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Appendix 1
A Response to the Claims of Emergent Rationality by Non-reductive
Materialism.1784

a)

Non reductive materialism asks the wrong question.

The advocates of emergence pose the questions “What is a human being?” and
“How did human beings become like this?” Both questions focus on the
assumption that the central questions are essential rather than existential.

The emergent approach adopts a scientific method and therefore takes existence
as a given. But human existence is demonstrably contingent so we cannot dodge
the existential question.

Therefore these questions are mistakenly framed. They ought to ask “What is a
human being?” and “In what way do human beings have existence?” The first
question is essential; the second existential.

b)

“What is a human being?”

The advocates of emergence presuppose that human rationality is on a continuum
of development with the intelligence of animals. Yet the more evident the gap
between human beings and the highest animals, the more difficult it is to accept
the non-reductive materialist presupposition.1785 We do well to listen to Martha
Nussbaum’s advice to attend carefully “to the complex materiality of living
things.” 1786 Human rationality is of a patently different order to the intelligence of

1784

This non reductive materialist position is compatible with a belief in a theistic creation.
Theistic, non reductive, materialism asserts nevertheless that all that man is now, including his
existing now, comes to him by an evolutionary pathway.
1785
In conversation with me in October 2012 Tim Chappell agreed with this. Chappell holds a
theistic, non-reductive, materialist position.
1786
Martha Nussbaum and Hilary Putnam, “Changing Aristotle’s mind,” 56.
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animals and it appears unscientific to support the view that human rationality
emerges from matter.

We human beings know ourselves and understand the world in which we find
ourselves because of our capacity to know universal ideas and reason with them.
We can both act in the world and stand above that world. Our agency is of a
different order to the limited freedom that animals enjoy; our choices can be
motivated by intangibles. We can respond to what is not immediate and sensible;
no animal has this capacity. Moreover our capacity to find fulfilment in idealistic
dedication to another is not instinctual but a choice. In a similar way, our capacity
to fulfil the will of another is not the result of training alone but of training and
choice. We are our own masters. This phenomenon is without parallel in the
animal world.

It is sometimes argued that our capacity for language is a sophisticated
development of the language of animals, that our capacity for communication
reached a tipping point and that human development from that point forwards
accelerated. Yet the gulf between animals and humans remains, and even if the
bridge were crossed, the apparent contingency of our being creates a further and
insuperable challenge.

c)

“In what way do human beings have existence?”

All that we see around us is contingent. Contingent things cannot be self
explanatory so how is it that they exist? How is it that they come into existence
and are sustained in existence?

It is a very different thing to ask how a planet was made, from asking for an
explanation of how a planet has existence. To focus just on how things became
can miss the significance of the fact of current existence. Contingency requires an
abiding existential causality.
568

Contingent living things seem to be a further category of existent, 1787 but human
life appears to be of another order all together. Aristotle argued that the human
capacity for knowledge and for love based on informed choice bespeaks a
dimension in human nature of non-materiality.

Rationality can neither be possessed by matter nor be bestowed by matter. Both
would be dualistic solutions failing to explain the profound unity in human nature.
Therefore the only alternative is that human nature participates in a principle of
being. Aristotle called this the “rational principle”. There can be no other solution.
Aquinas concluded that this non-materiality consists in a personal, abiding,
participation in rational life. Human beings enjoy a personal, rational identity,
something that matter cannot bestow.

The inevitable conclusion is that human participation in being is of a different
order to that of animals. Human beings have the capacity to understand their
world, and at the same time, to stand above it, to seek fulfilment in elective,
loving relationships with other rational beings. Rationality transcends the material
world. It can neither be derived from it nor find fulfilment in the merely material.

Our capacity for rational life, to make love-choices about what we know,
characterises the very being in which we share. Again apply the Martha Nussbaum
principle of close observation of reality. Because we share in this capacity to love,
inescapably we must conclude that we have been created by a personal being
who knows and loves us, and furthermore that, with our abiding participation in
rational life, we are invited to respond to this Loving One.

As our principle of rational identity is not derived from matter, it would appear
that we transcend death although how this will happen is unclear. Aristotle
suggested that the soul is immortal but that man loses his personal identity after
1787

Nevertheless there seems to be no rational objection to the statement that vegetative and
non-human animate life are emergent from matter.
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death. Aquinas however concluded that this individuated, rational participation
continues after decomposition of the body.

The view that we participate in being should not be understand as an artificial
construct, an inadequate model that raises more questions than it answers. It
seems clear that neither an emergent solution nor a dual substance solution
provide satisfactory answers. The big question of existence may be answered only
by close attention to reality. 1788 (See also 5.4.2.3.)

d)

The question of fulfilment.

There is a third question that must be asked: “What fulfils human beings?”

The answer to this question must be utterly different depending on whether one
just asks essential questions, or whether one asks also the existential question.

Advocates of emergent rationality who ask the essential questions define human
beings as free agents, able to know themselves, to know the world, and to choose
whatever course is preferred. The emergent view bestows purpose on life. It is
difficult, from this position, to demonstrate an objective purpose in life.

But if we answer the existential question we discover the purpose in life by
knowing ourselves to share in the life of one who knows and loves us. This is an
acceptance of the truth of participated being, a recognition that one cannot be
fulfilled in isolation, and that one is fulfilled by the use of rationality to know and
love other persons, first of all in knowing and loving the Loving One in whose
being one shares and to whom one owes one’s all.1789

1788

Martha Nussbaum and Hilary Putnam, “Changing Aristotle’s mind,” 56.
This view underpins the philosophical writing of Benedict XVI.”Our nature is constituted not
only by matter but also by spirit and as such is endowed with transcendental meaning and
aspiration.” Benedict XVI, Charity in Truth (original title: Caritas in Veritate), (San Francisco:
Ignatius, 2005), 48.
1789
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In the Aristotelian and Thomistic understanding, virtue is a necessary means to
objective wellbeing. The personal excellence of virtue is ordered to fulfilment in
personal love. When fulfilment is framed in purely subjective terms, when
relationships with other persons becomes an optional extra and unabashed self
interest a viable alternative, there can be little room for virtue.

e)

Why has the existential question been neglected?

I argue that the existential answer is the most important answer of all. If so much
hinges on correctly framing and answering the existential question then the
current debate in philosophy of mind must rediscover the existential question. It is
essential to identify issues which cloud the discussion. I suggest causes for neglect
of the existential question, and the seeds of its reemphasis, lie in the following:


Aquinas, writing for another age where the Pauline vision of participated
existence “in him we live and move and have our being”1790 was not
questioned, gave great emphasis to the soul even in the embodied state.
Perhaps this was because primarily he was writing theology, and so gave
importance to man’s transcendence of the material world, and to personal
responsibility for one’s soul. Nevertheless, emphasis on soul as an entity in
itself rather than as a principle of participation in rational life, has served
to mask Aquinas’s doctrine of participation and has possibly contributed
to a widespread misunderstanding of the notion of form.



Kant argued that existence is not a property: “Being is evidently not a real
predicate, that is, a conception of something which is added to the
conception of some other thing.”1791 This has dissuaded philosophers from
engaging with the question of existence, yet Kant fails to consider
contingence as such, as well as notions of being and participated being.

1790

Acts 17:28.
I. Kant, The Critique of Pure Reason, Chapter 12. He states, “All our knowledge of existence
belongs entirely to the sphere of experience.”
1791
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1792

He appears to consider whether being can be considered a quality of

a substance but is silent on being as the principle of existence.


In contemporary analytical circles there has been a Wittgensteinian bias
against metaphysics. The simple logic that underpins the conclusion of
participated being must be affirmed.



Certain teachings of Aquinas have been misinterpreted by his
commentators. At times English translations have not helped either.1793
Only in recent decades have modern commentators rediscovered the
primacy of existence in Aquinas, emphasised his doctrine of participation,
and given recognition to the Platonic sources of much of his thought. 1794



In major sectors of the fragmented, contemporary, Christian world there
is a distrust of philosophy in the service of faith: Orthodox theology was
bypassed by the insights of Aquinas, and the reformers in emphasising
faith unintentionally contributed to a distrust of human reason.
Philosophers have failed to recognise that participation in existence is a
crucial underpinning for an anthropology accommodating Christian belief.



Modern philosophy has largely bypassed the existential question caught
up with the pressing challenges of idealism, materialism, and dualism.



The growth of scientism has opened the door to a non critical acceptance
of physicalist constraints of thought.1795



Physicalist solutions dominate in contemporary neuroscience and
evolutionary biology.

1792

Roger Scruton writes, “I always have trouble with the concept of being (being tempted by
Kant's view that it is not a concept) and so these Thomistic arguments don't always spark off
assent in me. However, I do agree that there is a problem about accounting for rationality and the
general difference between man and the other animals, and that in the end we need some kind of
teleological metaphysics to make sense of our condition.” Personal correspondence, 3 November
2012.
1793
For example, esse was often translated in works of Jacques Maritain as “existence” rather than
“act of existence”.
1794
Note for example, the rediscovery of The primacy of existence in Thomas Aquinas by Dominic
Banez (1528-1604), and the work of Etienne Gilson in Being and some philosophers, (Toronto,
1952), of Cornelio Fabro in La nozione metafisica di partecipazione secondo S. Tommaso d’Aquino
(Milan, 1939), and A. Little in The Platonic Heritage of Thomism (Dublin, 1949).
1795
Scientism: a term used by John Paul II denoting the naïve confidence in the capacities of
science.
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Some have accepted the emergent view as compatible with Christianity.
For example, readings of the Christian scriptures can seem to support
emergence. For example, Adam received the “breath of life”, but Eve
received Adam’s rib. This suggests to some that God kickstarted a process
that biology has now taken over. This line of thought misses the fact that
all existence is by participation. Man’s participation in rational life is that
principle whereby he exists in the here and now; wholly material
substances also enjoy an abiding participation in existence. Man differs
from rocks in that his form, his principle of existence, being rational, is
therefore substantial in itself. But we don’t need to go there in this
discussion.
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Appendix 2
A brief introduction to neuroscientific concepts and terminology.
The nervous system is structurally comprised of the central nervous system (CNS)
and the peripheral nervous system (PNS). 1796 Our focus is principally on the CNS
although sensorimotor and autonomic communication utilises also the PNS.
Afferent messaging is from sensory organs and receptors. Efferent information is
outgoing from the CNS.

