction of 
discussion in empirical ethics that takes into account those theoretical 
developments in cognitive science that have gained momentum since 
the publication of the initial study by Greene et al. (2001), first and 
foremost applications of dynamical systems theory in cognitive science 
and neuroscience. The argument developed in this paper is condi
tional in nature in that I focus on the implications for Greene’s dual- 
process theory and future research in empirical ethics if we were to 
reject the modularity of mind and adopt a dynamical systems per
spective on cognition and the brain instead, but I do not aim to 
resolve the debate between proponents of modularity and dynamical 
systems thinking at this point.

Starting in section 2, I will provide a brief summary of Greene’s 
dual-process theory and the subsequent discussion around potential 
normative implications. In section 3, I will then turn to the modu
larity of mind and a critical examination of this implicit premise in 
Greene’s argument. In light of growing interest in adopting 
a dynamical systems perspective in neuroscience and cognitive 
science, I will portray how a dynamicist conception of cognition and 
the brain differs from the modularity of mind in section 4. Finally, in 
section 5, I will discuss the implications of a potential rejection of 
a modular view of cognition for dual-process theories in empirical 
ethics. Although it follows that a static demarcation in terms of two 
separate cognitive modules will no longer be tenable, I do not intend 
to reject attempts to distinguish different classes of moral judgments 
altogether. Instead, in line with adopting a dynamical systems con
ception, we need to reconsider the types of explanations that we can 
expect from an empirically informed ethics, and we should rather look 
for relative, context-sensitive differences in brain and behavior 
dynamics that may inform similarly more nuanced differences in 
moral judgments.

2. Greene’s dual-process moral psychology

In a series of neuroimaging studies, Greene et al. (2001, 2004) investigated 
whether there are differences in brain activity and reaction times associated 
with different moral judgments in two versions of the well-known trolley 
cases. In the first case, the trolley dilemma, participants were asked to decide 
whether they consider it morally permissible to press a button to change 
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a switch so that a trolley would not kill five people on the current track but 
only one person on the other track instead. Most participants gave an 
affirmative answer. In the second case, the footbridge dilemma, participants 
were asked to decide whether they consider it morally permissible to push 
a person off a bridge onto the track and sacrifice that one person in order to 
save the lives of five people who would have been killed by the train 
otherwise. In contrast to the trolley dilemma, most participants gave 
a negative answer in the footbridge dilemma. How come?

Greene and colleagues hypothesized that differences in moral judgment 
in the trolley dilemma compared to the footbridge dilemma can be 
explained by selective involvement of primarily fast and emotional neurop
sychological processes leading to a negative judgment in the footbridge 
dilemma, in contrast to slower and more deliberate neuropsychological 
processes leading to a positive judgment in the trolley dilemma. To test 
their hypothesis, Greene et al. (2001, 2004) presented a series of personal 
and impersonal moral dilemmas to participants that were constructed 
analogously to either the footbridge or the trolley dilemma, respectively.2 

In line with their hypothesis, they found significantly increased hemody
namic activity in brain areas associated with emotions in personal compared 
to impersonal dilemmas. In contrast, those brain areas associated with 
working memory showed significantly stronger hemodynamic activity in 
impersonal compared to personal moral dilemmas. Moreover, only in 
personal moral dilemmas, reaction times were significantly faster for typical 
negative moral judgments than for untypical positive moral judgments. In 
the case of impersonal moral dilemmas, however, there was no significant 
difference in reaction times between typical positive and untypical negative 
moral judgments.

Based on these empirical findings, Greene (2014) developed the dual- 
process theory of moral judgment, which is inspired by the long-standing 
tradition of dual-process theories in psychology that do not only apply to 
moral judgments (for review of the dual-process literature, see De Neys,  
2021; Evans & Stanovich, 2013). According to Greene’s theory, there is 
a fast, automatic and emotion-driven process that enables efficient judg
ment and decision making on the one hand, and a slower, more flexible 
process on the other hand that enables deliberative thinking. Greene 
illustrates these two processes with the help of a camera analogy: the 
fast, emotional mode corresponds to the default settings of a camera, the 
“automatic mode’’, and thus makes it possible to quickly take decent 
quality pictures in many situations. On the other hand, there is the 
“manual mode’’, which takes more time but leads to better pictures in 
certain situations. According to Greene, these two processes are asym
metrically independent of each other in that the automatic mode works 
without the manual mode, whereas the manual mode does not work 
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without the automatic mode. Since most participants made characteris
tically deontological moral judgments in personal moral dilemmas which 
were correlated with increased activity in brain regions associated with 
emotions, Greene concludes that characteristically deontological moral 
judgments are primarily a product of the automatic mode. 
Characteristically consequentialist moral judgments are in turn primarily 
a product of the manual mode, according to Greene, since the majority 
of subjects in impersonal moral dilemmas made characteristically con
sequentialist moral judgments which correlated with increased activity in 
brain regions associated with working memory.3 This is what Greene 
calls the central tension principle (Greene, 2014, pp. 697–708). 
Importantly, Greene does not only assume a fast (automatic) and 
a slow (manual) process at the behavioral level – a less controversial 
hypothesis in psychology – but he also assumes that these two processes 
are implemented in the form of different cognitive modules at the 
neurophysiological level, and it is precisely the latter claim that is at 
stake in the present paper.

