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Considering the Purposes of Moral Education with Evidence in Neuroscience: Emphasis on
Habituation of Virtues and Cultivation of Phronesis
Abstract

In this paper, findings from research in neuroscience of morality will be overviewed to
consider the purposes of moral education. Particularly, I will focus on two main themes in
neuroscience, novel neuroimaging and experimental investigations, and Bayesian learning
mechanism. First, I will examine how neuroimaging and experimental studies contributed to our
understanding of psychological mechanisms associated with moral functioning while addressing
methodological concerns. Second, Bayesian learning mechanism will be introduced to acquire
insights about how moral learning occurs in human brains. Based on the overviewed
neuroscientific research on morality, I will examine how evidence can support the model of
moral education proposed by virtue ethics, Neo-Aristotelian moral philosophy in particular.
Particularly, two main aims of virtue ethics-based moral education, habituation of virtues and
cultivation of phronesis, will be discussed as the important purposes of moral education based on
neuroscientific evidence.

Keywords: Moral education, Virtue ethics, Neuroscience, Habituation, Phronesis

Introduction

In this paper, I will overview findings from recent neuroscientific research on morality to
consider what the purposes of moral education shall be. While discussing the topic, I plan to
refer to moral philosophical accounts regarding moral education, instead of solely focusing on
neuroscience. Research in neuroscience might be able to provide moral educators with useful
insights about psychological processes involving moral functioning and development at the

biological level (Han 2016). However, building any normative or prescriptive argument about



what shall be pursued in moral education solely based upon empirical evidence would not be
convincing. This is because such evidence would not necessarily provide useful ideas about
value-related consideration, what should be pursued and taught during the course of moral
education, in a direct manner (Kristjansson 2013; Bowers 2016). Hence, my consideration of the
purposes of moral education with neuroscientific evidence will be informed by moral
philosophy, particularly Neo-Aristotelian virtue ethics, which is primarily interested in
habituation of virtues and cultivation of practical wisdom (Sanderse 2014).

The main purpose of this paper is not to support one moral philosophical position, virtue
ethics, against others at the normative level. Instead, I intend to discuss how suggestions on
moral education proposed by virtue ethics, Neo-Aristotelian in particular, are supported by
evidence regarding moral psychology and development, and further, how the interventions and
educational methods based on them are more capable of producing the most effective
educational outcomes compared with others. We can consider why examining different
educational standpoints based on scientific evidence practically makes sense (Han 2016). For
example, in physical education, findings from physiology and anatomy informed how to design
effective educational programs. Instructions in physical education were thus developed to be
consistent with such scientific evidence (Bulger et al. 2008). In the same vein, moral education
can also be designed with scientific evidence so that it can more effectively promote moral
development.

To achieve this purpose, first, I will review recent findings from large-scale data-driven
explorations focusing on morality at the neural level. Meanwhile, I intend to discuss limitations
in conventional neuroimaging studies and how they could be alleviated through novel analysis

methods in recent neuroscience research (Yarkoni et al. 2011; Dockes et al. 2020). Furthermore,



I plan to overview experimental studies that employed diverse investigational methods that allow
researchers to examine the causal relationship between the neural activity and psychological
process of interest (Bestmann and Feredoes 2013). Such studies would provide useful ideas
about neural activity patterns associated with moral functioning and how learning, in addition to
motivational and behavioral changes, occur through neuroscience-informed exercises and
trainings. Based upon the review of large-scale neuroimaging studies and experimental studies, I
will discuss which psychological processes shall be focused on with conceptual consideration on
Neo-Aristotelian virtue ethics.

In addition to neuroimaging and experimental studies, I will also overview recent
discussions on the Bayesian nature of learning processes in human brains (O’Reilly et al. 2012).
By overviewing the Bayesian perspective, I will consider the neural-level mechanism of learning
based on the neural network training (Churchland 1998), which can also be applicable to moral
learning (Cushman et al. 2017), and how such learning can be promoted to produce optimal
outcomes in the long run. I intend to connect the Bayesian nature of moral learning at the neural
level and the ideas for moral education proposed by Neo-Aristotelian virtue ethics to explore the
purpose of moral education.

Evidence from Neuroimaging Analyses and Experimental Studies

Examining moral functioning at the neural level may facilitate our understanding of the
psychological substrates of moral functioning. It may also inspire a discussion on the purposes of
moral education by providing ideas about psychological processes constituting moral functioning
(Han 2016; Han et al. 2019). Although the account supporting the value of neuroscience in
research on morality might be intriguing, there have been continuous debates about whether

neuroscientific studies can provide useful insights about the basis of psychological functioning of



interest. For instance, researchers have been concerned about whether we can clearly identify the
pattern of neural activity specifically associated with one cognitive function of interest with poor
generalizability due to methodological limitations (Eickhoff et al. 2020). Also, some have
criticized that the majority of conventional neuroimaging studies can only illuminate correlation,
not causality (Ramsey et al. 2010). Thus, before discussing how neuroscience can potentially
contribute to moral education with information about the psychological mechanism of moral
functioning, I intend to overview these concerns and discuss how recent methodological
advances can alleviate them. Then, I will examine neuroscientific studies conducted with the
advanced methods.
Methodological benefits of large-scale neuroimaging analyses

First, methodological limitations existing in conventional neuroimaging techniques
prevent us from directly matching a specific functionality of interest to a specific region showing
significant activity (Eickhoff et al. 2020). With conventional neuroimaging findings, which
demonstrate the differences in brain activity in different task conditions, we cannot fully examine
whether such activity is particularly associated with the task condition of interest. Many fMRI
experiments examining moral functioning compare neural activity between two specific task
conditions, e.g., Trolley dilemma vs. non-moral arithmetic decision making task conditions
(Greene et al. 2001), with a small sample size resulting in weak statistical power (Eickhoff et al.
2020). Hence, even if we can identify patterns of significantly activated brain regions from such
experiments, it is not convincing to argue that such a pattern reveals a unique pattern of neural
activity associated with a functionality of interest.

Fortunately, several novel analysis tools seem capable of addressing this methodological

issue in neuroimaging analysis at least partially with information technology (Poldrack and



Yarkoni 2016). NeuroSynth and NeuroQuery use a large-scale neuroimaging database to address
the issue (see supplementary materials for further details about the tools). Statistical maps
created by such tools demonstrate the unique neural activity pattern associated with a specific
functionality by analyzing a large-scale database containing fMRI experimental results
addressing various functionality topics (Rubin et al. 2017).

Let us examine the brain activity pattern uniquely associated with morality, the main
topic of this paper. Both NeuroSynth and NeuroQuery reported significant activation in the
default mode network (DMN), which is associated with social cognition and self-related
processes (Han 2017; Koban et al. 2021), when a keyword “moral” was entered (see the
“methodological further details” section in the supplementary materials for methods and the
“results from large-scale neuroimaging analyses” section for the full results). In addition, I also
employed the NeuroSynth decoder to explore the neural activity patterns most significantly and
uniquely associated with moral functioning (Yarkoni et al. 2011). This reported that keywords
related to theory of mind (or mentalizing) and self-referencing (or autobiography) showed the
most significant association. These results may suggest that the neural circuitries and
psychological processes related to morality and moral functioning are uniquely associated with
theory of mind and self-related processes.