An anatomic division of the brain: cerebrum, the limbic system, the diencephalon
(thalamus and hypothalamus), cerebellum, brain stem, and reticular activating
system.1797

A functional division of the CNS into seven main parts:


The spinal cord.



The medulla oblongata (the area of the brain stem, the coordinating centre
for vital autonomic functions such as digestion, breathing, and heart rate
immediately at the top of the cord).



The pons (also in the brain stem and sitting above the medulla oblongata)
involved in movement management.



The cerebellum involved in movement and motor skills.



The midbrain (third part of the brain stem) which manages many sensory
and motor functions.



The diencephalon (containing thalamus, which links cerebral cortex to the
CNS, and the hypothalamus). This area is the regulator for autonomic,
endocrine and visceral function.

1796

A highly readable introductory overview of the nervous system may be found in: Carter, The
Brain Book. A concise overview for professionals may be found in: Crossman and Neary,
Neuroanatomy. An illustrated colour text. For an introduction to the anatomy and physiology of
the brain: Swanson, “Basic plan of the nervous system”.
1797
th
Anne M. R. Agur and Arthur S. Dalley II, Grant’s Atlas of Anatomy, 12 ed. (Philadelphia:
Wolters Kluwer, 2009) provides an excellent introduction to anatomy of the head (7.1 – 7.83) and
of the brain (7.84-7.96).
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The cerebral hemispheres consists of an outer layer, the cortex, and three
deeper structures, namely the basal ganglia (BG) which have a key role in
motor activity, the hippocampus which is the centre for memory and the
amygdaloid nuclei which have a key role in emotional response.1798

Neurons are the basic structural and functional units, the cellular building blocks,
of the nervous system. The human brain features some 100 billion neurons and an
estimated 100 trillion axonal connections between neurons.

Neurons are interconnected, bioelectrically active, highly polarised,
communication cells; 1799 they are highly specialised conductors with an
extremely high ratio of surface area to volume, most advantageous for receiving
and transmitting stimuli. 1800 Typically they have highly developed and active
secretory pathways that play a decisive role acting intra and extracellularly at the
synapse, the zone of connection between pre- and postsynaptic neurons. The
synaptic gap is the space between the neurons at this point of junction.

Groups of neurons, or their processes, may be grouped together in the PNS into
cordlike bundles commonly called nerves. Also clumps of neuronal cell bodies,
ganglia, are found especially around the spinal cord and in the CNS, within the
brain.
Neurons have principal components:1801


Cell body including nucleus and various cytoplasmic organelles. The cell
cytoskeleton features microtubules, microfilaments (short filaments some
100x diameter in length). 1802

1798

th

Marieb and Hoehn, Human anatomy and physiology, 8 ed., 431.
See Hof, et al., “Cellular components of nervous tissue,” Chapter 3.For detail concerning
patterns of individual neuronal circuitry.
1800
Siegal and Sapru, Essential neuroscience, Section II, provides a well structured account of the
neuron, its characteristics and function.
1801
For an introduction to cellular neuroscience: Hof, et al., “Cellular components of nervous
tissue,” Chapter 3.
1799
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Dendrites. For each neuron there are multiple dendrites (additional
processes from nerve cell body) which receive synaptic contacts from
other neurons. These have complex branching, the dendritic tree, and
sometimes, on the branches, multiple short protrusions, spines. These
neurite outgrowths have the effect of increasing dendritic surface area.
Usually excitatory contacts are located on spines when they are present.
They have a role in regulation of neurochemical events related to
transmission, and are capable of local synthesis of proteins.



Axon. Normally each neuron has one axon although that axon may itself
develop branches. The axon is the process of the neuron that connects
with and facilitates transmission to the dendritic positioned synapses on
target neurons. In comparison with the cell body proper, the axon can be
of great length. The axon connects to cell body via axon hillock, where an
action potential, or charge, is generated.

Neurons are highly differentiated throughout the various regions of the brain.
They are commonly classified by:
 Function.
 Location.
 The type of chemical neurotransmitter that they synthesise and release.
 Their shape. For example, according to a morphological description of the
cell itself (chandelier, double bouquet, bipolar), or according to the shape
of their dendritic tree.

In addition to neurons, nervous tissue contains neuroglia, cells which,
outnumbering neurons perhaps ten to one, support, functionally assist, and bind
neurons together to other neurons. Neuroglial cells are grouped into microglia
and microglia. Macroglia are most commonly astrocytes which provide metabolic
support and remove excess neurotransmitter secretions, and oligodendrocytes (in

1802

nd

Jenkins et al., Anatomy and Physiology, 2 ed, 72-73.
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CNS), and Schwann Cells (in PNS), both of which synthesise myelin and wrap
themselves around axons, in a process known as myelination. 1803 1804

Messaging in the nervous system is via specialised nerve impulse conduction
from neuron to neuron. Neural conduction requires both chemical and electrical
messaging.


Communication between neural cells is most commonly by chemical
messaging at the synapse. Each synapse consists of the presynaptic
element (on the axon), a cleft or physical gap between cells, and the
postsynaptic element (on dendrite). The active secretory pathways of the
synapse, releasing quanta of neurotransmitter, are a key to the function of
the neuron. Synapses and junctions have localised gatherings of tiny
organelles, synaptic vesicles, with roles in transmitter storage. Synaptic
vesicles are typically refilled with locally produced neurotransmitter (eg
small molecules of acetylcholine (ACh), amino acids such as glutamate) and
reused locally to the synapse.



Chemical messaging received across the synapse opens ion channels into
and out of the cell. Typically there are proteins for the takeup, recycling
and restorage of previously released transmitter molecules.1805



After initial inflow of Na+, further voltage gated Na+ channels are triggered
causing a massive influx of Na+ ions and local depolarisation. For a few
thousandths of a second Na+ enters freely, and if a threshold is reached, an
electrochemical pulse is generated known as an action potential.
Depolarisation activates K+ channels and gradually the system resets. The
electrical impulse carries the length of the cell, and produces a further
synaptic output via the axon, ie chemical messaging to dendrites of
proximate cells. Specifically, it is the rapid increase in Na+ followed by the
slower efflux of K+ which generates action potentials. Currents of Na+ are

1803

Hof, et al., “Cellular components of nervous tissue,” Chapter 3.
th
Saladin, Anatomy and Physiology, 6 ed., 448.
1805
Tortora and Derrickson, Principles of Anatomy and Physiology, 11th ed., 73-76.
1804
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pronounced and transient, whereas the K+ currents are sustained and
gradual; this differential in time generates the action potential.1806 At
Nodes of Ranvier, which occur at approximately every 1mm on peripheral
nerves, there is a high density of Na+ channels causing saltatory
conduction whereby the electrical impulses jump from node to node and
are effectively generated almost simultaneously along length of neurons.


Coinciding with an action potential, Ca2+ second messenger mechanisms
may be triggered within the cell, internally messaging to the nucleus and
effecting genetic transcription and structural changes at the synapse itself.
This is one mechanism by which use dependent pathways are established,
and helping to explain at the neural level how experience and environment
leave a lasting biological footprint.

Neurons may be classified by their electrophysiological characteristics. These
classes admit to rough groupings. There are regular firing cells, generating
successive action potentials one spike at a time. This can be associated with the
phenomenon of decreasing frequency over time, known as spike frequency
adaptation. Also there are cells that generate rhythmic bursts of action potentials
usually through activation of Ca2+ currents. There are cells characterised by short
duration action potentials (<1ms) discharging at high frequencies (>300Hz), and
there are cells that spontaneously generate action potentials at slower
frequencies (1-10 Hz). These are especially associated with neurons releasing
neuromodulatory transmitters such as ACh, norepinephrine, serotonin,
histamine.1807 It will be seen that some of these variants are associated with
effecting structural and functional changes at the synapse.

There are some dozen classical neurotransmitters and dozens of neuropeptides
that function as transmitters. In addition, there are other unconventional

1806
1807

This was first documented by Overton in 1902.
McCormick, “Membrane potential and action potential,” Chapter 6.
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transmitters, essentially any compound that permits messaging from one neuron
to another at the synapse.1808

Neurotransmitters may be classified according to molecular structure: classical,
peptides, dissolved gases, and endocannabinoids (ECs) 1809

1810

or by function

(excitatory or inhibitory).

Neurotransmitters most commonly classified as classical are:


ACh which was the first neurotransmitter to be identified. It is a cholinergic
neurotransmitter that is released at all neuromuscular junctions
stimulating contraction of skeletal muscles. In addition, it is released at all
pre- and post- ganglionic parasympathetic neurons as well as all
preganglionic sympathetic neurons. Its action is excitatory if binding to a
muscarinic receptor and inhibitory if to a nicotinic receptor (nAChR).1811



The biogenic amines made up of the three catecholamines:
o norepinephrine (NE): NE also known as noradrenaline is an
adrenergic hormone acting as a vasoconstrictor. Its main function
appears to be linked to transmission through the sympathetic
nervous system associated with fight and flight.
o dopamine (DA): a precursor of NE. It is found concentrated in the
basal nuclei, acting in an inhibitory manner on the extrapyramidal
system. Dopaminergic neurons project via the mesolimbic pathway
to the limbic structures and the nucleus accumbens (NAc) in the BG,
and via the mesocortical pathway to the cingulate cortex and
especially the orbitomedial prefrontal cortex (omPFC). DA is
produced primarily in the substantia nigra (SN) and diffused in
cortex with 80% of the DA concentrated in the corpus striatum

1808

For an introduction to neurotransmitters and their action: Ariel Y. Deutch and Robert H. Roth,
rd
“Neurotransmitters” in Larry Squire, et al., Fundamental Neuroscience, 3 ed. (Burlington, MA:
Elsevier, 2008), Chapter 7.
1809
Bear, Neuroscience. Exploring the Brain, 120-121.
1810
Deutch, Ariel Y, and Roth, Robert H. “Neurotransmitters” Chapter 7 in Squire, Larry et al.
rd
Fundamental Neuroscience. 3 ed. Burlington, MA: Elsevier, 2008.p152.
1811
P. Harris, et al. ed. Mosby’s Dictionary of Medicine (Sydney: Elsevier, 2006).
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(part of the BG). It plays a major role in mechanisms for emotion,
motivation and reward.
o epinephrine (Epi): Effects are not unlike NE and act upon the
hypothalamus, the thalamus, the spinal cord, and the adrenal
medulla.