With respect to potential normative implications for moral philosophy, 
Greene (2014) describes two lines of reasoning, the direct and the indirect 
route. The direct route is a classical debunking argument in that it illumi
nates the role of a morally irrelevant factor, in this case personal force, to 
which either characteristically deontological or characteristically conse
quentialist moral judgments seem to be susceptible. However, the direct 
route argument alone does not suffice to justify which class of moral 
judgments – characteristically deontological or consequentialist – seems to 
be biased (Greene, 2014, pp. 711–713). The indirect route argument there
fore involves the additional normative premise that we should rely on the 
manual and not the automatic mode when we find ourselves confronted 
with unfamiliar moral problems. Greene does not consider all automatic 
mode, emotion-driven moral judgments as problematic, but only those 
made in situations for which we lack relevant previous experience that 
could have re-calibrated the automatic mode instead of relying on mislead
ing evolutionary preconfigurations. For Greene, almost all moral questions 
for which there is no intuitive consensus on how to act count as unfamiliar, 
including the much-discussed variations of the trolley cases. Therefore, 
according to Greene, we should reject characteristically deontological intui
tions, since these are a product of the automatic mode, and rely on char
acteristically consequentialist intuitions instead, for the latter are a product 
of the manual mode (Greene, 2014, pp. 713–725).

Greene’s direct and indirect route arguments have triggered a lively 
discussion in the philosophical literature with many contributions either 
sympathetic (Kumar & Campbell, 2012; Paulo, 2019; Singer, 2005) or critical 
(Berker, 2009; Dale, 2020; Dale & Gawronski, 2022; Dean, 2009; Heir, 2023; 
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Kamm, 2009; Knigs, 2018; Lott, 2016; Meyers, 2013; Mihailov, 2015; Sauer,  
2012) of the significance of Greene’s empirical findings for normative ethics. 
Surprisingly, however, there has been a largely uncritical acceptance of 
Greene’s dual-process theory itself among both supporters and critics of 
potential normative implications derived from such a dual-process view, i.e., 
the idea that there are two separate cognitive modules implemented in 
distinct brain areas that give rise to either characteristically deontological 
or consequentialist moral judgments (for exceptions, see Craigie, 2011; 
Crockett, 2013; Cushman, 2013; De Neys, 2023; Kahane, 2012; Kahane & 
Shackel, 2010; Kahane et al., 2012). In the remainder of this paper, I will 
show that the acceptance of Greene’s dual-process theory of moral judg
ment, regardless of its normative (in)significance, presupposes a tacit com
mitment to a modular view of cognition and the brain, which is increasingly 
challenged by dynamical systems accounts of the brain and cognition.

3. The modularity of mind

3.1. Fodor’s conception of modularity

The modularity of mind refers to a view of cognition and the brain that was, 
and still is, widespread in both science and the general public. The basic idea is 
that particular cognitive and behavioral abilities correspond to specific ana
tomically and physiologically distinguishable modules in the brain that func
tion largely independently of each other (Barrett & Kurzban, 2006; Fodor,  
1983; Sternberg, 2011). A common simplified description of the relationship 
between cognition and the brain thus looks like this: Vision takes place in the 
visual cortex, the prefrontal cortex controls decisions, the hippocampus is the 
memory center, emotional experiences result from activity in the amygdala, 
and so on. Jerry Fodor, one of the most prominent figures of the cognitive 
revolution who shaped the paradigm of cognitivism within cognitive science, 
laid the conceptual foundation for such a modular view of cognition and the 
brain in his book The Modularity of Mind (Fodor, 1983). Before reconstruct
ing Fodor’s conception of a cognitive module, however, I will briefly discuss 
the rationale of double dissociation studies which serve as an even earlier basis 
for modular thinking in cognitive science.

Single and double dissociation studies are usually based on clearly 
localizable brain lesions resulting from a stroke or a brain tumor, e.g., 
in the hippocampus, and the observation of a loss or impairment of 
a specific cognitive ability following that brain lesion, e.g., memory. 
A single dissociation refers to an inference regarding the relationship 
between brain area B1 and two different cognitive abilities C1 and C2. If 
a lesion in B1 correlates with an impairment of C1 but C2 is not affected, 
it follows that B1 is necessary for C1 but not for C2. A double 
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dissociation, on the other hand, refers to the relationship between two 
brain regions, B1 and B2, and two different cognitive abilities C1 and C2. 
If a lesion in B1 correlates with an impairment of C1 but not C2, and if 
a lesion in B2 correlates with an impairment of C2 but not C1, it follows 
that B1 is necessary for C1 and that B2 is necessary for C2. Furthermore, it 
is often claimed on the basis of a double dissociation that B1 is not 
relevant for C2 and that B2 is not relevant for C1. Thus, B1 and B2 can be 
dissociated from each other in terms of their respective functional spe
cialization – this is the classical rationale of double dissociations, which is 
closely related to the idea of localizability of individual cognitive abilities 
at the level of different neuronal subsystems (Pessoa, 2022, pp. 50–53; 
Van Orden & Kloos, 2003; Van Orden et al., 2001).