Let me consider why this decoding result can provide novel insights that could not be
gained by conventional neuroimaging experiments. As an illustrative example, let us imagine a
case of decoding the fundamental components of decathlon, which was employed by
Kristjansson and Fowers (2022) to examine the nature of character education. If we use an
experiment method that is like conventional neuroimaging, then at the best, we might be able to

compare the mechanisms between decathlon' vs. control (e.g., other sports) conditions. Even if



we discover that 100m run and pole vault mechanisms more frequently appeared in the decathlon
condition compared with the control condition, such a result may provide very limited evidence
supporting the unique pattern of the mechanism of decathlon due to the peculiarity of the
employed conditions and statistical power. However, once we enter the data acquired from
decathlon into a decoder like the NeuroSynth decoder, which enables us to examine a large-scale
dataset containing mechanisms of diverse sports, then it would be able to show us the unique
mechanism of decathlon. Once we see that the mechanisms of the 100m run and pole vault report
the highest correlation with decathlon, then at the least, we can better conclude that these two are
uniquely associated with decathlon.

One point to note is that the uniquely associated features suggested by the NeuroSynth
decoder can provide information about which features may be considered as lower-level features
of the functionality of interest (Rubin et al. 2017). Given what has been discussed in the field,
particularly related to the hierarchical structure of cognition, the concrete and specific
components at the lower level identified through the decoding process can be considered as the
components being employed for the more complex psychological functionality (Schurz et al.
2021). Both psychologists and philosophers suggest that moral functioning is very complicated
and such abstract cognitive functioning employs diverse concrete cognitive functionalities,
including theory of mind and self-related processes (Colby and Damon 1993; Blair 2007; Young
et al. 2010). Therefore, with the NeuroSynth decoder based on a large-scale dataset (Klein 2012),
we can better identify concrete lower-level cognitive functionalities that are uniquely associated
with and employed for moral functioning (Poldrack and Yarkoni 2016).

Of course, the currently introduced methods are not perfect. Because NeuroSynth,

NeuroQuery, and NeuroSynth decoder use keywords, which have not been carefully filtered, the



set of neuroimaging data employed do not necessarily and exclusively be related to morality as
defined by theories (Yarkoni et al. 2011). Also, because they are still correlational, the results do
not necessarily show us any causal association. Despite the limitations, the novel methods are
more capable of identifying the unique neural-level patterns of moral functioning thanks to the
large-scale database and sophisticated data-driven analysis compared with individual
neuroimaging studies focusing on specific task conditions. Such findings will be able to provide
us with insights about the unique functional features of morality that could not be obtained with
traditional methods.

Issue of functional localization and network-based approaches

Second, neuroscientists argue that a psychological functionality of interest could not be
exclusively associated with only one specific region showing significant activity (Ramsey et al.
2010). Thus, we need to explore neural networks or circuitries given recent findings from
neuroimaging studies employing network-based approaches (Bressler and Menon 2010; Ramsey
et al. 2010). Network-based approaches in neuroimaging, such as the psychophysiological
interaction analysis and connectivity analysis methods (Friston et al. 1997; Céceda et al. 2011),
have enabled researchers to examine brain circuitries associated with psychological functions of
interest quantitatively.

Recent research on the neuroscience of morality has also reported brain circuitries
associated with morality (see the “results from studies employing network-based approaches”
section in the supplementary materials for more information). Consistent with the large-scale
neuroimaging analysis, significant connectivity between the DMN regions and other brain
regions associated with cognition, emotion, and motivation within the moral task contexts has

been demonstrated in previous studies (Caceda et al. 2011; Pujol et al. 2012; Han et al. 2016).
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Although there have been several debates about whether the DMN is functionally associated
with self-related psychological processes, additional evidence from recent neuroimaging studies
conducted have supported the point. In the previous studies conducted with both human and non-
human subjects, DMN activity significantly decreased when the subjects were sleeping or
anesthetized compared with when they were awake (e.g., Simann et al. 2011; Li and Zhang
2018). Recent research, including both from ordinary and clinical populations, has also
consistently suggested that the DMN plays fundamental roles in self-related cognition within
social contexts instead of mere idling (for review, Koban et al. 2021).

Issue of causality and experimental methods in neuroscience

Furthermore, we also need to consider concerns regarding the correlational nature of
conventional neuroimaging methods. Given correlation per se does not necessarily prove
causality, even if we find significant association between psychological functionality A and
activity in brain region B, we cannot confidently argue that A is a result of activity in B even
with enhanced neuroimaging methods (Ramsey et al. 2010; Bestmann and Feredoes 2013).
Hence, it would be necessary to consider how to address the issue of causality before discussing
how neuroscience can inform our exploration on the purpose of moral education, which involves
norms and prescriptions in addition to descriptions.

Several experimental methods in neuroscience at least partially enable us to examine
causality between activity in specific brain regions or networks and psychological functionalities
of interest. Such methods include neurostimulation, neurofeedback, and neuroscience-informed
intervention (Bestmann and Feredoes 2013). Given education, including moral education, is
primarily concerned with how to promote one’s development and growth through educational

activities (Yeager and Walton 2011), it would be important to address the causality issue if we
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intend to learn from neuroscience for improving education. Thus, overviewing findings from
such experimental studies may provide us with useful insights about mechanisms associated with
learning and development, which are fundamental in educational research (see the “results from
experimental studies” section in the supplementary materials for more information).

First, neurostimulation employing the Transcranial Magnetic Stimulation (tMS) and
Transcranial Direct Current Simulation (tDCS) enabled researchers to examine the causal
relationship between a functionality of interest and a brain region or circuitry by temporarily
altering activity in the brain region or circuitry of interest (Young et al. 2010; Bestmann and
Feredoes 2013; Riva et al. 2019). Previous neurostimulation studies have demonstrated that
influencing regions and circuitries associated with moral functioning, e.g., the DMN,
significantly changed moral cognition and behavior, e.g., evaluating self-traits, evaluating others’
intent regarding moral transgression, moral decision making, and compliant behavior (Lou et al.
2010; Young et al. 2010; Ruff et al. 2013; Riva et al. 2019).