Serotonin (5-hydroxytryptamine, or 5-HT): 5-HT can act as a potent
vasoconstrictor. In the CNS it acts as a neurotransmitter.



Histamine: A vasodilator. Release is from basophils of the blood, and mast
cells of connective tissue.



Amino acid transmitters such as -Aminobutyric Acid (GABA): GABA is the
major inhibitory transmitter in the body, present in 20%- 30% of all CNS
synapses.



Glutamate and aspartate: These are the major excitatory
neurotransmitter in the CNS and responsible for most of the fast synaptic
transmission in the mammalian brain;



Glycine: It is the most common inhibitory neurotransmitter in the spinal
cord. It is present in inhibitory neurons of the CNS and in retina.



The purines: adenosine triphosphate (ATP) and adenosine. ATP is the
major energy transfer molecule. 1812

Neurotransmitter speed of action is also relevant. ‘Fast’ neurotransmitters are
excitatory amino acids (such as glutamate or aspartate) or inhibitory amino acids
(such as GABA or glycine), whereas slower acting neurotransmitters (such as DA,
NE, and 5-HT) produce longer lasting changes in excitability activating metabolic
processes within the post synaptic cells. These longer lasting changes are of
relevance to this study. DA, it will be seen, mediates permanent synaptic changes.

In addition to neurotransmitters, there are neuromodulators, not necessarily
released at the synapse, but affecting the strength of the synaptic transmission,

1812

Siegal and Sapru, Essential neuroscience, Chapter 8, provides a well structured account of
neurotransmitters, their characteristics and function.
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acting either presynaptically on mechanisms of release, degradation and reuptake
of neurotransmitter molecules, or postsynaptically affecting uptake.

Neurotransmitter receptors at the synapse are of two types: ionotropic receptors
containing an ion channel within their own structure; and metabolic or
metabotropic.

Ionotropic receptors are ligand gated (they open or close on receipt of the
chemical message of the neurotransmitter molecule, the ligand) and mediate
direct opening of the ion channel. Consequently these ion channels carry out very
fast transmission of signals, passing from an activated to deactivated state in only
10ms, and have been called “the underlying ‘hard wiring’ of the nervous
system.”1813 This class of receptors includes:1814


the excitatory (depolarising) receptors
o

nAChR, the nicotinic ACh receptor for ACh.

o the receptors for glutamate, including the α-amino-3-hydroxyl-5methyl-4-isoxazole-propionate (AMPA), N-methyl-D-aspartate
(NMDA) and kainite receptors.
o for aspartate.
o for ATP.


the inhibitory (hyperpolarising) receptors
o GABAA, a receptor for GABA.
o the receptor for glycine.
o the 5HT3 receptor for serotonin.

Metabotropic receptors are neurotransmitter binding sites but not containing an
ion channel within their own structure. 1815 In contrast to the activation of
ionotropic receptors these receptors allow slower onset, longer duration
responses (from a fraction of a second to hours) with a series of enzymatic steps
1813

Schulman and Roberts, “Intracellular signaling,” 205.
Dale Purves, et al., Neuroscience, 4th ed. (Sinauer Associates, 2008), 128–33.
1815
Bear, Neuroscience. Exploring the Brain, 157.
1814
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involved. Signalling also modulates transcription of genes. Essentially these
receptors alter the concentration of intracellular metabolites thereby indirectly
gating ion channels. They are of two types:


G-protein-coupled-receptors (GPCRs) which include the muscarinic ACh
receptor, and receptors that bind the biogenic amines and neuropeptides.



receptor tyrosine kinases that modulate the activity of ion channels
through the activation of protein phosphorylation (adding of a phosphate
group to the compound) reactions and are responsive to growth and
trophic factors affecting development and differentiation of neurons. We
will see that trophic factors promote structural changes in the neuronal
pathways.

Information processing takes place within the neuron itself.1816 The neuron has
been described as a “complex information processing system”.1817 A neuron may
receive multiple excitatory and inhibitory dendritic inputs of modulated intensity.
These inputs are altered in time and in intensity to form coded electrical outputs
via the single axon. This electrical output is then normally converted at the
synapse to chemical messaging pathways, both of an internal second messenger
nature, and via the release of neurotransmitters and modulators. The response of
the cell includes what could be called pathways for plasticity. These include
genetically driven anatomical changes at the synapse that profoundly influence
subsequent messaging downstream.

1816

th

Saladin provides a useful introduction to this topic. Saladin, Anatomy and Physiology, 5 ed.,
468-9. For more detail: Gordon M. Shepherd, “Electrotonic properties of axons and dendrites” in
rd
Larry Squire, et al. Fundamental Neuroscience, 3 ed. (Burlington, MA: Elsevier, 2008), 88.
1817
Shepherd, “Electrotonic properties of axons and dendrites,” 88
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Appendix 3
Neuroimaging Technologies
Of great assistance to this current study have been the developments in imaging
over recent decades. Better imaging has led to a growing appreciation of:


The potential for widespread plastic change in the central nervous
system (CNS), both during development and in maturity.1818 Much
research also has been undertaken into addiction, habits, a more
refined understanding of the role of specific pathways and centres in
the brain, as well as the genetic, biochemical and electrochemical
bases processes.



The workings of living subcortical elements of the brain. The improved
imaging has greatly enriched our understanding not only of the roles of
subcortical elements such as the amygdala, the hippocampus, the
thalamus, the hypothalamus and the BG, but of their vital contribution
to “higher cortical activity”.



The fact that brain processes often utilize numerous regions of the
brain simultaneously.



The intricate interconnectivity of virtually all areas within the brain for
complex processing. Sophisticated tracer technologies allow the highly
complex neural pathways of the brain to be mapped.



The great complexity of both subtle and striking effects wrought by
chemical and hormonal neuromodulation of brain activity.



The importance of timing patterns of electrical neural activity.



Reward, attentional, and emotion regulatory systems of the brain are
understood with greater clarity.

1818

Two popular books standout for the quality of their synthesis and analysis: neuropsychiatrist
Jeffrey Schwartz documented his insights into cognitive treatments for patients with obsessive
compulsive disorder in his The Brain and the Mind; and Norman Doidge, in The Brain that Changes
Itself, focused almost exclusively on plasticity. His narrative distills amd popularises the insights of
current research. Schwartz and Begley, The Mind and the Brain. Norman Doidge, The brain that
changes itself (Melbourne: Scribe, 2008), 95.
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Neuroimaging Technologies
1819

Sources: Geake (2009) ; Magristretti (2008)
1822
1823
(2009) ; Ziemann et al. (2008) .

1820

; Nitsche et al. (2008)

Name

Abbreviation

Process

Strengths and
applications as
a research
tool
Great
improvement
over
conventional
x-ray imaging.

Computerised axial
tomography

CT or
CAT scan

Computerised
analysis of
multiple xrays.

Positron
emission
tomography

PET

Measurement
of emissions
from
radioactive
trace in blood.

A more direct
insight into
neural activity
with many
medical
applications.

Magnetic
resonance
imaging

MRI

Use of strong
magnetic field
delineates
contrasting
brain tissue by
collection and
processing of
echoes from

High
resolution 3D
image.
Non invasive.
Provides
precise
structural
imagery of the

1821

; Sweeney

Limitations

Safety
protocols
required in
use of x-rays.
Shortcomings
derive from
limitations to
resolution and
opacity
differentials
inherent to x
ray imaging.
Capital costs.
Short
radiation half
life restricts
design of
experiments.
Scans do not
allow
instantaneous
study of brain
response.

Unable to
demonstrate
short term
brain activity.
Capital costs
(a factor in
MRI
applications in

Comments

Widely used
from late
1970s
onwards.
Radioactive
glucose
crosses bloodbrain barrier.
On metabolisation emits
positrons,
which
produce
gamma rays
on interaction
with
electrons.
Originally
known as
NMR. Rabi
awarded
Nobel Prize in
1944 for
discovery.

1819

Geake, The Brain at School, Chapter 2, “Neuroimaging technologies”: a useful discussion of the
features and limitations of current technologies. Geake is both educator and neuroscientist by
training.
1820
Pierre J. Magistretti,“Brain energy metabolism” in Larry Squire, et al. Fundamental
rd
Neuroscience, 3 ed. (Burlington, MA: Elsevier, 2008), Chapter 13.
1821
Nitsche, et al., “Transcranial direct current stimulation: State of the art 2008,” 206-23.
1822
Michael S. Sweeney, Brain. The Complete Mind (Washington: NG, 2009).
1823
Ziemann, et al., “Consensus: Motor cortex plasticity protocols,” 164-182.
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hydrogen
atoms in
water
molecules in
the brain.
Obtains a
blood oxygen
level
dependent
(BOLD)
response
through
measurement
of the
paramagnetic
qualities of
deoxygenated
haemoglobin.
Highly
processed MRI
data.
Specialised
MRI analysis
of neural
pathways.

Functional
magnetic
resonance
imaging

fMRI

Voxel based
morphometry
Diffusion
tensor
imaging

VBM

Magnetic
resonance
spectroscopy

MRS

MRI used to
identify
neurochemicals
present.

Electroencephalography

EEG

Electrodes on
scalp record
electrical
activity of
cortex.

Magnetoelectroencephalogr
aphy

MEG

Magnetic
sensors placed
on skull reveal
currents
created by
neural
discharges.