In picking up on the idea of isolable and clearly localizable cognitive 
capacities in the brain, Fodor (1983) introduces the concept of a cognitive 
module. Fodor’s theory is premised on adopting cognitivism, according to 
which cognition refers to brain-bound information processing based on 
neural representations, analogous to how computers process information 
(Fodor, 1983, p. 39). On Fodor’s view, a cognitive module has the following 
properties: “Roughly, modular cognitive systems are domain specific, 
innately specified, hardwired, autonomous, and not assembled’ (Fodor,  
1983, p. 37). Domain specific means that a specific cognitive module per
forms a specific cognitive function (Fodor, 1983, pp. 47–52). Furthermore, 
according to Fodor, cognitive modules are not abstract organizational units 
but hardwired at the neuronal level (innately specified, hardwired). Since 
cognitive modules are not distributed across the brain but correspond to 
circumscribed brain areas (not assembled), this results in a modularization 
at both the functional and neuronal level such that each cognitive module 
corresponds to a circumscribed brain area to which a unique functional 
profile can be assigned (Fodor, 1983, pp. 98–100). The most important 
property of a cognitive module is the attribute informational encapsulation 
(Fodor, 1983, p. 103). This means that all relevant information necessary to 
execute any cognitive capacity is available only to the cognitive module that 
implements this specific cognitive capacity (autonomous). It is precisely this 
encapsulation in terms of information processing that results in the inde
pendence of cognitive modules from each other (Fodor, 1983, pp. 64–68).

To summarize, two important features of cognitive modules are parti
cularly relevant for the discussion of Greene’s dual-process moral psy
chology: First, a modular view of cognition implies an unambiguous 
mapping between cognitive abilities on the one hand and anatomically 
circumscribed brain areas on the other. Second, different cognitive mod
ules are conceived as operating independently of each other due to the 
encapsulation of information processing in each module. This leads to 
the assumption of independent, localizable, spatially segregated, and 
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functionally specialized modules in the brain, each associated with 
a specific cognitive ability.4

3.2. Modularity in Greene

In light of the question whether Greene’s dual-process theory of moral 
judgment presupposes a commitment to a modular account of cognition, 
it is crucial to be clear about what Greene actually means by “dual- 
processes’’. Is Greene merely talking about differences on the behavioral 
level, i.e., two different types of how people typically make moral judgments, 
or is Greene talking about two fundamentally different processes on the 
subpersonal level (e.g., the brain)? This is an important distinction because 
one might endorse a dual-process theory (of moral judgment) on the 
behavioral level without being committed to a modular view as to how 
these different behaviors may be related to differences in neurophysiology 
(see, e.g., Craigie, 2011; Kahneman & Frederick, 2002). However, depending 
on the kind of empirical data that is interpreted as evidence in favor of any 
dual-process theory, dual-process theories and a modular account of cogni
tion and the brain often become a package deal. In a footnote, Greene (2014) 
elaborates on what exactly he means by “dual-processes’’:

One might ask, what, exactly, is `dual’ in dual-process theories? Is it types of proces
sing? Types of cognitive systems? Different brain regions? Different kinds of outputs? 
The answer is “all of the above”, but the core difference, in my view, concerns the type 
of processing. As Turing taught us, dual-process psychology can be implemented or 
simulated on a computer using a single processing system occupying a single physical 
location and using one set of computational principles (at low levels, at least). But, as 
it happens, that’s not how it generally works in the brain. Instead, distinct neural 
systems typically engage in distinct types of processing in distinct locations. Likewise, 
cognitive outputs typically reflect the kinds of processing that produced them. As 
a result, a brain injury can alter behavior because it causes damage to a particular 
location, which houses a particular cognitive system, which processes information in 
a particular way, and which therefore tends to push behavior in a particular direction. 
Of course, not all dual-process dissociations are so clean, but sometimes they are. 
(Greene, 2014, p. 697; emphasis added)

As it becomes clear from the quote above, Greene is talking not only about 
two different processes on the behavioral level but about two different 
neurophysiological subsystems, and he also makes clear that these subsys
tems correspond to distinct circumscribed brain areas which engage in 
“distinct types of processing’’, just as in Fodor’s definition of a cognitive 
module. In particular, Greene specifies that he associates the automatic 
mode with the ventral striatum and the ventromedial prefrontal cortex 
(VMPFC), whereas he localizes the manual mode in the dorsolateral pre
frontal cortex (DLPFC) (Greene, 2014, pp. 697–698).
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Moreover, in a recent response to De Neys (2023) who criticized the 
presumed exclusivity of two processes in dual-process theories and the idea 
that one processes is necessarily faster than the other, Greene (2023) once 
again clarified what he considers as the most important empirical evidence 
in support of his dual-process theory of moral judgment, namely brain 
lesion studies from patients with lesions in the VMPFC or the hippocampus 
that were associated with increases in characteristically consequentialist or 
deontological moral judgments, respectively. Here again we can see the 
classical rationale of double dissociation studies as alleged evidence for the 
existence of distinct cognitive modules (Pessoa, 2022, pp. 50–53; Van Orden 
& Kloos, 2003; Van Orden et al., 2001).

Since modular accounts of cognition are still widespread (Barrett & 
Kurzban, 2006; Drayson, 2017; Palecek, 2016; Sternberg, 2011), it may not 
appear too surprising that Greene’s dual-process theory of moral judgment 
rests upon a modular view of cognition and the brain. However, as I will 
show in the following section, the modularity of mind is increasingly 
challenged in those quarters of cognitive science that adopt dynamical 
systems theory as their preferred modeling framework to study cognition 
and the brain. I will now address some objections to the modularity of mind 
in order to highlight that modular accounts of cognition and the brain 
should not be misconceived as being based solely on empirical facts, such 
as lesion studies, but rather entail important philosophical assumptions that 
can be called into question.