Second, neurofeedback studies, which apply real-time neuroimaging techniques to
provide participants with information about how to regulate targeted psychological processes,
can also provide additional evidence supporting causality (Fede et al. 2020; see supplmentary
materials for methodological further details). This method has been reported to produce neural
activity in regions of interest during intervention sessions as well as long-term improvement in
targeted functionalities (Hohenfeld et al. 2017). For instance, applying neurofeedback to monitor
neural activity in the DMN during psychological interventions significantly contributed to
improving mentalizing among clinical populations at both neural and behavioral levels
(Imperatori et al. 2017). Thus, neurofeedback would be a possible way to support a causal

relation between brain regions or circuitries and psychological functionalities.
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Furthermore, evidence from neuroscience-informed intervention studies aimed at
promoting specific behavioral outcomes, such as moral behavior, can also be considered (e.g.,
Han et al. 2017). Han et al. (2017) reported that relatable close-other moral exemplars, such as
friends, better motivated prosociality compared with unrelatable distant exemplars, such as
historic figures (see also Han et al. 2022). They assumed that the perceived distance and
connectivity between the presented exemplars and participants would be a significant factor
determining psychological impacts of exemplars based on Han et al. (2016), which reported
significant involvement of the DMN in moral functioning. If such neuroscience-informed
interventions work as intended, the fact may at least partially support a causal relation between
brain activity and psychological functioning. It may also suggest that neuroscience can inform
education, including moral education.

Moreover, trainings and interventions aimed at behavioral changes have also been known
to induce changes in structure and functioning at the neural level (Johansen-Berg 2012). This
may support the point that brain activity and psychological or behavioral functioning may
causally and reciprocally influence each other. Across diverse domains of affective, cognitive,
and motivational processes, including those closely related to moral functioning such as
compassion and perspective taking, psychological training programs have significantly affected
the brain structure, connectivity, and functioning in relevant brain regions (Lampit et al. 2015;
Valk et al. 2017; Tymofiyeva and Gaschler 2021). Such evidence unequivocally suggests that
well-designed long-term trainings can induce changes at the motivational, behavioral, and even
neural levels.

Taken together, with novel methods such as neurostimulation, neurofeedback, and

neuroscience-informed intervention, neuroscience research allows us to examine the causal
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relations between brain regions and circuitries, and psychological functioning of interest.
Researchers can now better understand how activity in certain brain regions or circuitries
influences and regulates psychological and behavioral processes. Such understanding would
eventually widen our knowledge about the neural- and biological-level substrates of human
psychology and behavior.
Implications of Evidence from Neuroimaging Analyses and Experimental Studies on Virtue
Ethics-based Moral Education

In this section, I intend to discuss how neuroscientific evidence can inform exploration of
the purpose of moral education. First, in terms of developmental processes, neuroscientific
studies employing advanced techniques, particularly those employing neurofeedback or
interventions, may suggest that well-designed trainings can induce long-term functional as well
as structural changes in brain regions associated with the targeted functioning (Hohenfeld et al.
2017; Tymofiyeva and Gaschler 2021). Furthermore, changes occur not only at the neural level
but also at the psychological and behavioral levels in the long term (Valk et al. 2017).

Experimental studies demonstrated that interventions can be developed in a way where
they can pinpoint psychological processes of interest with neuroscientific evidence. Such a point
can also be applicable to the domain of moral functioning. It may shed light on our exploration
of what shall be focused on in moral education. If we can identify brain activity patterns
associated with moral functioning, interventions in moral education may aim at regulating
activity in the associated brain regions (Han 2016; Han et al. 2017). Then, with appropriate
intervention approaches involving long-term trainings, it would be possible to induce behavioral
and neural-level changes in the targeted moral functioning and its associated brain structures in

the long run.
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Let us revisit the example of the decathlon training to examine why aiming at
functionalities suggested by neuroimaging evidence shall be seriously considered in moral
education. According to Kristjdnsson and Fowers (2022), balanced training in each individual
sport constituting the decathlon is required for optimal performance. Although mastering the
individual sports is not sufficient, it is necessary to train skills in such individual sports at the
least. Similarly, in the moral domain, if we can identify functional components for moral
functioning, e.g., self-related processes and mentalizing to understand others identified by
neuroimaging, becoming well-equipped with such components may be considered a necessary
condition for optimal moral functioning. In fact, Kristjansson and Fowers (2022) also argued that
to become a fully virtuous being “presupposes habituation into individual moral virtues (p. 12)”.
Thus, like the case of a decathlon, it would be plausible to say that developing the
aforementioned identified functional components is a necessary condition for optimal moral
functioning, which shall be pursued in moral education.

The aforementioned point may support one of the aims of moral education proposed by
virtue ethics, habituation of virtues through long-term exercises, with evidence at the neural level
(Steutel and Spiecker 2004; Sanderse 2014). As shown, behavioral trainings resulted in
substantial changes in brain regions and circuitries. Functional and structural changes in brains
induced further behavioral changes in the long term. These findings suggest that well-organized
trainings and exercises can induce intended changes in the targeted psychological functions at
the neural level (Lampit et al. 2015; Tymofiyeva and Gaschler 2021), and eventually reinforce
behavioral changes (Valk et al. 2017). Although directly relevant neural-level evidence has not
been sufficiently accumulated in the domain of morality, such a point might also be applicable to

moral education. Virtue habituation through repeated exercise, particularly that happens during
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childhood (Sanderse 2020), when brains are highly plastic (Tymofiyeva and Gaschler 2021), is
perhaps capable of promoting neural-level changes in brain regions and circuitries associated
with moral functioning in the long term. Then, as Neo-Aristotelian moral philosophers have
argued, habituated virtues, which might have associated neural-level mechanisms, may lead to
intended behavioral outcomes (Sanderse 2020). Consequently, neural-level evidence related to
the reciprocal relationship between neural-level and behavioral-level changes reported by
neurofeedback and intervention studies may suggest that habituation of virtues shall be one of
the main purposes of moral education as virtue ethicists proposed.

Of course, some may argue that the mechanism of habituation presented in neuroscience
is not necessarily identical to habituation of virtues, but more likely to be mere habituation of
behavior. Although many neuroscientific experiments have employed relatively simple
experimental paradigms, some studies can provide information about the mechanism of virtue
habituation. Recent neurofeedback research has demonstrated that higher-order social cognition,
including theory of mind, self-related processes, and perspective taking, which are fundamental
in moral functioning (Kristjansson et al. 2021), can be promoted at the neural-, psychological-,
and behavioral-levels (Imperatori et al. 2017; Valk et al. 2017). Also, from the philosophical
perspective, Navarini (2020) proposed that virtue habituation shall be implemented in terms of
both neural- and behavioral-level changes through learning and experience over time. In fact,
Churchland (1998) also argued that acquisition of moral virtues through moral learning resulting
in habituation shall be substantiated by synaptic readjustments at the lower level, and such
readjustments are supposed to constitute changes at the higher level. Given these neuroscientific

as well as philosophical accounts, we may assume that virtue habituation involves functional and
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structural changes in brains, particularly in regions associated with moral functioning, in addition
to long-term behavioral changes.