DT-MRI

brain.

general).

Allows
mapping of
brain activity
and
performance,
and insights
into function
of specific
brain areas.
Current
resolution
3
1mm .
Non invasive.
Allows refined
studies of
tissue density.
Allows
imaging of
connectivity
maps in the
brain.
Aids in studies
of both
neurotransmit
ters and
hormones.
MRS has
confirmed the
role of DA in
decision
making.
Excellent
temporal
discrimination
and non
invasive.

Owing to
sluggish
vasculature
changes (3-9
seconds
typically)
scans do not
allow
instantaneous
study of brain
response.
Capital costs.

Excellent
temporal
discrimination
to 1/1000
second.
Allows greater
clarity of
reception than
EEG, and
allows analysis

Widely used
from 1990s
onwards.

Capital costs.

Capital costs
as for other
MRI
technologies.

Also known as
diffusion
weighted MRI.

Not all neurochemicals
register.
Only
applicable to
whole brain
imaging.
Capital costs.

Developed by
Ernst (Nobel
Prize 1991)

Signals can
suffer from
distortion.

Used in
conjunction
with spatial
data of fMRI
and PET.
Used for study
of event
related
potentials
(ERPs).
Used in
conjunction
with spatial
data of fMRI
and PET.
MEG has been
used to
analyse
cortical
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of cortical
activity when
there is no net
signal
increase.

Near optical
infra red

NOIR

Detects
oxygenation
and
bloodvolume
changes on
region specific
basis during
functional
studies.
A unilateral
NMR non
invasive
sensor.

Nuclear
magnetic
resonance
mobile
universal
surface
explorer

NMRMOUSE

Transcranial
magnetic
stimulation

TMS

Localised
magnetic field
temporarily
knocks out
effective
neuronal
activity in
localised brain
areas.

Transcranial
direct
current
stimulation

tDCS

Application of
highly
localised
electrical
current to
cortex.

regions
implicated in
the first half
second of
visual word
recognition.
Used in
location of
tumors.
Under
development.

Apparatus
easy to handle
and portable.
Allows
functional
metabolic
investigation.

Optical field
dependent.

Non
destructive;
permitting 2D
and 3D
imaging.
Portability and
relatively low
cost are
strengths.
Used in
testing
implication of
various brain
areas in
particular
tasks. rTMS is
shown to be
useful in
treatment of
depression.
Will not
provoke
action
potentials and
so is less
invasive than
TMS and
rTMS.

Confined to
near surface
studies. Level
of resolution
is a deficiency.

Under
development.

rTMS has
provoked
epileptic
seizure in
individuals
with prior
history.

Introduced in
the 1980s.
Used in
conjunction
with MRI.
rTMS shown
to induce
plasticity in
certain
conditions.
Used in
conjunction
with MRI.
Induces long
term synaptic
change by
protein
synthesis.
Similarities to
neuromodulation.
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Table 1.1
th
An hylomorphic critique of 20 century currents in philosophy of mind
Four categories are adopted from Kirk Ludwig “The Mind-Body Problem: An Overview” in
Stephen P Stich and Ted A Warfield (eds.) The Blackwell Guide to Philosophy of Mind
(Cambridge MA: Blackwell, 2003).
*Note that hylomorphic responses in one subcategory may be applicable in other
subcategories. I have noted the more obvious of these. Responses within broad
categorisations are in many cases applicable across subcategories within the same broad
category. Responses are my own unless alternate source is cited.
Broad category

1824

Definitions and
subcategories

Advocates
and
antecedents

Tenets

Hylomorphic
responses*

Eliminativism is
the denial of the
existence of
mental
properties: “the
view that
beliefs, desires,
and other
mental states do
not exist, and
that
explanations in
terms of such
states will be
replaced by
neurobiological
explanations.”

P. Feyerabend
1827
(1963)
R. Rorty
1828
(1965)
Paul
Churchland
1829
(1981)
S.Stich
1830
(1983)
Patricia
Churchland
1831
(1986)

“… a strategy
which removes
the (ontological)
obstacles that
higher level
phenomena
pose to
naturalism… by
denying their
1833
existence.”

Eliminativism is
a radical
departure from
realist
epistemology.
Truth is found
not in being but
in a relativist a
priori denial of
mental
phenomena.

1825

1. Irrealism
Eliminative
materialism

1826

Antecedents of
eliminativism
are found in
Feyerabend,
Quine, and
Nietzschean
1832
nihilism.

Outspoken
opposition to
the mental
categories of
folk psychology,
arguing that
they fail to
capture physical

Critique of
physicalism: that
it is based on an
impoverished
metaphysical
conception of
1835
reality.

1824

As an introduction to the thought of the various figures mentioned in this table, I cite
representative texts presenting the views of each. Texts not explored in detail are omitted from
bioliography.
1825
Essentially the material eliminativist view, as proposed by Richard Rorty, that minds are not
real.
1826
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 973.
1827
P. Feyerabend,“Mental events and the brain,” Journal of Philosophy 60, (1963): 295-6.
1828
R. Rorty, “Mind body identity, privacy and cateogories,” Review of Metaphysics 19, (1965): 2454.
1829
P. M. Churchland, “Eliminative materialism and propositional attitudes,” Journal of Philosophy
78, (1981): 67-90.
1830
S. Stich, From Folk Psychology to Cognitive Science (Cambridge, MA: MIT Press, 1983).
1831
P. S. Churchland, Neurophilosophy: Toward a Unified Science of the Mind/Brain (Cambridge,
MA: MIT Press, 1986).
1832
Sarah Patterson, “Philosophy of Mind” in The Routledge Companion to Twentieth Century
Philosophy, Dermot Moran ed. (Abingdon: Routledge, 2008), 555 Chapter 12. Feyerabend argued
that should mental phenomena and brain processes be identified, then the brain processes would
have the same obscurity as the phenomena.
1833
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 973.
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Eliminativist
neurophilosophy.

Connectionism
Connectionism
is also known as
neural networks
or parallel
distributed
processing.

The search for
the neural
correlates of
consciousness.

Connectionism
is a model of
cognitive
processing
taking into
account neural
structures.

“Self
representation
accounts of
consciousness”
1840

reality.

Paul Churchland
1837
(1988)
Kim Sterelny
1838
(1990)
Andy Clark
(1989, 1993,
1839
2001)

D. Armstrong
1841
(1981)
W. Lycan
1842
(1987)

1834

A synthesis of
eliminativist and
functionalist
approaches.

Consciousness
defined as
“when the brain
perceives, or
otherwise
represents,

“Ultimately
unintelligible”
1836
: a reductive
denial of
substance.
Reductionist
functional
approaches
focus on outputs
defined
according to
material criteria,
and disregard
ontological
questions.
Reality may not
be reduced to
actions or
relationships. An
effective
understanding
of outputs
requires a prior
understanding
of nature.
Consciousness
and subjective
perception are
not ontologically
prior to being.

1835

N. Chomsky, New horizons in the study of language and mind (Cambridge, MA; MIT Press,
2000). Chomsky’s critique of physicalism: it is a misapplication of methodologies of the
experimental sciences to metaphysical questions and, as such, is a methodological error.
1834
Folk psychology argues that the everyday practice of explaining behaviour in terms of beliefs,
desires and other mental states, the attribution of “propositional attitudes” to others, allows us to
predict how they will behave. In short the theory that this is how we predict others’ states and
intentions.
1836
Hylomorphism advocates that knowledge starts in being. As a consequence of their materialist
stance, eliminative materialists also deny freedom in human action, even a freedom that is limited.
John Haldane, “Incarnational Anthropology,” in ed. David Cockburn (ed.), Human Beings
(Cambridge: Cambridge University Press, 1991), 75-93.
1837
Paul M. Churchland, Matter and Consciousness (Cambridge MA: MIT, 1988) ; Paul M.
Churchland, The Engine of the Reason, the Seat of the Soul (Cambridge MA: MIT, 1995)
1838
Kim Sterelny, Thought in a Hostile World: The evolution of human cognition (Malden MA:
Blackwell, 2003).
1839
Andy Clarke, Microcognition: Philosophy, Cognitive Science and Parallel Distributed
Processing (Cambridge MA: MIT, 1989); Andy Clarke, Mindware: An Introduction to the Philosophy
of Cognitive Science (Cambridge MA: MIT, 2001).
1840
Terminology proposed by Paul M Churchland in “Consciousness” in Richard L Gregory (ed),
nd
Oxford Companion to the Mind. (2 ed) (Oxford: OUP, 2004
1841
Armstrong, D. (1981) The Nature of Mind.
1842
W. Lycan, Consciousness (Cambridge, MA: MIT Press, 1987).
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some of its own
cognitive states
and activities.
Consciousness is
thus a form of
metacognition.”
1843

Self control
accounts of
consciousness
1845

Special
architecture and
dynamics
account.

1843

P. Churchland
1846
(1995)
J.G.Taylor
1847
(2001)

G. Edelman
1850
(1993)
P. Churchland
1851
(1995)
R. Llinas
1852
(2001)

Consciousness
characterises an
agent that is
“modulating,
manipulating,
and steering its
own cognitive
activities…
partly
autonomous in
generating not
just its own
behaviour, but
its own
cognition as
1848
well.”

Higher function
derives from the
complexity of
neural pathways
and reverbatory
circuits.