4. Beyond modularity: A dynamical systems perspective

The starting point for skepticism about the modularity of mind are empirical 
observations based on a large number of neuroimaging studies which have 
shown that increased activity in one brain area is usually associated with 
a variety of cognitive abilities, and that a particular cognitive ability is in turn 
usually associated with activity in several brain areas (Anderson & Pessoa,  
2011; Anderson et al., 2013; Pessoa, 2008). These findings give reason to 
deviate from the idea of a one-to-one mapping between cognitive abilities 
and brain areas and to think of a many-to-many mapping instead (Anderson,  
2010; Pessoa, 2008, 2014, 2022). The by now less controversial assumption of 
a many-to-many mapping between cognitive abilities and brain areas gives 
rise to the so-called reverse inference problem in cognitive neuroscience 
(Amodio, 2010; Pessoa, 2014): If experiments show that cognitive ability 
C1 correlates with increased activity in brain area B1, it cannot be con
cluded – under the assumption of a many-to-many mapping – that if 
increased activity was found in brain area B1 in another situation, C1 
would also be performed. Reverse inference is a problem for those research 
approaches such as Greene’s that rely on earlier research that has established 
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an association between primarily fast, emotional processes (C1) and brain 
area B1, and another association between primarily slow, deliberative pro
cesses (C2) and brain area B2. If in another situation, like making moral 
judgments of trolley dilemmas, an association is found between B2 and 
a certain behavior C3, for example characteristically consequentialist moral 
judgments, it is invalid to conclude – against the background of a many-to- 
many mapping – that C3 is ultimately nothing but an instance of C2.

Furthermore, the interpretation of empirical data from double dissocia
tion studies that arguably provide the strongest support of a modular con
ception of the brain is heavily theory-laden. Without additional theoretical 
assumptions, double dissociation studies can, at best, provide data about 
necessary but not sufficient conditions regarding the involvement of parti
cular neurophysiological processes for certain cognitive abilities (Fuchs,  
2018, pp. 46–52). Only if we have already accepted the assumptions of single 
causes, reductionism, decomposability, and localizationism, we will inter
pret empirical data from double dissociations as sufficient evidence for the 
existence of independent cognitive modules. However, such circular reason
ing begs the question whether to accept the modularity of mind as a premise 
or not (Van Orden & Kloos, 2003; Van Orden & Paap, 1997; Van Orden 
et al., 2001).

Let us examine Greene’s arguably strongest evidence in favor of his dual- 
process theory of moral judgment again to illustrate the question begging 
nature of the double dissociation rationale. Greene (2023) refers to studies 
involving patients with brain lesions that reported a relative increase in 
characteristically consequentialist moral judgments among patients with 
VMPFC lesions and a relative increase in characteristically deontological 
moral judgments among patients with damage to the hippocampus. An 
uncontroversial conclusion we can draw from these findings is that there 
seem to be two causal factors (VMPFC and hippocampus impairment, 
respectively) that influence the relative probability of characteristically 
deontological and consequentialist moral judgments in opposite direction. 
In order to follow Greene’s (2023) reasoning, according to whom the former 
lesion studies demonstrate that characteristically deontological moral judg
ments are `housed’ in the VMPFC, whereas characteristically consequenti
alist moral judgments are independently generated by the hippocampus, we 
have to make an additional assumption. Only if we presume that cognitive 
functioning can and needs to be explained by appeal to single causes, i.e., if 
we already endorse the general conception that each cognitive capacity can 
be attributed to a single part of the brain, we will conclude that character
istically deontological and consequentialist moral judgments are enabled by 
different cognitive modules, because we have identified two non-identical 
causal factors that seem to affect each class of moral judgments differently 
(Van Orden & Paap, 1997; Van Orden et al., 2001).
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On the contrary, if we adopt a dynamicist conception and assume that 
cognitive functioning emerges from multiple, nonlinearly interdependent 
processes within the brain and beyond, i.e., if we reject the assumption of 
single causes, we will conclude from the previous double dissociation 
studies that we have identified one out of many causally necessary brain 
processes for each class of moral judgments (VMPFC functioning for 
characteristically deontological moral judgments and hippocampus func
tioning for characteristically consequentialist moral judgments). 
Importantly, on a dynamicist view, it is not justified to conclude that 
characteristically consequentialist and deontological moral judgments, 
respectively, emerge from independent or fundamentally different processes. 
All that has been demonstrated so far is that at least one out of those many 
interdependent processes differs between the two classes of moral judg
ments, and this is exactly what we should expect if we observed two different 
behaviors. What we do not know, based on the empirical data presented by 
Greene, is to what extent the remaining processes are similar or different, 
and it may turn out that the two sets of interdependent processes that 
eventually qualify as sufficient causes for each class of moral judgment are 
largely overlapping and thus far from independent.

Hence, we should not uncritically accept Greene’s reference to brain 
lesion studies and his appeal to the traditional rationale of double dissocia
tions as evidence for two distinct cognitive modules, and thus for two 
distinct processes of making moral judgments, but rather take into account 
the plausibility of a non-modular architecture of the brain as well. But how 
exactly shall we conceptualize the organization of the brain if we reject the 
assumption of modularity?