Second, the other important aim of moral education in virtue ethics, cultivation of
phronesis (Darnell et al. 2019), can be supported by evidence from recent neuroimaging studies
as well. The results from the large-scale neuroimaging data analyses have unequivocally reported
significant association between moral functioning and the DMN (Han 2017). Although the DMN
involves multiple psychological functions (Buckner et al. 2008), the results from the NeuroSynth
decoder may provide more specific information about which psychological functions are
uniquely correlated to moral functioning. The NeuroSynth decoder demonstrated that two main
themes, theory of mind and self-related processes, were most uniquely associated with moral
functioning. Theory of mind is about understanding and inferring others’ mental states and
beliefs properly (Young et al. 2010). Within the context of moral functioning, self-related
processes are about referencing one’s beliefs and values. Such processes are also related with
reflection and deliberation upon existing beliefs (Colby and Damon 1993; Han 2017).

The large-scale neuroimaging evidence may suggest that moral functioning is inseparable
from considerations and deliberations on others (the theory of mind) and oneself (self-related
processes) (Colby and Damon 1993; Young et al. 2010). Furthermore, findings from brain
stimulation studies that disrupted brain regions associated with self-related processes or
mentalizing reported significant changes in moral decision-making and behavior, which also
supports the point (Young et al. 2010; Ruff et al. 2013; Riva et al. 2019). Given these two
functionalities were most strongly associated with moral functioning consistently across
neuroimaging and experimental research, we may assume that these are central and even

fundamental in moral functioning in general.
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From the Neo-Aristotelian perspective, the two functionalities, self-related processes and
mentalizing, can be considered important constituents of phronesis, which is required to render
the most appropriate decision (Kristjansson 2015), and ultimately, optimal moral functioning
(Sanderse 2014, 2020). According to Kristjansson (2015), phronesis is a virtue to “‘deliberate
finely’ about the relative weight of competing values, actions and emotions in the context of the
question of ‘what promotes living well in general’ (p. 88).” For optimal decision making, one
needs to perceive and evaluate external situational factors, including environmental factors as
well as others’ intents and thoughts. This can only be done with well-developed mentalizing
abilities (Bzdok et al. 2012; Kristjansson et al. 2021). Furthermore, one should also be able to
understand and evaluate one’s own beliefs and values well (Kristjansson 2005; Han et al. 2017).
Hence, abilities to understand and evaluate oneself (Noel 1999; Kristjansson 2015) and others
(Kristjansson 2015; Lapsley 2021) are deemed to be fundamentally required for phronesis
(Kristjansson 2015). Consequently, the findings from the large-scale neuroimaging analyses and
experimental studies demonstrating the unique tie between the aforementioned two
functionalities and moral functioning would support the importance of phronesis in moral
functioning in general.

However, there may be a concern that the neuroscience studies cannot shed light on
virtue ethics because they examined ordinary people, not virtuous beings. Although I admit the
point, alternatively, we may refer to several studies that compared the activity and anatomy in
the brain regions of interest, such as the DMN, between different populations. We may
particularly refer to research on psychopathy and human development. It would be plausible to
assume that psychopaths who actively engage in antisocial behavior without affective and

motivational capacities in the moral domain are less virtuous than ordinary people in general
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(Vance and Werner 2022). Also, we may note an argument that virtue development is gradual
(Athanassoulis 2000). If so, then, comparing the brains between psychopaths and ordinary
people, or even within ordinary people at different levels of moral development may provide
useful information.

Previous studies have reported that psychopaths demonstrated significantly lower activity
and more structural deficiencies in the regions associated with moral functioning, e.g., the DMN,
compared with ordinary populations (Raine and Yang 2006; Lenzen et al. 2021). Moreover,
among ordinary populations, participants with more sophisticated moral reasoning, in terms of
post-conventional reasoning, showed higher gray matter thickness in the regions (Prehn et al.
2015). Thus, these results may inform the neural-level aspects of “more virtuous beings” at least
indirectly.

Bayesian Learning Rule and Moral Learning

Recent research in computational neuroscience has proposed that learning in brains
follows the Bayesian rule (O’Reilly et al. 2012; Cushman et al. 2017; see supplementary
materials for further details about the rule). Various learning models proposed in computational
neuroscience, particularly the reinforcement learning model, which is frequently applied to the
modeling of learning social cognition including moral cognition, are commonly based on the
Bayesian rule (Hackel and Amodio 2018). Through the Bayesian learning process, we adjust our
beliefs, which are used to predict what would happen in the future. In an ideal situation, well-
adjusted beliefs are likely to minimize prediction errors, the differences between predictions and
actual outcomes, and to help us prepare future situations more effectively and quickly. If what
actually happens contradicts our prior beliefs, and thus our prediction, then we adjust the beliefs

based on the prediction error (Kim et al. 2020). However, adjusting our beliefs and improving
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prediction accuracy do not necessarily minimize the future errors, and thus, produce ideal
outcomes in all instances. One major concern is overfitting (Babyak 2004). Overfitting occurs
when our beliefs are overly adjusted by inputs from a very specific domain. In such a situation,
the overfitted prediction model may accurately predict outcomes within the specific domain;
however, prediction accuracy significantly worsens when predicting novel situations outside of
the domain (Han et al. 2020).

Although overfitting is a significant problem in learning, we may employ regularization
during the learning process to address it (Zou and Hastie 2005). To understand this mechanism
better, how regularization occurs in deep learning will be overviewed. While conducting the
deep learning, which simulates the neural network system to construct a prediction system in a
computational manner, regularization is commonly employed to prevent overfitting (Han et al.
2020). It is used to adjust the extent to which inputs affect the adjustment of the weights of
neurons, which are related to the belief-updating mentioned previously. This mechanism of the
neural network system is also applicable to moral learning as well. Churchland (1998) referred to
the neural network model to explain how learning of moral knowledge and virtue occurs at the
neural level. According to his explanation, one acquires moral knowledge and virtue by training
a neural network through observations, reinforcements, and weight adjustments.

Without regularization, inputs directly determine weights, and eventually, updated
outputs. In such a case, inputs from a limited domain completely determine the weights, so the
whole neural network becomes overfitted to such limited inputs and cannot predict incidences
outside of the domain accurately (Han et al. 2020). The mechanism of regularization alleviates
such an issue by downregulating the influences of the inputs on weight adjustment. While

training a neural network, one can determine regularization parameters, which regulate to what
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extent inputs contribute to weight adjustment. The determined regularization parameters
influence the overall performance of a trained neural network, prediction accuracy as well as
robustness against overfitting (Epskamp and Fried 2018). Hence, how to determine the
regularization parameters becomes an important matter in the learning process. Once the
regularization parameters are properly determined, the trained neural network should be able to
predict outcomes accurately within as well as outside of the domain of provided inputs, as it is
not overfitted to the inputs.
Similarly, in the reality, humans also employ regularization when they adjust their prior

beliefs while encountering situations that challenge and contradict the beliefs. For instance, in a
recent empirical study, psychologists examined how scholars change their prior beliefs about
effects of experimental manipulations in psychological studies after being presented with
evidence challenging the beliefs from replication studies (McDiarmid et al. 2021). They
predicted to what extent the researchers were likely to change their prior beliefs with Bayes
theorem. The observed adjustment of prior beliefs was significantly smaller than what was
expected by Bayes theorem, although the prior beliefs were updated somehow. It may suggest
that beliefs are not directly and completely influenced by external inputs, so the influences from
such inputs perhaps are attenuated through regularization.