Objective being
cannot be
verified through
subjective
experience.
Consciousness
itself may not be
reduced to self
1844
awareness.
False premises:
consciousness
may not be
reduced to self
control; nor may
self modulation
require
consciousness.
1849

Being is
ontologically
prior to activity.
Reductive
physicalism
cannot account
for rationality
and freedom.
Neural
complexity
cannot explain
or
accommodate
choice, freedom,
judgement of
conscience, and
the capacity to
abstract to
universal
principles.
nd

Paul M. Churchland, “Consciousness” in Oxford Companion to the Mind, 2 ed. Richard L.
Gregory ed. (Oxford: OUP, 2004).
1844
Churchland, “Consciousness”.
1845
Terminology proposed by Churchland, “Consciousness”.
1846
Churchland, The Engine of Reason, The Seat of the Soul: A Philosophical Journey into the Brain.
1847
J.G. Taylor, “The central representation: the where, what and how of consciousness” in The
Emergence of Mind: Proceedings of the international symposium, S. Colona ed. (Montedison,
2001).
1848
Churchland, “Consciousness”.
1849
Churchland, “Consciousness”.
1850
G. Edelman, “Neural Darwinism: selection and re-entrant signalling in higher brain function,”
Neuron 10, (1993).
1851
Churchland, The Engine of Reason, The Seat of the Soul: A Philosophical Journey into the Brain.
1852
R. Llinas, I of the Vortex: From Neurons to Self (Cambridge MA: MIT, 2001).
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Reductive
physicalism
cannot account
for rationality
and freedom.

Fictionalism.

1853

“Fictionalism is
the claim that,
whilst mental
states don’t,
strictly speaking,
exist, it is
nevertheless
useful to
pretend that
1854
they do.”
Fictionalism is
associated with
projectivism.

Daniel Dennett
1855 1856
(1991)
W. Lycan
1857
(1987)
Ryle’s logical
behaviourism is
a precursor to
Dennett’s
position.
Associated with
folk psychology,
regarding it as
indispensable.
1858

Fictionalism is
an example of
property
dualism
combined with
“substance
monism of a
physicalist
1859
type”.
Functional
explanation of
consciousness:
“necessarily,
anything that
has physical
behavioural
dispositions of a
certain kind and
complexity has a
1860
mental life.”
Belief and desire
“are real innercausal states of
1861 1862
people”.

Output may not
only be defined
in material
terms.
A form of total
conceptual
relativism:
humans are
given
characteristics
they do not in
1863
fact have.
The view seems
aligned with
relativist views
that meaning is
determined by
the receiver not
1864
the subject.
Critique of
eliminativist
roots as above.
The
functionalism
evident in
Dennett’s work
circumvents

1853

Also known as “Instrumentalism”.
Ian Ravenscroft, Philosophy of Mind. A beginner’s guide (Oxford: OUP, 2005), 193.
1855
Dennett, Consciousness Explained .
1856
Haldane, “Incarnational anthropology,” 76. Haldane suggests that Dennett holds to
projectivism with respect to some classes of phenomena, and to realism in relation to others.
1857
W. G. Lycan, Consciousness Cambridge, (Cambridge, MA: MIT Press, 1987).
1858
Dennett’s view.
1859
Haldane, “A return to form in the philosophy of mind,” 58.
1860
Samuel Guttenplan, ed., A Companion to the Philosophy of Mind (Cambridge MA: Blackwell,
1994), 136. A “behaviour-as-sufficient” view.
1861
William G. Lycan, “The Mind-Body Problem” in The Blackwell Guide to Philosophy of Mind, ed.
Stephen P. Stich and Ted A. Warfield (Cambridge MA: Blackwell, 2003), 60. Dennett proposed this
view in common with with identity theorists, functionalists and token physicalists.
1862
Ravenscroft, Philosophy of Mind. A beginner’s guide, 72. Ravenscroft classifies Dennett within
eliminativism and argues that although Dennett is on record suggesting he is not a fictionalist, his
writings suggest that he holds this position. He presents his thought in the section of his book
dedicated to eliminativism. Lycan, on the other hand argues that Dennett regards mental
ascriptions as real inner causal states.
1863
Haldane, “Incarnational anthropology,” 76.
1854
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deeper
ontological
questions. (See
above.)
1865

2. Conceptual reductionism
Neutral Monism Neutral Monism
holds that “...the
mental (and the
physical) are
reducible to
something more
1866
basic.”
It is
“the view that
mind and matter
are complex
constructions
out of more
basic elements
which are
neutral, neither
mental nor
1867
material.”

Ernst Mach
1868
1886)
William
1869
James(1904)
Bertrand Russell
1870
(1921)

A non dualist,
non physicalist,
approach. We
are
“constructed”
by experience.
1871 1872

James argued
that pure
experience, not
the subject of
pure experience,
should be the
focus of study.
Russell argued
that matter is a
“logical fiction
(giving) us a
convenient way
of stating causal
1873
laws”.
“Mind is …
exemplified in
number and
complexity of
habits… mind
and matter alike
are seen to be
constructed out

Neutral monism
reverses the
fundamental
tenet of
hylomorphism,
that activities of
an organism
follow upon its
nature - do
follows be. This
leads to a
consequent loss
of the sense of
substance.
A failure to
address richness
of substance,
and a
substitution of
idealism or
phenomenalism.
1875

Neutral monism
is incapable of
making
meaningful
statements
about the real
nature of things
because, as an a

1864

Haldane, “Incarnational anthropology,” 77. Dennett proposes a world in which “an event may
be wholly determined in its causes (but) conceived of in a fashion which allows it to be a free
action”. The view seems aligned to Hume’s relativistic argumentation.
1865
The view that whatever can be said about the whole can also be expressed in concepts
pertaining to the parts. In philosophy of mind, this presents as two strands: that man and his
mental life are reducible to the material, or to idealism.
1866
Ludwig, “The Mind-Body Problem: An Overview,” 21.
1867
Moran (ed.), The Routledge Companion to Twentieth Century Philosophy, 985.
1868
E. Mach, Die Analyse der Empfindungen und das Verhältnis des Physischen zum Psychischen
(1886), available in translation as The Analysis of Sensations and the Relation of Physical to the
Psychical (New York: Dover, 1959).
1869
William James, “A World of Pure Experience,” Journal of Philosophy, Psychology and Scientific
Methods 1, 20-21 (1904).
1870
Bertrand Russell, The Analysis of Mind (1921), 308.
1871
Ludwig, “The Mind-Body Problem: An Overview,” 21. The view of Mach and Russell.
1872
C.D. Broad, The Mind and its Place in Nature (London: Routledge and Kegan Paul, 1925).
Charles Broad classified Russell’s position as “mentalistic neutralism”.
1873
Bertrand Russell, The Analysis of Mind, 308. Russell advocates a monist metaphysics.
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of neutral stuff.”
1874

Logical
Behaviourism

Behaviourism
sees behaviour
as intelligible
and rational.
Having a mind
“is constituted
by nothing more
than the
engaging in
especially
sophisticated
types of overt
behaviour, or of
being disposed
to engage in
such behaviour
in suitable
circumstances”.
1876

R. Carnap (1931)
G. Ryle
1877
(1949)
J.L. Austin. Their
followers: Peter
Geach, Anthony
Kenny, Normal
Malcolm, AI
Melden, and
1878
Peter Winch.
The early
articulation of
behaviourism
was by logical
positivists,
Carnap, Hempel,
and Ayer. It
developed from
the
verificationism
of logical
positivists prior
to WWII, and
was also
influenced by
British
Empiricism.
Wittgenstein
and Russell used
aspects of
behaviourism.

Logical
behaviourism
stands in
contrast to
physicalism and
in profound
opposition to
Cartesian
dualism.
“The
behaviourist
takes minds to
be (at least to a
significant
extent)
constituted by
(evident) outer
1880
effects.”
The link
between mental
states and
behaviour is
logical not
1881
causal.

priori position, it
holds that it is
experience that
creates reality.
Logical
behaviourism
fails to propose
an ontological
1882
framework,
nor to consider
the “non dualist,
dual aspect,
ontological anti1883
reductionist”
view.
The meaning of
terms such as
mind requires
clarification by
reference to
Aristotelian
terms such as
intellect and
rational
1884
nature.
Where
appropriate, an
hylomorphic
critique
addresses
behaviourist
affinities to
physicalism.
(See above).

1879

1875

Leopold Stubenberg, "Neutral Monism" in The Stanford Encyclopedia of Philosophy (Spring
2010 Edition), Edward N. Zalta ed., http://plato.stanford.edu/archives/spr2010/entries/neutralmonism/.
1874
Bertrand Russell, The Analysis of Mind, 308. Russell advocates a monist metaphysics.
1876
Armstrong, “Mind body problem: philosophical theory”. This “peripheralist” view
stands in contrast to the “centralist” position admitting the possibility of “‘inner’ mental processes
which interact causally with the rest of the body.”
1877
G. Ryle, The Concept of Mind (New York: Barnes and Noble, 1949).
1878
Adherents of logical behaviourism may or may not subscribe to a reductive materialism. Their
approach however is arguably reductive in its behaviourist focus.
1879
Guttenplan, ed., A Companion to the Philosophy of Mind, 132.
1880
Minds are not “inner psychic mechanisms merely contingently connected with their outer
behavioural effects.” Guttenplan, ed., A Companion to the Philosophy of Mind, 132. Logical
behaviourism manifests little interest in the ontological questions, or in the inner world for that
matter. There is a phenomenal approach to behaviour, with the assumption of a logical link
between the mental and behaviour which follows. Logical behaviourism exhibits non engagement
with the issue of mental causality.
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Idealism

1885

Identity
1894
theory

Idealism is the
view that reality
is composed of
minds and
collections of
1886
ideas.

The
identification of
sensations with
brain processes
is a type
physicalist
theory.
David Lewis’
psychophysical

G. Berkeley
1887
(1710)
R. Carnap
1888
(1928)
In more recent
forms see, for
example,
A.C. Grayling
1889
(1985)

Idealism began
as a refutation
of dualism.

U. T. Place
1895
(1956)
H. Feigl
1896
(1958)
J. J. C. Smart
1897
(1959)
David Lewis
1898
(1966)

Mental states
are identified
with brain
1899
states.

Idealism gave
rise to to
phenomenalism.
1890 1891

Idealism, as a
denial of the
material, is a
reductive and
unsatisfying
understanding
of the
complexity of
1892
substance.
1893

Identity theory
bestows causal
relevance on
mental
1900
properties.