It would be a false dichotomy to believe that the only alternative to 
independent modules in the brain with clearly definable functional profiles 
was to think of the brain as an equipotential gray mass that lacks any 
functional specialization and thus makes more fine-grained investigations 
impossible (Noble et al., 2024; Prinz, 2006). The alternative to the modu
larity of mind is rather a complex systems way of thinking with a focus on 
dynamically forming and changing functionally specialized networks in the 
brain – a way of thinking that originates from dynamical systems theory and 
that offers an alternative to reductionist and engineering-inspired 
approaches in cognitive science. As Pessoa (2022) puts is:

In a highly networked system like the brain, we need to shift from thinking in terms of 
isolated brain regions and adopt the language of networks: Networks of brain regions 
collectively support behaviors. The network itself is the unit, not the brain area [. . .]. 
Consequently, processes that support behavior are not implemented by an individual 
area but depend on the interaction of multiple areas, which are dynamically recruited 
into multiregion assemblies [. . .]. (Pessoa, 2022, pp. 176–177; emphasis original)
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Two aspects are particularly important: First, the focus on networks instead 
of modules, and, second, the dynamics of these networks. In contrast to 
a module in the Fodorian sense, which refers to an anatomically clearly 
delimited brain area with a unique functional profile, a network refers to 
a collection of different brain areas distributed across the cortex and sub
cortex that do not have to be in spatial proximity to each other but are still 
functionally connected (Pessoa, 2014). Anatomical studies have shown that 
there are numerous connections between most brain regions, even if these 
are further removed from each other (Modha & Singh, 2010; Pessoa, 2022, 
pp. 168–173; Young et al., 1994). Instead of conceiving the brain as being 
composed of discrete units, we are dealing with a system in which, in 
principle, everything is connected to everything else, although there are 
differences in how densely different regions are connected to each other. 
The whole brain is thus already one large interconnected network within 
which there appear to be subnetworks with different functional specializa
tions. In consequence, the multitude of anatomical connections in the brain 
are a prerequisite for a situationally changing functional connectivity 
between those brain areas that are engaged in the same subnetwork 
(Pessoa, 2022, pp. 189–190).

A possible misunderstanding would be to think of these subnetworks 
simply as larger modules that encompass several brain regions and have 
a broader functional profile. This is where the second aspect, namely 
dynamics, comes into play (Pessoa, 2014, 2022, pp. 186–187): Both structu
rally and functionally, the brain is constantly changing, a phenomenon 
known as plasticity. On a relatively slower time scale (ranging from minutes 
to years), structural changes take place (neurons die, synaptic connections 
are strengthened or weakened) and on a relatively faster time scale (ranging 
from milliseconds to minutes), the functional composition of networks 
change. A defining characteristic of such a dynamic network is that there 
is strong functional connectivity between those brain areas within the net
work, whereas there is less functional connectivity to other brain areas 
outside of the dynamic network. This means that during a certain cognitive 
activity, such as reading this text, different brain areas engage in synchro
nized activity and thus form a network for the duration of the reading 
activity. As soon as the reading activity ends, the functional unit of the 
network dissolves again and a functional reorganization takes place in the 
brain. Networks are thus not static but dynamic. For different cognitive 
activities, different functionally specialized networks emerge and dissolve 
dynamically and can be distinguished from each other, even though differ
ent networks can involve the same brain areas for different cognitive 
activities, depending on the exact type of dynamic functional connectivity. 
At the same time, the dynamic composition of brain networks is not 
arbitrary – vision, for example, always involves the primary visual cortex – 
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and yet particular cognitive capacities cannot be statically reduced to activity 
in individual brain regions, for cognitive functioning depends on the state of 
the whole system and its subnetworks which evolves dynamically (Pessoa,  
2014, 2022, pp. 167–192). Metaphorically speaking, we can use the image of 
a dance to gain a better understanding of the dynamic network perspective:

As the mind fluctuates from state to state, we can view networks cohering and 
dissolving correspondingly – not unlike a group of dancers merging and separating 
as an act progresses. The temporal evolution of their joint states is what is important. 
(Pessoa, 2022, p. 187)

The context-dependent dynamics of the formation and functional speciali
zation of particular brain networks gives us a better understanding of the 
empirical observation of a many-to-many mapping between cognitive abil
ities and brain areas, which continues to exist at the network level (Pessoa,  
2014). Since networks are based on dynamically emerging and dissolving 
functional connectivity, networks consisting of the same brain areas can be 
involved in different cognitive activities and networks consisting of different 
brain areas can be involved in similar cognitive activities. The exact type of 
functional connectivity varies dynamically and is ultimately decisive for the 
functional profile of a network. Against the background of such a dynamic 
and context-dependent functional specialization at the network level, con
text-invariant, static assignments between cognitive abilities and individual 
brain areas in the sense of distinct cognitive modules are no longer tenable. 
To be clear, there is functional specialization at the network level – in 
contrast to equipotentialism – but such a functional specialization must be 
understood dynamically and context-dependent (Pessoa, 2014).

A further objection that goes beyond the criticism of the modularity of 
mind, but includes its rejection, comes from embodied cognition 
approaches within cognitive science, especially from ecological psychology 
and enactivism (Chemero, 2009; Fuchs, 2018; Gibson, 1979/2015; Segundo- 
Ortin & Raja, 2024, Thompson & Varela, 2001; Varela et al., 1991/2017). 
Embodied cognition rejects neuroreductionism, according to which cogni
tive abilities and psychological phenomena can be reduced to neuronal 
activity. Instead, ecological psychologists and enactivists focus on the brain- 
body-environment system as the central unit of analysis for understanding 
cognition, and they also endorse dynamical systems theory as their pre
ferred modeling framework, but at the level of the more encompassing 
brain-body-environment system and not just the brain. Ecological validity 
plays a key role from an embodied perspective, and thus a comprehensive 
investigation of how humans make different types of moral judgments must 
consider not only potential differences in neurophysiology but also the fact 
that particular brain processes associated with different types of moral 
judgments cannot be understood in isolation from a history of embodied 
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human to human interactions, embedded in particular socio-cultural envir
onments which are constitutive for the development of these cognitive 
abilities. On this view, one could formulate a more radical critique of 
Greene’s research program that goes beyond a critique of a modular account 
of cognition and instead questions the ecological validity of his experimental 
approach: Lying in a MRI scanner while making moral judgments about 
trolley dilemmas seems to be far removed from an ecologically valid inves
tigation of moral judgments.