Implications of Learning Mechanism based on Bayes Rule on Virtue Ethics-based Moral

Education
The aforementioned Bayesian learning rule may provide additional support to the Neo-

Aristotelian model of moral development at the neural level given its conceptual similarity to the
Neo-Aristotelian model. Thus, it may provide insights about what shall be pursued by moral

education as well. Now, I will focus on two aspects in the Bayesian learning rule, which has



21

significant connectivity with the Neo-Aristotelian model. First, setting prior beliefs is associated
with habituation in virtue ethics. Second, the importance of phronesis can be considered within
the context of regularization and its parameter determination.

First, the importance of prior formulation in the Bayesian learning mechanism may
suggest the importance of early habituation and internalization of desirable moral virtues and
values proposed in Neo-Aristotelian moral education. Within the Bayesian framework, learning
occurs in terms of Bayesian updating of priors, prior beliefs that one possesses before observing
data. Through data observation, prior beliefs are updated following Bayes theorem and then
eventually become posterior beliefs. Although observed data updates the prior beliefs, the prior
beliefs per se also significantly influence the posterior beliefs. For instance, if prior beliefs are
strongly biased to direction A, then observing data that promotes updating toward direction B is
less likely to change the prior beliefs compared with when the prior beliefs were less biased. In
fact, when Bayesian inference is conducted, the outcome is sensitive to prior beliefs (Sinharay
and Stern 2002). Also, use of appropriate priors in Bayesian inference is a way to minimize a
potential bias (Han 2022). Such a point suggests that setting up prior beliefs is very important to
produce desirable outcomes at the end of the Bayesian learning process.

Such a point can be applicable to moral education if the formation of one’s moral beliefs
and perspectives also follows the Bayesian learning mechanism (Kim et al. 2020). Let us assume
that experiences gained through interactions with external circumstances (e.g., peer interactions,
educational activities) constitute observed data for Bayesian learning (Cushman et al. 2017).
Then, the prior beliefs correspond to prior moral beliefs and views that one previously possessed.
If the quality of priors (e.g., biasedness) significantly influences the posterior beliefs, then within

the moral domain, possessing morally appropriate prior beliefs would become important for
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optimal developmental outcomes. From the Neo-Aristotelian perspective, it can be explained in
terms of successful habituation and internalization of desirable moral virtues and values
(Sanderse 2020). Regarding this point, Navarini (2020) suggested that neuronal tracing occurs
when one involves continuous virtue learning and then shapes internalized virtuous habits. Such
neuronal tracing promotes the likelihood of virtuous action at the end.

If one successfully habituates and internalizes moral virtues during their childhood, then
they become optimal priors, which contribute to the eventual formation of optimal posteriors
(Kristjansson 2013). On the other hand, if one is exposed to and internalizes extreme and biased
values and views, then they are likely to constitute suboptimal prior moral beliefs. Although
long-term updating of the priors may lead to less biased posteriors, compared with the case when
the ideal priors were formed, it would be difficult to promote optimal developmental outcomes
with presence of biased priors (Sinharay and Stern 2002). As early prior formulation
significantly influences eventual posterior outcomes, early habituation of virtues may also
significantly determine the eventual moral developmental outcome.

Furthermore, the regularization mechanism in Bayesian learning may support the
importance of cultivation of phronesis as an aim of moral education. The neural network
example illustrated that regularization parameters should be carefully determined as they are
responsible for the extent that external inputs influence the adjustment of neural weights, which
significantly determine posterior beliefs. Determining regularization parameters is critical in
minimizing both under-fitting and over-fitting of the prediction model (Zou and Hastie 2005;
Epskamp and Fried 2018). This mechanism is also applicable to human learning processes
(McDiarmid et al. 2021). Posterior moral beliefs are not merely updated from their prior beliefs

with external inputs, such as moral lessons, interactions with close others, etc. If we completely
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update our moral beliefs with external inputs, then our moral system is likely to be overfitted
with inputs from neighboring environmental factors. Of course, our moral system can address
familiar situations intuitively and cost-effectively if the system was well trained with familiar
inputs (Greene 2014). However, as Greene (2014) argued, if our judgment system is overfitted
with a specific set of values and we tend to make judgments based on such values, then we are
likely to render inappropriate decisions when we are dealing with unfamiliar situations,
particularly when we encounter conflicting diverse values and perspectives. Thus, in moral
learning, regularization is required to prevent such an overfitting issue within the moral domain.
The regularization process during moral learning requires very sophisticated parameter
adjustment for optimal learning outcomes. Let us consider some illustrative examples. On the
one hand, in some instances, we may need to update our prior beliefs and prediction system in
the moral domain radically. Let us imagine ordinary people in a totalitarian country encountering
radical but morally justifiable arguments, such as a call for human rights. From their
perspectives, the aforementioned input, a call for human rights, is perceived to contradict their
prior moral beliefs radically. However, if we consider what the morally appropriate action to take
in such a situation is, they shall adjust their prior beliefs, and thus, also significantly update
prediction systems affecting moral motivation and behavior based on the input. On the other
hand, in some cases, we shall not update our beliefs and prediction system based upon
contradicting inputs. For instance, an appropriate way to deal with extremist views is one
example. Although the extremist views have become prevalent in modern society, if we adjust
our prior beliefs with such inputs directly, it may end up with an increase in extremist behavioral
tendency eventually. Instead, impacts from such extremist views shall be attenuated through the

regularization mechanism during the moral learning process.
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These two illustrative examples suggest that: first, our moral beliefs are not and should
not be merely and passively updated by external inputs; and second, we need to determine to
what extent our posteriors are updated with such inputs depending on contextual factors. If our
moral system is directly and completely altered by external inputs as is a neural network without
regularization, then we are likely to make inappropriate decisions particularly when we
encounter unfamiliar situations due to overfitting. These two points substantiate the importance
of determining and tuning the regularization parameters in moral learning processes for optimal
moral learning outcomes.