The type-type
causality
attributed to
mental
properties by
identity theory
is unable to
account for the
non
predictability of

1881

Brian McLaughlin, “Philosophy of Mind” in The Cambridge Dictionary of Philosophy, ed. Robert
Audi (Cambridge: CUP, 1995). The position of Ryle and Wittgenstein.
1882
Patterson “Philosophy of Mind,” Chapter 12. It has been pointed out that Ryle tends to argue
as though dualism and behaviourism exhaust the philosophical alternatives.
1883
A classification suggested by Haldane, “A return to form in the philosophy of mind”.
1884
This approach is a response to the origin of behaviourism in semantics. Thus, the subjective
meaning of mind in behaviourism could be displaced by one founded on essential properties of
being.
1885
Also known as universal pure mental particle theory.
1886
Ludwig, “The Mind-Body Problem: An Overview,” 16.
1887
G. Berkeley, Treatise concerning the Principles of Human Knowledge, (1710).
1888
Rudolf Carnap, Der logische Aufbau der Welt (Berlin: Bernary, 1928) trans. R.A. George: The
Logical Structure of the World (Berkeley: University of California Press, 1967).
1889
A. C. Grayling, The Refutation of Scepticism (London: Duckworth, 1985).
1890
Ludwig, “The Mind-Body Problem: An Overview,” 16
1891
McLaughlin, “Philosophy of Mind,” 597. Phenomenalism (as, for example, advocated by Ayer)
is a version of neutral monism or idealism: “all empirical statements are synonymous with
statements solely about phenomenal appearances”
1892
Haldane avoids offering opinions on questions of qualia and consciousness, preferring to
anchor his discussion on the primacy of existence.
1893
An hylomorphic metaphysics accounting for real existence and for substances having physical
and rational properties overcomes the difficulties posed by idealism.Without such an hylomorphic
response, the challenges raised by idealism with reference to consciousness are virtually
insurmountable.
1894
Identity theory known also as psychophysical (or mind-brain) identity theory. R. W. Sperry,
nd
“Consciousness and Causality” in Oxford Companion to the Mind, 2 ed., ed. Richard L Gregory
(Oxford: OUP, 2004).
1895
U.T. Place, “Is consciousness a brain process?” British Journal of Psychology 47, (1956): 44-50.
1896
H. Feigl, “The ‘Mental’ and the ‘Physical’” in Minnesota Studies in the Philosophy of Science 2,
H. Feigl, et al. ed. (Minneapolis: U Minnesota Press, 1958), 370-497.
1897
J. J. C. Smart, “Sensations and brain processes,” Philosophical Review 68, (1959): 141-56.
1898
D. Lewis, “An argument for identity theory,” Journal of Philosophy 63, (1966): 17-25.
1899
McLaughlin, “Philosophy of Mind,” 597.
1900
The view of Feigl. This is an understanding of causality limited to efficient material causality
assuming , on an a priori basis, the identity of mental and physical.
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theory.
Mind and brain
appear different
things “because
we have used
different
languages and
perspectives”.
1901

Lewis makes use
of “functionalist
descriptions of
states extracted
from a ‘folk
theory’ of
psychology to
identify mental
states with
physical states”.
1902

Central state
materialism.

Central state
materialism is a
type physicalist
theory, a further
development of
identity theory
and a form of
functionalism.
1903

David Armstrong
1904
(1968)

“All mental
states are
contingently
identical with
states of the
brain or CNS
that are apt to
produce a
certain range of
behaviour….
Mental states
are actual
internal states
with causal
1905
effects”.
“We can give a
complete
account of man
in purely
physicochemical
terms… (by a)
purely
electrochemical

correspondence
between the
mental and the
physical, and is
ultimately a
consequence of
human freedom.
Instead,
however, of
opening the way
for hylomorphic
solutions that
uphold human
freedom, the
token
physicalist, nonreductive
solutions of
anomalous
monism (see
below) inherited
the middle
ground.
Armstrong
presented a
reductionist
view of the
human being as
“nothing but a
physic-chemical
1907
mechanism”.
Yet, since
mental events
and brain
processes have
different
intrinsic
properties, they
cannot be
identical.
Functionalist
stance is unable
to avoid
ontological
issues because
of its association
with the

1901

Sperry, “Consciousness and Causality”.
Lewis, “An argument for identity theory,” 17-25.
1903
McLaughlin, “Philosophy of Mind,” 597.
1904
David Armstrong, A Materialist theory of the mind (London: Routledge and Kegan Paul, 1968).
1905
McLaughlin, “Philosophy of Mind,” 597. Some believed the mind is the brain, others subscribed
to Ryle’s view that the mind is capacities and dispositions, a view that has gained widespread
traction.
1902
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account of the
workings of the
1906
brain.”

Epiphenomenalism

Mental
phenomena are
the result of
physical
processes in the
brain, or else
both enjoy a
common cause.
A form of
interactive
1909
parallelism.

F. Jackson
1910
(1982)
David Chalmers
1911 1912
(1996)
Epiphenomenalism, began
as a reaction to
dualism,
asserting a form
of scientific
behaviourism.
Type
epiphenomenalism: “that
no state can
cause anything
in virtue of
falling under a
mental type”;
mental states
cannot be
causes.
Token
epiphenomenali
sm: “that no
mental state can
cause anything”.
1913

Essentially the
mind is a
spectator.
Conscious
experience is a
side effect of
brain activity.
1914

A denial that
human beings
can be
intentional
agents. “Mental
states do not
cause anything.”
1915 1916

Chalmers writes,
“the hard
problem of
consciousness is
that of
explaining how
it is that physical
processes in a
brain are
associated with
subjective
experiences…. A
science of
consciousness
needs to admit
both first-

physicalist
conception of
reality and a
mechanistic
view of human
1908
behaviour.
Hylomorphic
response would
address the
inconsistencies
in marrying a
1918
reductionist,
emergent
approach to the
Cartesian notion
of a mind
independent of
1919
matter.
See response to
dualism below.
Jackson (and
Van Cleve), by
arguing that
consciousness is
irreducible and
emergent, fall
into the
deterministic
1920
camp.
Their
position is
fundamentally
materialistic.
See refutation of
reductive
materialism
above.
Chalmers lacks

1907

Patterson, “Philosophy of Mind,” 547.
David Armstrong quotation. Sperry, “Consciousness and Causality”.
1908
Overt materialism can be answered by an hylomorphic defence of non material properties in
certain substances.
1909
nd
Richard L. Gregory ed., “Epiphenomena” in Oxford Companion to the Mind, 2 ed. (Oxford:
OUP, 2004). Epiphenomenalism admits only one way psychophysical action.
1910
F. Jackson, “Epiphenomenal qualia,” Philosophical Quarterly 32, (1982): 127-36.
1911
Chalmers, The Conscious Mind.
1912
Paul M Churchland classifies Chalmers as an ephphenomenalist. Churchland, “Consciousness”.
1913
McLaughlin, “Philosophy of Mind,” 597.
1914
rd
A. Delbridge et al., Macquarie Dictionary, 3 ed. (Macquarie University: Macquarie Press,
2001). “Conscious processes, though distinct from physical processes, have no distinct causal
properties.”
1915
McLaughlin, “Philosophy of Mind,” 597.
1916
Haldane, “Incarnational anthropology,” 78.
1906
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person data and
third person
data as real and
mutually
1917
irreducible.”

both an
adequate
rational
psychology and
notion of formal
1921
causality.

C.D. Broad
following J.S.Mill
distinguishes
mechanism and
emergentism.

Hylomorphism
teaches that
properties
follow upon the
essence: the
nature of
something limits
its behaviour
and activities.
The emergence
of rationality, a
new class of
property, does
not correspond
to an empirical
understanding
1933
of the world.

1922

3. Conceptual anti reductionism
Emergentism
“Emergent
materialists hold
Emergent
that there are
theories may be only material
classified as
things, but that
type-type
some complex
(Category 2
material things...
above) or as
have mental
supervenient
properties and
non type-type.
that those
mental
properties are
not conceptually
reducible to any
of the physical
complexes of
the complexes
that have them”
1923

C.D.Broad(1925)
1924

Emergentism
began as a
materialist
rejection of
dualism,
idealism, and of
reductive
materialism as
empirically
1925
implausible.
It is associated
with the
nineteenth
century rise of
science and
theory of
1926
evolution.

1928

Emergentism is
non reductive,
1929 1930
and
essentially
1931
materialistic.
1932

1927

1918

Haldane, “A return to form in the philosophy of mind,” 58.
With some characteristics of a dualistic theory, epiphenomenalism asserts an unbridgeable gap
between two orders of being.This must lead either to a deterministic universe, or to an
incomprehensible universe unable to account for human freedom and causality.
1920
McLaughlin, “Philosophy of Mind,” 597.
1917
nd
David Chalmers, “Consciousness” in Oxford Companion to the Mind, 2 ed., Richard L Gregory
ed. (Oxford: OUP, 2004). Chalmers seeks to explain the connection of physical processes to
conscious experience. He advocates the development of “simple, basic and universal” principles
connecting physical processes and consciousness by means of correlating first-person data
(subjective description) and third person data (neuroscience and psychology).
1921
Without these, Chalmers’ goal of developing “principles connecting physical processes and
consciousness” appears impossible. His principles would simply reflect behavioural phenomena.
1922
That the mental activity of the human being and their minds, cannot be reduced constituent
parts.
1923
Ludwig, “The Mind-Body Problem: An Overview,” 18.
1924
C.D. Broad, The Mind and its Place in Nature (London: Routledge and Kegan Paul, 1925).
1925
McLaughlin, “Philosophy of Mind,” 597.
1926
Ludwig, “The Mind-Body Problem: An Overview,” 9.
1927
In recent decades emergentism has resurfaced in numerous forms. It is currently the broad
materialist category into which many philosophers and neuroscientist classify themselves.
1928
He argues they are typified variously by mechanical and chemical combination... one the sum
of its individual effects, the other only known “inductively”.
1929
Patterson, “Philosophy of Mind,” 525. “Mind (is) beyond belief of reductive explanation”.
1930
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 973. It is “the view
that wholes exhibit novel features which are emergent, or not explicable in terms of the properties
of the parts of the whole”.
1919
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Anomalous
monism.