Overall, however, it is important to note that despite the objections raised 
above against the modularity of mind, a dynamical systems perspective has 
not yet become the new dominant paradigm in cognitive science and neu
roscience. Although there is an increasing tendency in neuroscience under the 
umbrella term network neuroscience (Bassett & Sporns, 2017) to replace 
a modular perspective by a network approach, and although there is 
a growing community of cognitive scientists who have endorsed dynamical 
systems theory as their preferred modeling framework for almost three 
decades (Chemero, 2009, 2023; Favela, 2020, 2021, 2024; Izhikevich, 2007; 
Kelso, 1995; Nguyen et al., 2024; Noble et al., 2024; Pessoa, 2014, 2022; Smith 
& Thelen, 1994, Thompson & Varela, 2001; Van Orden et al., 2003, 2001; van 
Gelder, 1998), there are still other quarters in cognitive science who adhere to 
a modular account of cognition (Barrett & Kurzban, 2006; Drayson, 2017; 
Palecek, 2016; Sternberg, 2011). The current state of disagreement in cogni
tive science as to whether or not to abandon a modular account of cognition 
points toward the “real disagreement’’ between proponents of modularity and 
dynamical systems theory. As Van Orden et al. (2001) pointed out, we should 
not mistakenly believe that the controversy around the modularity of mind is 
a purely empirical question. What is actually at stake are two opposing views 
on the kind of epistemic standards that a good explanation in cognitive 
science and neuroscience should adhere to. The modularity of mind adheres 
to the epistemic ideals of reductionism, single causes, decomposability, and 
localizationism, whereas dynamical systems approaches in cognitive science 
adhere to the epistemic ideals of holism, anti-reductionism, non- 
decomposability, and anti-localizationism (Noble et al., 2024; Sanches de 
Oliveira & Chemero, 2015; Silberstein & Chemero, 2013; Van Orden & 
Paap, 1997; Van Orden et al., 2001). Both schools of thought – modularity 
and dynamicism – extensively refer to empirical evidence, and yet we should 
not expect that this debate will be settled on a purely empirical basis, because 
it was never a purely empirical debate to begin with. Hence, we have to 
adjudicate between modular and dynamical accounts of cognition and the 
brain on a conceptual or pragmatic basis.

Interestingly, Fodor (1983) already seemed to be aware that the plausi
bility of the modularity of mind is closely linked to the kind of epistemic 
standards that one implicitly or explicitly applies to good explanations in 
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cognitive science. Toward the end of his book, Fodor makes the following 
revealing remark:

I promised a parting word or two about what the prospects for research in cognitive 
science might be like assuming that the modified modularity thesis is true. My point 
will be this: the limits of modularity are also likely to be the limits of what we are going 
to be able to understand about the mind, given anything like the theoretical apparatus 
currently available. (Fodor, 1983, p. 126; emphasis added)

Since our currently available theoretical apparatus has changed dramatically 
since the publication of The Modularity of Mind in 1983, especially in 
dynamical systems theory in cognitive science, we do not have to worry 
anymore that we will not be able to understand anything about cognition 
and the brain if we let go of the assumption of modularity. Yet, Fodor’s 
statement is revealing in that it points toward the “real motivation’’ of 
adhering toa modular account of cognition and the brain, which seems to 
be primarily rooted in epistemic standards that are at odds with those 
epistemic standards favored by dynamicists. Moreover, Fodor is right in 
that particular types of explanations crucially depend on endorsing 
a modular view of cognition. If we reject the modularity of mind, we will 
have to let go of certain types of explanations as well. This brings us back to 
Greene’s dual-process theory and a key question that has been waiting in the 
background so far: If we reject the modularity of mind as a premise, will this 
be the end to Greene’s dual-process theory of moral judgment?

5. The end or the future of dual-process moral psychology?

Against the background of the previous discussion of the modularity of 
mind, Greene’s empirical findings seem ambiguous without the addition of 
further theoretical assumptions. If we reject a modular account of cognition 
and the brain on a theoretical basis, it does not follow from Greene’s 
neuroimaging studies and other lesion studies that there are two asymme
trically independent cognitive modules that each enable either characteris
tically deontological or characteristically consequentialist moral judgments. 
Instead, we can only conclude that the respective brain areas seem to be 
involved somehow in those neurophysiological processes that contribute to 
the respective moral judgments. On the latter interpretation, however, it 
does not follow that we are dealing with two fundamentally different 
systems of how humans make moral judgments.