One difficult point is that we need to determine our regularization parameters in moral
learning very carefully across different situations as shown in the two illustrative examples. That
says, for optimal moral learning, one must be capable of finding out the most appropriate
regularization parameters depending on situational and contextual information. Consequently,
one should possess sophisticated practical wisdom to be able to do so as proposed in virtue ethics
(Kristjansson et al. 2021). Given ourselves, not others, should determine the parameters, we need
to possess well-developed practical wisdom. Because optimal moral learning could not be
achieved without sophisticated practical wisdom to identify the optimal regularization
parameters, cultivation of phronesis, which is underscored by virtue ethicists, should be a central
aim of moral education. In fact, this point is consistent with De Caro et al.'s (2021) argument that
phronesis is a sort of ethical expertise formed through education and training. Through
cultivation of phronesis, we can optimize moral learning across different situations by
appropriately adjusting regularization. With such optimized regularization and moral learning,
eventually, we can perceive external inputs, and then, update our beliefs and moral system

appropriately.
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Although the weight adjustment mechanism may provide useful insights to understand
the theme of phronesis cultivation better, we also need to consider an issue related to this matter.
As shown by McDiarmid et al. (2021), it is practically difficult to induce radical posterior
adjustments when such adjustments are deemed to be appropriate and needed (e.g., promoting
views supporting human rights in a totalitarian society). Then, although cultivation of phronesis
for appropriate weight readjustment may be the ideal solution in this case, for ordinary students,
who are unlikely to possess sophisticated phronesis, doing so is very challenging in fact. To
address this issue, we may refer to education based on communities and exemplars, which is also
supported by virtue ethics (Kristjansson 2015). If students can be frequently exposed to moral
community members and exemplars, they can provide the students with moral inspirations in a
continuous manner (Curren 1999), so such continuous stimulations will induce more vigorous
posterior updates as well as eventual cultivation of phronesis (De Caro et al. 2018). In such a
case, although a one-time radical adjustment would not occur, the posterior beliefs will
eventually be updated in a virtuous way thanks to continuous stimulations and updates.

Consequently, the Bayesian learning mechanism proposed in neuroscience, which
employs regularization for weight adjustment, may support another important theme of virtue
ethics-based moral education, cultivation of phronesis. Without well-cultivated phronesis, neither
rendering the most appropriate decision within a given situation nor optimal moral learning with
proper regularization, which is required for moral development, could be achieved (Sanderse
2014; Kristjansson et al. 2021).

Concluding remarks
In this paper, I overviewed neuroscientific studies of moral functioning to examine what

shall be pursued in moral education with ideas from virtue ethics, Neo-Aristotelian in particular.
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Two streams of neuroscientific studies have been overviewed: first, large-scale neuroimaging
analyses and experimental studies examining the neural activity patterns of moral functioning;
and second, a neurocomputational approach to moral learning based on the Bayesian perspective
and regularization. Regarding neuroimaging and experimental studies, I proposed that novel
methodologies can address limitations in conventional neuroimaging studies. Large-scale
neuroimaging analyses and network-based approaches allow researchers to address issues related
to mere localization of psychological functioning and to identify the unique neural-level
mechanism of interest. Experimental studies, such as neurostimulation, neurofeedback, and
intervention studies, can examine causal relations between brain regions or circuitries and
psychological functioning of interest. Furthermore, the mechanism of Bayesian learning with
regularization in brains can provide us with useful insights about how moral learning and
development occur.

Accordingly, two main themes regarding moral education in virtue ethics, early
habituation and cultivation of phronesis, have been considered to be supported by evidence in
neuroscience. First, the importance of habituation and internalization of virtues in moral
education can be supported by evidence from neuroscientific experiments and the Bayesian
learning mechanism. Evidence from experimental studies suggest that habituation through well-
designed continuous exercises will produce significant changes in both brain functioning and
structures, and behavioral outcomes reciprocally. Moreover, the importance of prior beliefs in
Bayesian learning underscored that establishing appropriate prior beliefs is fundamental to
promote optimal learning. Early habituation of virtues and values are necessary to found one’s
prior beliefs upon morally appropriate values so that one can have desirable posterior beliefs in

the long run.



27

Second, given evidence from large-scale neuroimaging analyses and the Bayesian
learning mechanism with regularization, cultivation of phronesis shall also be emphasized as a
goal of moral education. Findings from large-scale meta-analyses of neuroimaging studies of
morality, including those from NeuroSynth and NeuroQuery, demonstrated that both self-related
processes and mentalizing are fundamentally associated with moral functioning after controlling
for the baseline brain activity across diverse task conditions. These two functionalities constitute
the basis of practical wisdom to perceive and evaluate one’s own beliefs and values as well as
external factors, such as others’ intent, and thus, to render the most appropriate decision within a
situation. Furthermore, the regularization process in Bayesian learning suggests that cultivation
of phronesis is also important for optimal moral learning. Well-developed phronesis is necessary
in determining appropriate regularization parameters, which are required for optimal moral
learning across diverse situations.

Although comparison between different philosophical viewpoints is not the central theme
of this paper, let me briefly discuss why the overviewed evidence may best support virtue ethics,
the Neo-Aristotelian perspective in particular, better than others. The most important point to
note is that Neo-Aristotelian virtue ethics underscores cooperation between reasoning and
emotion, and deliberation and habits, which is inseparable from the development of a moral
agent rather than the mere promotion of explicit moral choice or action, in moral functioning and
moral development (Anscome 1958; Jordan and Kristjdnsson 2017). While considering this
point, I shall employ Nussbaum's (1999) argument that merely comparing virtue vs. non-virtue
ethics is misleading since Kantian and Ultilitarian perspectives also embrace several aspects of
virtue ethics. So, anti-Utilitarian (e.g., Kantian) and anti-Kantian (e.g., Utilitarian) perspectives

will be examined. Anti-Utilitarians prioritize reason over passion, so they value habits as moral
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guidance relatively less value. On the other hand, anti-Kantians argue that one’s subjective
motive and desire dominate reason. These two views, compared with the Neo-Aristotelian
perspective, may miss some fundamental aspects of moral functioning. If we solely endorse the
Anti-Utilitarian view while designing moral education, habituation- and affect-related aspects,
which are necessary for moral development given evidence, may be undervalued. If we take the
Anti-Kantian perspective, phronesis-related aspects, which are required for self- and other-
understanding and optimal neural learning, could not be well valued. Compared with this view,
the Neo-Aristotelian perspective, which underscores the coordination of both aspects for
flourishing, is perhaps most consistent with neuroscientific evidence within the context of moral
development and education.

So far, I have discussed two central themes proposed in virtue ethics, habituation of
virtues and cultivation of phronesis, as qualities to be pursued in moral education with evidence
from neuroscience. The evidence may provide useful insights regarding what shall be pursued in
moral development and education. However, I am unable to give a complete answer to the
question, what shall be the purposes of moral education, at this point. The majority of the
introduced neuroimaging studies have addressed general psychological functioning, which is
perhaps indirectly associated with morality, instead of moral functioning directly. Particularly,
they have not delved into concepts proposed in virtue ethics, (habituation of) virtues and
phronesis, so they might be able to provide only partial supports to my points. To understand
how neuroscience supports ideas regarding purposes of moral education proposed by virtue
ethics better, it would be necessary to conduct additional neuroscientific studies that directly

address themes related to virtue ethics, particularly virtue habituation and phronesis.
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Supplementary Materials
Methodological Further Details

NeuroSynth and NeuroQuery

NeuroSynth and NeuroQuery, online-based automatized tools to meta-analyze and
synthesize large-scale neuroimaging database (Yarkoni et al. 2011; Dockes et al. 2020), allow us
to get information about “|Data,” brain activity data cross diverse functional domains, and thus,
to conduct reverse inference in a more reliable and valid way (Poldrack 2011). Such tools
provide researchers with analysis results with an option to explore P(Hypothesis|Data).
NeuroSynth generates a reverse inference map demonstrating which regions are particularly
associated with a specific keyword entered to the tool while controlling for the baseline brain
activity, which is extracted and estimated from large-scale database (Yarkoni et al. 2011).
NeuroQuery is an online tool to explore the neural correlates of interest with large-scale online
database through machine learning (Dockes et al. 2020). With the machine learning technology,
NeuroQuery presents a likelihood map demonstrating which brain regions are most likely to be
associated with the entered keyword.