“A metaphysical
view... according
to which all
mental events
are physical
events, but
there are no
strict laws
linking mental
and physical
1934
predicates.”
A form of dual
aspect theory
whereby events
can have
autonomous
mental and
physical aspects.
A token
1935
physicalism.

Donald
Davidson
1936
(1963)
Anomalous
monism built
upon the work
1937
of Kripke
who argued that
statements of
strict identity
between
sensation and
physical state
are not
1938
possible.

A form of
emergentism;
1939
a non
reductive
materialism.
Davidson
introduced
notion of
supervenience.
1940 1941
Mental
events can be
causally related
to physical
events but
mental events
are physical
events.
Anomalous
monism
established the
paradigm for
non-reductive

Anomalous
monism
circumvents
ontological
questions and
relies on
positivist
1943
principles.
Foundation on a
physicalism and
causalism seeing
the mind as the
efficient cause
of behavioural
1944
outputs.
Non reductive
materialist,
emergent, and
functionalist
understandings
(without an
explicit enriched

1931

Broad’s emergent materialism held that every substance is wholly made up of the physical.
Later advocates of emergentism tend to adopt an a priori materialist position. Drawing on an
evolutionary paradigm, emergentists assert that higher properties evolve according to mysterious
inner processes as yet unknown.
1932
Broad, “Mind and its Place in Nature,” 647. Mentality is “an emergent characteristic of certain
kinds of material complex”. Broad regards behaviourism as reductive materialism and opposes this
to emergent materialism.
1933
Hylomorphism argues that there is a lack of scientific foundation for the fundamental
emergentist presupposition, that higher properties (rationality) evolve. The more distinctive the
qualities that are recognised in human nature, the more difficult for the emergent position to gain
any traction. See Appendix 1 for detailed refutation of emergent rationality.
1934
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 967.
1935
McLaughlin, “Philosophy of Mind,” 597. “Every particular is physical... yet physical tokens can
fall under non physical types. Not all token physicalism is type physicalism.”
1936
D. Davidson, “Actions, reasons and causes,” Journal of Philosophy 60, (1963): 685-700.
“Interacting mental and physical events instantiate physical laws and hence are both physical”. He
upheld the anomality of the mental but offered no concession to dualism.
1937
S. Kripke, Naming and Necessity (Cambridge MA: Harvard University Press, 1972).
1938
McLaughlin, “Philosophy of Mind,” 597.
1939
Ludwig, “The Mind-Body Problem: An Overview,” 9.
1940
McLaughlin, “Philosophy of Mind,” 597. Supervenience: “An asymmetric relationship of
determination between sets of properties or facts. If mental properties supervene on physical
properties, then there is no variation in mental properties without a variation in physical
properties. There is a special kind of dependence between “higher level” properties and “lower
level properties that does not allow conceptual reductions”.... Davidson submits that the mental
supervenes on the physical, such that no mental change can occur without a physical change. See
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 993.
1941
Davidson, “Actions, reasons and causes,” 214.“Mental characteristics are in some sense
dependent, or supervenient, on physical characteristics.”
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physicalism that
has
predominated in
th
latter 20
1942
century.
Biological
naturalism

Competition for
executive
control
1952
accounts

Biological
naturalism is the
belief that
mental and
physical
categories are
mistaken. Searle
argues that
higher level
features of the
human organism
are caused by
lower level
1945
elements.

A further form
of emergentism
- this account
proposes that

John Searle
1946
(1984)
M. Gazzaniga
1947
(2011)
Biological
naturalism is a
rejection of
functionalist and
Computational
Theory of Mind
understandings.
Searle moved
from this
position to
“quantum
indeterminism”
(see below) to
explain freedom
through physical
quantum
processes.
B.J.Baars
1953
(1988)
F.Crick and C.
1954
Koch (1990)

A subtle form of
emergentism.
Biological
naturalism
questions the
distinctions
between the
mental and
physical
suggesting there
is no basis in
reality for the
distinction.
Searle argues
consciousness is
a result of
neurobiological
processes, an
evolved brain
1948 1949
process.

These are
essentially
emergent
positions:

ontology) must
ultimately be
physicalist and
unable to
account for
human freedom.
Hylomorphism
mental and
physical
properties exist
1950
in reality.
If mind is
accorded
executive status
(in a dualist
paradigm of
substance) it will
necessarily lead
to a dualist, an
epiphenomenalist position
or a physicalist
1951
position.

The material
determinism of
these accounts
lacks adequate

1943

Hylomorphism also holds to the fundamental intelligibility of reality. Anomalous monism, and
the non reductive physicalisms in general, propose anomalous mental and physical properties on a
physical foundation. Essentially this must be either self contradictory or at the very least
paradoxical.
1944
Haldane, “A return to form in the philosophy of mind,” 45.
1942
Patterson, “Philosophy of Mind,” 552. Davidson rejected psychophysical laws and focused on
intention rather than sensation. He argued that what is mental are “attitudes such as believings,
desirings, intendings, identified by their content: what is believed, desired, intended.”
1945
Searle outlines his position in Guttenplan. Guttenplan, ed., A Companion to the Philosophy of
Mind, 544-557.
1946
John Searle, Minds, Brains and Science, (Cambridge, MA: Harvard University Press, 1984).
1947
Gazzaniga, Who’s in charge. Free will and the science of the brain.
1948
Patterson, “Philosophy of Mind,” 569.
1949
Julian Baggini and Jeremy Stangroom, What Philosophers Think (London: Continuum, 2003),
185. “One of the things we know... is that all of our mental processes are caused by processes in
the brain. That’s the kind of starting point I can take when I work in the philosophy of mind.”
1950
This is so even if the distinction between mental and physical substances is misplaced at times.
1951
It is possible that a clarification of terminology is required: mental can be used synonymously
with mind understood as the very source of human consciousness and autonomy.
1952
Terminology proposed by Churchland, “Consciousness”.
1953
B.J. Baars, A Cognitive Theory of Consciousness (Cambridge: Cambridge University Press, 1993).
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neural
complexity leads
to consciousness
and executive
control.

D.A.Leopold and
N.K.Logothetis
1955
(1999)
W.Singer
1956
(2000)
S.Greenfield
1957
(2008)

consciousness
arises from
neuroscientific
complexity
Rationality and
autonomous
personhood
arise from brain
complexity.
Accounts of
mechanisms for
executive
control: the
“global
workspace
account”, the
“shifting
coalitions”
account, and the
“synchrony”
1958
account .

Non reductive
physiological
accounts.

These accounts
take advantage
of powerful
recent imaging

A.Damasio
1962
(1994)
1963
(1999)
1964
(2003)

‘Compatibilism’
accounts for
apparent
1959
freedom.
Supported by
quantities of
neuroscientific
research,

understanding
of the person
endowed with
both spiritual
and material
faculties.
Haldane urges,
“No
epistemology
without
1960
ontology”.
Hylomorphism
rejects the
position that
substances are
either material
or immaterial.
Instead it posits
the possibility of
psycho-physical
substances, with
a nature capable
of both physical
and mental
1961
activity.
Damasio’s
attempts
demonstrate the
difficulty,

1954

F. Crick and C. Koch, “Towards a neurobiological theory of consciousness,” Seminars in the
Neurosciences 2, (1990).
1955
D. A. Leopold and N. K. Logothetis, “Multistable phenomena: changing views in perception,”
Trends in Cognitive Science 3, (1999).
1956
W. Singer, “Phenomenal awareness and consciousness from a neurobiological perspective,” in
Neural Correlates of Consciousness, T. Metzinger ed. (Cambridge MA: MIT Press, 2000).
1957
st
Susan Greenfield, I.D. The Quest for identity in the 21 Century.
1958
The global workspace account posits a seat of consciousness in the brain. The shifting
coalitions (Baars, 1988) suggests temporary networks underpinning consciousness. The synchrony
account (Crick and Koch, 1990) which suggests synchronous firing of neurons is the key. This
account lends itself to utilising brain imagery to localise higher function. For example, Crick in The
Astonishing Hypothesis locates free will in the anterior cingulate region of the brain.
1959
This is the view, first proposed by Koch and Dennett, that free will and determinism are
compatible, essentially free will is reduced to freedom to act.
1960
Haldane, “A return to form in the philosophy of mind,” 57. This principle underpins the
hylomorphic refutation of attempts to discuss executive control, qualia or consciousness without
addressing the ontology of the substance.
1961
Haldane argues that an hylomorphic understanding of the person allows a richer model of
human behaviour than the various alternative contemporary approaches to the philosophy of
mind that are physicalist, or epiphenomenalist. He argues that these alternatives are both
reductionist. He insists that form contributes order, that forms received play a decisive role in
perception, and that intentional forms play a decisive role in action.
1962
Damasio, Descartes’ Error.
1963
Damasio, The Feeling of What Happens. Body and Emotion in the Making of Consciousness.
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techniques
revealing the
mechanisms of
emotion and
cognitive
processing.

J. LeDoux
1965
(1998)

Damasio and
LeDoux have
developed
arguments
supporting the
notion of a
profound unity
in the organism
on materialistic
assumptions.

perhaps
impossibility, of
defending
specific
metaphysiological
conclusions
about human
nature in the
absence of a
concept of
person. They
demonstrate the
need that mindbody
speculation
must be
supported by a
metaphysically
rich
anthropology.
1966

Functionalism.

Functionalism It
is “the view that
mental states
can be analysed
in terms of their
relationships to
sensory inputs,
behavioural
inputs, and
other mental
states. Thus pain
is not identical
with a particular
neurophysiological
state, but with
any state which
is caused by
injury and
manifests itself
in pain
1967
behaviour.”
Functionalism is
more a family of

Hilary Putnam
1970
(1968)
J.Fodor
1971
(1968)
N.Block
1972
(1978)

Functionalism
allows mental
states to be
causes of
1974
behaviour.

Ryle seems to
be a forerunner
of functionalism
which may be
seen as a
successor to
behaviourism.
Functionalism
built on the
insights of folk
psychology.