As I have pointed out earlier, adopting a dynamical systems perspec
tive does not mean questioning that there is functional specialization in 
the brain. What it does question, however, is a static and context- 
invariant mapping between cognitive abilities and isolated brain 
regions. It could be, for example, that characteristically deontological 
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and characteristically consequentialist moral judgments are related to 
two different dynamically forming brain networks, and such a relative 
difference in the functional specialization of two dynamic brain net
works could be demonstrated by using other imaging techniques and 
analysis methods than those used by Greene (Sporns & Betzel, 2016). 
However, it is crucial to note that, from a dynamical systems perspec
tive, there can never be complete independence between the compo
nents of a system, because it is precisely the interdependence of the 
components of a system that characterizes the system as a nonlinear 
dynamical system (Nguyen et al., 2024; Pessoa, 2022, pp. 129–143; Van 
Orden et al., 2003). A relative, dynamic, and context-sensitive differ
ence in the functional specialization of two brain networks would thus 
be too weak for Greene’s dual-process theory which postulates the 
existence of two asymmetrically independent processes, i.e., two distinct 
cognitive modules.

This sounds much like the end of Greene’s dual-process moral psychol
ogy, but this need not be the case. The debate around Greene’s dual-process 
theory of moral judgment has shifted in a direction that generally accepts 
the hypothesis of two different psychological and neurophysiological pro
cesses contributing to different types of moral judgments, but the presumed 
exclusivity of these processes has been questioned increasingly (Craigie,  
2011; Crockett, 2013; Cushman, 2013; De Neys, 2023; see also Wiegmann 
& Sauer, 2021). Such deflated versions of dual-process theories may be 
compatible with a dynamical systems perspective, for they refer to differ
ences in the relative contribution of different subsystems in the brain and 
how these are dynamically integrated, rather than positing categorical 
differences between isolable cognitive modules and their respective func
tional specialization. Although updated and less radical versions of dual- 
process theories in moral psychology were not motivated by a rejection of 
the modularity of mind, but by empirical findings that gave reasons to 
reconsider the presumed exclusivity and asymmetrical independence of 
two processes of moral judgment (for review, see De Neys, 2023), both 
approaches – either a rejection of the modularity of mind on a theoretical 
basis, or the development of less radical versions of dual-process theories to 
accommodate new empirical evidence conflicting Greene’s original dual- 
process theory – ultimately seem to converge on an appreciation of relative 
instead of categorial differences as to how differences in moral judgments 
are related to neurophysiology. However, Greene’s original dual-process 
theory of moral judgment seems to be inconceivable without 
a commitment to a modular account of cognition and the brain, and thus 
I believe it is important to pay attention to this implicit premise when it 
comes to the future of dual-process moral psychology.
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Zooming out from the present discussion of Greene’s dual-process theory 
of moral judgment to the ongoing debate between proponents of either 
single or dual-process theories in psychology more generally (for review, see 
De Neys, 2021; Evans & Stanovich, 2013), there seems to be a relevant but 
largely undiscussed parallel between the single versus dual-process litera
ture, on the one hand, and the modularity versus dynamical systems litera
ture, on the other hand (see also Zerilli, 2023). Despite the absence of 
a single, “received’’ dual-process theory that would apply generically to all 
aspects of cognition (Evans, 2012; Evans & Stanovich, 2013), the disagree
ment between supporters and critics of various dual-process theories in 
different psychological domains comes down to the question whether there 
are qualitative or merely quantitative differences between intuitive (analo
gous to Greene’s (2014) “automatic mode”) and deliberate (analogous to 
Greene’s (2014) “manual mode”) processes (De Neys, 2021). Critics of dual- 
process theories thus do not deny that there seem to be differences between 
more intuitive and more deliberate cognitive processes, but they hold that 
these differences are merely quantitative (or relative) rather than qualitative 
(or categorical).

Notably, most of the arguments in favor or against dual-process theories 
mainly rely on behavioral data or conceptual issues (De Neys, 2021, 2023; 
Evans, 2011; Evans & Stanovich, 2013). Although supporters of dual-process 
theories often refer to data from neuroimaging or lesion studies as addi
tional support of their view in a similar vein as Greene (2014, 2023), which 
may be indicative of an implicit commitment to a modular account of 
cognition and the brain (see Evans, 2011; Evans & Stanovich, 2013), the 
neural perspective seems to play a secondary role in the wider single versus 
dual-process literature. That is, the debate on single versus dual-process 
theories does not solely depend on taking a stance in the modularity versus 
dynamicism debate, even though these two debates are closely connected 
and sometimes come as a package deal, as I have shown with respect to 
Greene’s dual-process theory of moral judgment and its implicit commit
ment to the modularity of mind.

Moreover, against the backdrop of Greene’s (2014) normative claims, the 
general idea that normative correctness might be attributed to deliberate 
rather than intuitive cognitive processes has been critically discussed in the 
wider dual-process literature too (De Neys, 2020; Evans, 2011, 2012). 
According to Evans (2012), it constitutes a normative fallacy to generally 
attribute normative correctness to deliberate processes and to view intuitive 
processes as necessarily biased. Such a normative fallacy seems to result 
from an unjustified generalization of those dual-process theories that were 
originally developed in the context of logical and probabilistic reasoning 
and that provided an explanation of participants’ reasoning mistakes that 
were primarily associated with insufficient deliberation. Within the context 
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of logical and probabilistic reasoning, it may be justified to attribute nor
mative correctness to deliberate rather than intuitive processes, but the 
normative fallacy lies in viewing normative correctness as a general feature 
of deliberation across all the different contexts to which dual-process the
ories have been applied (De Neys, 2020; Evans, 2012). On a charitable 
reading, however, Greene (2014) cannot simply be accused of falling prey 
to the normative fallacy, since Greene does not consider all intuitive moral 
judgments to be biased. Only if we are confronted with unfamiliar moral 
problems, Greene holds that deliberate moral judgments will be normatively 
superior compared to their intuitive counterpart (see section 2). This nor
mative premise of Greene’s (2014) indirect route argument may be evalu
ated in its own right, but it certainly differs in relevant respects from the 
canonical normative fallacy as discussed in the wider dual-process literature.