NeuroSynth decoder

For each keyword representing a specific psychological functioning, NeuroSynth already
created an activation likelihood image, which demonstrates brain regions showing significant
activity associated with the specific psychological functioning after controlling for baseline brain
activity. With the aforementioned image database, once a user provides an input image to the
decoder, it examines which keywords show the most significant correlation with the input image.
Given the decoder provides information about the correlation between psychological

functionalities of interest at the neural level after considering the base brain activity across all
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possible task conditions stored in the large-scale database, it would also be capable of alleviating
the reserve inference issue. With the NeuroSynth decoder, I examined which psychological
functionalities other than moral functioning showed the most significant correlation with moral
functioning at the neural level.

For input images, I created meta-analyzed images reporting the common neural correlates
of moral functioning. In this process, I used four different meta-analysis results: the result
reported in Han’s (2017) meta-analysis!, NeuroSynth? and NeuroQuery?® with a keyword
“moral”, and the result of activation likelihood estimation meta-analysis with coordinate
information gathered from BrainMap* with a keyword “moral.” When these four result images
were entered to NeuroSynth decoder, interestingly, I was able to see that several keywords
reported highest correlation coefficients commonly across four cases. When keywords related to
brain regions and circuitries (e.g., “medial prefrontal”) were excluded, keywords related to the
theory of mind (or mentalizing) and self-referencing (or autobiography) showed highest
correlation coefficients in all four cases.

Neurofeedback

One of the most widely tested psychological functionalities with the neurofeedback

paradigm was self-regulation. While undergoing the neurofeedback intervention targeting the

! Decoding result with Han (2017) available at https://neurosynth.org/decode/?neurovault=544822

2 Decoding result with the NeuroSynth map available at https://neurosynth.org/decode/?neurovault=442007

? Decoding result with the NeuroQuery map available at

https://neurosynth.org/decode/?neurovault=442779

4 Decoding result with the BrainMap meta-analysis map available at

https://neurosynth.org/decode/?neurovault=505936
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improvement of self-regulation, participants were provided with real-time feedback about
whether they need to up- or down-regulate their emotional arousal and cognitive response
(Koush et al. 2015). The feedback information was formed by activity in brain regions or
networks associated with self-regulatory functionalities, such as the DMN regions (McDonald et
al. 2017). When activity in such regions or networks of interest deviates from the desirable level,
a message requesting participants to up- or down-regulate the functionalities of interest
accordingly (Watanabe et al. 2017). Through the neurofeedback training, participants were able
to learn how to regulate their emotional and cognitive processes to maintain the appropriate level
of arousal.
Results from Previous Neuroscientific Studies
Results from large-scale neuroimaging analyses
When a keyword “moral” was entered to NeuroSynth, the resultant map

(https://neurosynth.org/analyses/terms/moral/) demonstrates that brain regions located within the

default mode network (DMN), which is associated with social cognition and self-related
processes (Han 2017; Koban et al. 2021), were particularly associated with “moral.” The similar
pattern could also be observed when the keyword “moral” was entered to NeuroQuery

(https://neuroquery.org/query?text=moral+).

In addition, I also employed a decoder, an additional feature implemented in NeuroSynth,
to explore the neural activity patterns significantly and uniquely associated with moral
functioning. NeuroSynth decoder enables us to explore which keywords are most likely to be
associated with an entered statistical image (Yarkoni et al. 2011). When keywords related to
brain regions and circuitries (e.g., “medial prefrontal”) were excluded, keywords related to the

theory of mind (or mentalizing) and self-referencing (or autobiography) showed highest
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correlation coefficients in all cases. The results may suggest that the neural circuitries and
psychological processes related to morality and moral functioning are uniquely associated with
the theory of mind and self-related processes.

Results from studies employing network-based approaches

There are two widely used analysis methods to examine brain networks of interest,
instead of specific brain regions. First, the psychophysiological interaction analysis demonstrates
which brain regions are interacting with each other under a specific task condition (Friston et al.
1997). Moreover, connectivity analysis methods have been widely used to examine how activity
in different brain regions are associated serially (Caceda et al. 2011).

In the field of research on neuroscience of morality, there have been several previous
neuroimaging studies that employed such network-based approaches. In fact, when the neural
correlates of moral functioning were examined in recent studies, their findings suggested that
such neural correlates could not be localize in specific brain regions, such as the prefrontal cortex
(Moll et al. 2007). Alternatively, they proposed that the correlates were dispersed across the
multiple different brain regions. Consistently, functional neuroimaging studies and meta-
analyses have also reported that multiple brain regions, particularly those within the DMN, were
closely associated with moral functioning (Bzdok et al. 2012; Sevinc and Spreng 2014; Boccia et
al. 2016; Garrigan et al. 2016; Han 2017; Eres et al. 2017). Thus, if we solely focus on specific
locations of a brain while examining the neural-level nature of morality, then evidence acquired
from such attempted could be misleading.

Previous studies employing these methods have demonstrated that brain regions in the
DMN are functionally connected with each other in the moral task conditions (Céaceda et al.

2011; Pujol et al. 2012). Furthermore, the DMN regions related to self-related processes were
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found to be interacting with other brain regions related to cognition, emotion, and motivation
within the context of moral functioning (Han et al. 2016).

Results from experimental studies

Several experimental methods in neuroscience at least partially enable us to examine
causality between activity in specific brain regions or networks and psychological functionalities
of interest. Such methods include the neurostimulation, neurofeedback, and neuroscience-
informed intervention (Bestmann and Feredoes 2013). Given education, including moral
education, is primarily concerned about how to promote one’s development and growth through
educational activities (Yeager and Walton 2011), it would be important to address the causality
issue if we intend to learn from neuroscience for improving education. Thus, overviewing
findings from such experimental studies may provide us with useful insights about mechanisms
associated with learning and development, which are fundamental in educational research.

Neurostimulation would be one possible way to examine the causal relation. The
Transcranial Magnetic Stimulation (tMS) and Transcranial Direct Current Simulation (tDCS) are
the most representative neurostimulation methods (Young et al. 2010; Riva et al. 2019). Because
the stimulation methods are non-invasive and non-surgical, they have been widely utilized in
neuropsychological studies (Bestmann and Feredoes 2013). These methods allow researchers to
alter neural activity in a specific brain region or circuitry with a magnetic field (tMS) or direct
electric current (tDCS). Through the stimulation, we can provoke or disrupt brain activity
temporally, and we are able to examine a causal relationship between the brain region or network
of interest and a psychological functioning of interest (Bestmann and Feredoes 2013).