Zooming back in on Greene’s dual-process theory of moral judgment, 
a rejection of the modularity of mind ultimately imposes constraints on the 
kind of insights that we can expect from an empirically informed ethics. 
Greene’s promise to solve a long-standing debate in moral philosophy 
between consequentialist and deontological approaches hinges on the premise 
of a modular account of cognition and the brain. If we let go of the modularity 
of mind, we must also abandon the hope of a categorical solution of the debate 
between deontological and consequentialist approaches in normative ethics 
based on a couple of brain scans. For some, this may sound like biting the 
bullet, but an appreciation of modesty could also be the starting point for 
a new research program in empirically informed ethics that aims at illuminat
ing relative differences in dynamic brain functioning that can still be highly 
informative, albeit less categorical and less bold then what Greene’s dual- 
processes theory of moral judgment was initially aiming for.

6. Conclusion

In this paper, I have argued that Greene’s dual-process theory of moral 
judgment presupposes a commitment to a modular account of cognition 
and the brain. Only under the assumption of a modular architecture of the 
brain, the evidence from neuroimaging and lesion studies presented by 
Greene supports the view that characteristically consequentialist and char
acteristically deontological moral judgments are enabled by asymmetrically 
independent processes, i.e., by two distinct cognitive modules. Against the 
background of growing influence of dynamical systems thinking in cogni
tive science and neuroscience, I have questioned the plausibility of the 
modularity of mind, and I have presented an alternative view of the brain 
as a complex dynamical system that is not composed of independent 
cognitive modules but of dynamically forming and dissolving, functionally 
specialized brain networks. Ultimately, accepting or rejecting a modular 
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account of cognition and the brain is not just a matter of empirical evidence, 
but a matter of conflicting epistemic standards that proponents of modu
larity or dynamicism apply to good explanations in cognitive science. If we 
reject the modularity of mind, it follows that Greene’s dual-process theory 
of moral judgment is no longer tenable in its original version. However, 
dynamical systems accounts may be compatible with more nuanced ver
sions of dual-process theories that focus on how different types of moral 
judgments might be related to relative differences in the dynamic recruit
ment and integration of different brain networks. A rejection of the mod
ularity of mind thus does not necessarily put an end to dual-process theories 
in moral psychology, but it urges us to reconsider crucial theoretical com
mitments that constrain what kinds of explanations we can expect from an 
empirically informed ethics.

Note

1. Note that not all dual-process theories in psychology are committed to a modular 
account of cognition and the brain. For example, Kahneman, one of the best known 
dual-process psychologists, points out that “System 1’’ and “System 2’’ processes should 
not be misconceived as independent cognitive modules: “We adopt the generic labels 
`System 1’ and `System 2’ [. . .]. These terms may suggest the image of autonomous 
homunculi, but such a meaning is not intended. We use systems as a label for collections 
of processes that are distinguished by their speed, controllability, and the contents on 
which they operate.” (Kahneman and Frederick, 2002, p. 51; emphasis added).

2. According to Greene et al. (2001), the key difference between the trolley dilemma and 
the footbridge dilemma is that the trolley dilemma exemplifies an impersonal moral 
dilemma, whereas the footbridge dilemma exemplifies a personal moral dilemma; the 
latter referring to direct physical interaction between the intervening agent and the 
potential victim. In subsequent works, Greene and colleagues refined the distinction 
between personal and impersonal moral dilemmas as being a matter of personal force 
more generally (Greene, 2014; Greene et al., 2009).

3. According to Greene (2014, pp. 699-700), the qualification “characteristic” underlines 
that characteristically deontological or characteristically consequentialist moral judg
ments must not be equated with any particular ethical theory that can be labeled as 
either consequentialist or deontological. Instead, according to Greene, moral judg
ments that can be justified by weighing up costs and benefits count as characteristi
cally consequentialist (e.g. sacrificing one person to save five). Characteristically 
deontological moral judgments, on the other hand, are those that can be better 
justified by reference to rights and duties (e.g. “You must not kill!”).

4. Fodor (1983) limits the scope of his modular account of cognition and the brain by 
highlighting that not all cognitive capacities are modularly organized. Fodor distin
guishes between ``central’’ and ``peripheral’’ cognitive systems, and only the latter 
are modularly organized on Fodor’s view. Deliberate thinking and other so-called 
higher cognitive abilities count as ``central systems’’ and are thus non-modularly 
organized, according to Fodor. In contrast, Greene’s dual-process theory rather seems 
to entail a commitment to massive modularity, i.e., a more radical version of Fodor’s 
original theory, according to which all aspects of cognition and the entire brain are 
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modularly organized (Barrett & Kurzban, 2006; Carruthers, 2006; Prinz, 2006; Zerilli,  
2023). What matters for the present discussion is the concept of a cognitive module as 
originally introduced by Fodor, even if Greene’s interpretation of the modularity of 
mind is more in line with what is known as massive modularity and thus diverges in 
scope from Fodor’s original view.
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