The neurostimulation methods have been widely employed in neuropsychological studies

examining the neural mechanism of moral functioning. For instance, disrupting activity in the
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prefrontal cortex significantly altered participants’ socio-moral decision making and norm
compliance (Ruff et al. 2013). Also, when the temporoparietal junction, which is a part of the
DMN and associated with mentalizing, was stimulated by the tMS, participants’ tendency to
infer one’s moral intent within moral dilemmas significantly changed (Young et al. 2010). In this
study, authors presented different types of stories (intentional harm vs. intentional no harm vs.
unintentional harm vs. unintentional no harm) and how participants’ judgment (i.e., forbidden vs.
permissible) changed when the tMS was applied. In addition, applying the tDCS on the medial
prefrontal cortex significantly altered one’s deontological versus utilitarian moral judgment
(Riva et al. 2019). Riva et al. (2019) employed moral dilemmas in two different types, the
Trolley-like and Footbridge-like dilemmas, to examine extent to which participants render
utilitarian decisions.

The regions stimulated in these previous studies overlap the regions and circuitries found
in the aforementioned large-scale neuroimaging meta-analyses, such as the DMN (Lou et al.
2010) (see Figure S1 for information about whether the tMS and tDCS were applied in the two
studies). The evidence from neurostimulation studies may support the causal relations between
activity in the stimulated areas and moral functioning. Thus, we may assume that psychological
and behavioral processes within the moral domain might be moderated and regulated by neural

activity in the aforementioned regions and circuitries.
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Figure S1

Default mode network and regions targeted in Riva et al. (2019) and Young et al. (2010).

Note. Red: the default mode network identified in Doucet et al. (2019). Purple: the medial

prefrontal cortex region stimulated by the tDCS in Riva et al. (2019). Green: the temporoparietal
junction stimulated by the tMS in Young et al. (2010). 3D images generated with xjview (Cui et

al. 2015).
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One point that we may consider is that these previous studies targeted brain regions
associated with moral functioning, particularly Riva et al. (2019) and Young et al. (2010),
actually altered such a functioning, not general cognitive functioning. That says, the significantly
altered responses from participants during the moral task conditions were not necessarily
attributable to disruption of general cognitive capacities, which may be independent from moral
functioning. For instance, in Riva et al. (2019), the examine the association between extent to
which participants’ utilitarian decision-making tendency was altered by the tDCS and their
demonological intent. If the disruption of the region of interest influenced general cognition
rather than cognition specific within the moral domain, then, the aforementioned tendency
should be consistent regardless of one’s own deontological intent. Furthermore, Young et al.
(2010) demonstrated that participants’ mentalizing was differently altered by the tMS across
different task conditions. The greater change occurred when presented stories implied intentional
harm compared with when stories were about either intentional no-harm, unintentional harm, or
unintentional no-harm. Given intent and harm are both fundamental aspects within the moral
domain (Cushman and Young 2009), the result might support the same point that the brain
stimulation resulted in the disruption of moral functioning instead of domain-general cognitive
functioning. Similar to the case of Riva et al. (2019), if the tMS altered general cognitive
capacities, then the significant rate changes should also be observed in other conditions as well.

Neurofeedback studies can also provide additional evidence supporting causality.
Neurofeedback applies real-time neuroimaging techniques to provide participants with
information about how to regulate targeted psychological processes (Fede et al. 2020; see
supplmentary materials for methodological further details). Previous studies employing

neurofeedback reported not only significant changes in activity in brain regions associated with
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aimed functionalities during the intervention session, but also long-term improvement in such
functionalities (Hohenfeld et al. 2017). The findings may suggest that if we can properly identify
brain regions or circuitries associated with psychological functionalities of interest, we can
improve the functionalities even in a long-term through neurofeedback. Thus, it would be a
possible way to support a causal relation between brain regions or circuitries and psychological
functionalities.

Furthermore, evidence from neuroscience-informed intervention studies aiming at
promoting specific behavioral outcomes, such as moral behavior, can also be considered. For
instance, Han et al.'s (2017) moral exemplar intervention study was informed by meta-analysis of
fMRI studies focusing on moral functioning. Based on the meta-analysis finding that self-related
brain regions, the DMN in particular (Han 2017), are significantly associated with diverse moral
functioning, Han et al. (2017) hypothesized that the perceived connectivity between participants
and presented exemplars would affect motivational outcomes. They found that close moral
exemplars were more effective in motivating students compared with distant exemplars. The
finding may support a point that an understanding of brain functioning can be used to inform
educational interventions aiming at promoting desired behavioral outcomes. If such
neuroscience-informed interventions work as intended, the fact may at least partially support a
causal relation between brain activity and psychological functioning. Plus, it may also suggest
that neuroscience can inform education, including moral education.

Additionally, trainings and interventions aiming at behavioral changes have also been
known to induce changes in the structure and functioning at the neural level (Johansen-Berg
2012). It may support the point that brain activity and psychological or behavioral functioning

may causally and reciprocally influence each other. For instance, a longitudinal neuroimaging
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study demonstrated that participation in long-term training programs addressing various aspects
of socio-affective and cognitive processes (e.g., mindfulness, compassion, perspective taking)
induced significant structural changes in brain regions associated with the targeted processes
(Valk et al. 2017). Across diverse domains of affective, cognitive, and motivational processes,
psychological training programs have significantly affected the brain structure, connectivity, and
functioning in regions associated with the aimed processes (Lampit et al. 2015; Tymofiyeva and
Gaschler 2021). Such evidence unequivocally suggests that well-designed trainings are capable
of inducing changes at the motivational, behavioral, and even neural levels when the trainings
are performed in a long term.

Bayes rule

That says, we, humans, have prior beliefs (H) in a specific domain, which is being
updated by observed data (D). Once data is observed, the prior beliefs are updated into posterior
beliefs following Bayes Theorem (Han and Park 2018):

P(H)P(D|H)
P(D)

P(H|D) =
where P(H) is the probability distribution of prior beliefs and P(H|D) is that of posterior
beliefs. When we observe data, D, which is consistent with our prior beliefs, H, then the
posterior beliefs are intensified accordingly. On the other hand, if D contradicts H, then the
posterior beliefs become weaker.
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! Kristjansson and Fowers (2022) employed the example of decathlon to explain how the concept of
phronesis, practical wisdom, plays fundamental roles in optimal moral functioning. Given phronesis is associated
with how to render the best decision in a given situation, it is inseparable from considering multiple complex
conditions as well as organizing the coordination of virtues and values. These aspects of phronesis are similar to the

nature of decathlon, which requires its players to well organize cooperation of diverse athletic skills across different
subjects depending on situational factors instead of merely focusing on individual subjects.