Functionalism is
a reassertion of
the language of
psychology.

Functionalism is
the orthodox
view in
contemporary
philosophy of
mind (going

1975

Mental states,
while physically
based, are not
conceptually
identified with
the physical. The
mental, while
supervening on
the physical, is
not conceptually
reducible to the
1976
physical.

Critique of the
functionalist
approach
observes that
the focus is on
the
phenomenon of
consciousness
rather than on
an articulation
of its causes.
Functionalism
finds its origins
in
behaviourism.
1978
(See above.)
The focus is on
black box inputs
and outputs.
Functionalism
has much in
common with
hylomorphism.
1979
It grants

1964

Damasio, Looking for Spinoza.
LeDoux, The Emotional Brain.
1966
See 5.2.1.1 and 5.2.1.2.
1967
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 977.
1970
H. Putnam, “Brains and Behaviour” in Analytical Philosophy II, R.J.Butler ed. (Oxford: Blackwell,
1968), 1-19.
1971
J. Fodor, Psychological Explanation (New York: Random House, 1968).
1972
Not all those who describe their approach as “functional” are necessarily materialist.
1965
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Computational
functionalism.
1981

empirical
models
concerned with
sensory inputs
and behavioural
outputs, rather
than an
understanding
of mental
1968 1969
activity.
“According to
this theory,
mental states
are complex
symbols, and
mental
processes are
computational
processes. In
short: the mind
is a
1982
computer.”

back to Putnam
1973
and Fodor).

Functionalism
comes in many
forms. It
developed
primarily as a
token physicalist
1977
theory.

the real
existence of
things, avoids
treating mind as
a substance and
discusses
causality in
apparently nonmaterial terms.
1980

R.W. Sperry
1987
(1966)
J. Fodor (1990)
N. Block (1986
1988
and 1995)
H.Putnam(1992)
1989

Computational
Theory of Mind
was the
predominant

This non
reductive
physicalist form
of functionalism
emphasises the
reality of mental
phenomena,
consciousness
and mental
1991
causation.
1992
An account
that is

An hylomorphic
critique notes
the lack of
scientific
foundation for
emergentist
presupposition.
The hylomorphic
responses to
functionalism,
above, also

1974

Putnam (1968) and Chihara and Fodor (1965). McLaughlin, “Philosophy of Mind,” 597. Their
position “appeals to the simplicity, plausibility, and predictive accuracy of an explanatory system as
1974
a whole”.
1975
nd
Ned Block, “Consciousness” in Oxford Companion to the Mind, 2 ed., Richard L. Gregory ed.
(Oxford: OUP, 2004). Yet the adoption of an a priori materialist position by some functionalists,
and a disregard for metaphysical considerations, lead to a deterministic reading of human action.
In contrast with others of behaviourist lineage but on the basis of real world observations,
functionalists do acknowledge the causal role that mental states play. Functionalism, in contrast to
behaviourism, allows that mental states should be causes and effects.
1976
Ludwig, “The Mind-Body Problem: An Overview,” 9.
1978
Block, “Consciousness”.
1979
“It is often said that Aristotle is the founder of functionalism because of his view that the
function of an entity determines its form.” Cf Moran, ed., The Routledge Companion to Twentieth
Century Philosophy, 977. Of course this is in the order of knowledge. Metaphysically, the reverse is
true: the form of an entity determines its function.
1968
st
For example, functionalism seems unable to grapple with the notion of 1 person experience.
1969
Functionalism shows little interest in the ontological questions. Cf Hilary Putnam in
Guttenplan, ed., A Companion to the Philosophy of Mind, 513. It is telling that Putnam, after his
repudiation of functionalism, has written that the “key elements of functionalism operate... within
a seventeenth century perception of the mind”.
1973
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 977.
1977
Patterson, “Philosophy of Mind”. In an early variant, the Australian Functionalists (Armstrong,
Lewis and Smart) “used functionalist analyses to argue for the type identity theory. They regarded
mental states as functionally specified physical states.”
1980
Nussbaum and Putnam, “Changing Aristotle’s mind,” 27-56. See Chapter 4. Prominent
Aristotelian philosopher, Martha Nussbaum, and Putnam have jointly issued publications
discussing what they describe as the functionalist aspect of hylomorphism.
1981
nd
Roger Penrose, “Consciousness” in Oxford Companion to the Mind, 2 ed., Richard L. Gregory
ed. (Oxford: OUP, 2004). Roger Penrose classifies the search for the neural correlates of
consciousness (see above “Competition for executive control accounts”) under this category.
1982
Ravenscroft, Philosophy of Mind. A beginner’s guide, 192.
1987
R.W. Sperry, “Mind, brain and humanist values,” Bulletin of Atomic Science 22, (1966).
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“Brain
physiology
determines the
mental effects”
in this
“interactionist”
model “in which
mental
phenomena are
described as
…supervening,
rather than
intervening in
the physiological
process”.
Consciousness is
an “autonomous
phenomena”.
1983

The mentalist
view
corresponds to
the ascendency
of cognitivism
over materialist
behaviourism in
psychology in
1984 1985
the 70s.

theory of mind
from the mid
70s to mid 80s.
1990

“emergentist,
functionalist,
interactionist
and monistic.”
1993

Proponents
contrast their
position with
both
behaviourist
materialism and
dualism.
In more recent
years it has been
influenced by
computer
development.
1994

Fodor and Block
have
investigated the
challenge of
qualia for
functionalism.

apply.
References to
neurobiology
are
characterised by
non sequitur
conclusions
typically
attributing
consciousness to
the complexities
of neurobiology.
1995 1996

Computational
functionalism is
bereft of a
metaphysical
basis upon
which to
demonstrate
freewill and
causality.
Ultimately, it
appears open to
reduction to
determinism or
dualism.

1986

1988

Ned Block, “On a confusion about the function of consciousness,” Behavioural and Brain
Science 18, (1995): 227-47.
1989
Nussbaum and Putnam, “Changing Aristotle’s mind,” 27-56. See Chapter 4.
1991
Patterson,“Philosophy of Mind,” Chapter 12. Again, this is a most broad category. Not all those
included would consider themselves materialist.
1992
Block, “Functionalism”. Putnam and Fodor “saw mental states in terms of an empirical
computational theory of the mind”
1983
Sperry, “Consciousness and Causality”.
1984
Moran, ed., The Routledge Companion to Twentieth Century Philosophy, 982. Mentalist
understandings of consciousness are founded on neurobiological explanations. “Mentalism treats
meaning and concepts as psychic phenomena in the mind of individuals.”
1985
Armstrong, “Mind body problem: philosophical theory”. Mentalist theories emphasise the
immediacy and certainty of the mind knowing itself in contrast with material things.
1986
Hilary Putnam in Guttenplan, ed., A Companion to the Philosophy of Mind, 513. Fodor’s work
contributed to “The rehabilitation of mentalism, the conception of mental phenomena as inner
causes, involved its detachment from the ‘Cartesian’ conception of mental phenomena as
immaterial causes which were ‘inner’ in the sense of being private, of being subjective phenomena
uniquely accessible to a single consciousness.” Non reductive functionalism may include
teleological approaches.
1990
Jerry Fodor The Language of Thought. New York: Thomas Crowell, 1975.
1993
Sperry, “Consciousness and Causality”.
1994
Ned Block, “Functionalism” in Guttenplan, ed., A Companion to the Philosophy of Mind,
323.325. through Putnam (1967) who suggested mind to be analogous to software, and through

603

Quantum
indeterminism.
This is an
attempt to
marry the
physics of
quantum theory
to neural
science in order
to account for
free will.

H.P Stapp
1997
(1993)
Roger Penrose
1998
(1994)
J.Schwartz
1999
(2002)
G.Vitiello
2000
(2002)
J.Searle
2001
(2007)
M.Gazzaniga
2002
(2011)

Penrose
proposes
“Quantum
gravitation
2003
coherence”.
Other advocates
adopt detailed
analysis of
neural
structures to
argue for laws of
quantum
mechanics and
therefore of
physical
indeterminacy.
Recently
Penrose and
Hameroff
publicized their
“quantum soul
2004
theory”.

This position
appears to be
characterised by
a misapplication
of the principles
of quantum
physics to
account for
phenomena not
reducible to the
physical. The
theory is based
on imagination
and assertion
rather than
weight of
evidence.
Physicalist
emergent
approaches
must fail to
demonstrate
any physical and
therefore
determined
basis for human
freedom, the
ability to know

Block’s (1978) psychofunctionalism: “that the scientific nature of the mental consists not in
anything biological, but in something organizational, analogous to computational structure.”
1995
Sperry, “Consciousness and Causality”. As for note above, this need not imply a position of
determinism. For example “Thus the critical, multinested space time pattern properties of the
neuronal infrastructure, as well as the mass-energy elements, must also be included in the causal
account.”
1996
“A representation is conscious if it is broadcast on a global neuronal workspace.” Block,
“Consciousness”. This position does not necessarily suggest physical determination but the exact
meaning requires clarification. Note also: the underpinning emergent view is primarily based on an
evolutionary development of the mind. Essentially it is materialist view, asserting that matter
possesses undescribed mechanisms that account for the phenomena of consciousness.
1997
H.P. Stapp, “A quantum theory of the mind-brain interface,” in Mind, Matter, and Quantum
Mechanics, (Berlin: Springer, 1993), 145–172.
1998
Roger Penrose, Shadows of the Mind (Oxford: OUP, 1994).
1999
Schwartz and Begley, The Mind and the Brain.
2000
G. Vitiello, “Dissipative quantum brain dynamics,” in No Matter, Never Mind, ed. K. Yasue, et al.
(Amsterdam: Benjamins, 2002), 43–61.
2001
J. Searle, Freedom and neurobiology. Reflections on free will, language and political power (NY:
Columbia University Press, 2007).
2002
Gazzaniga, Who’s in charge. Free will and the science of the brain.
2003
Churchland, “Consciousness”. “’Quantum gravitation coherence’ occurs within the
microtubules of the brain’s axonal fibres as the hallmark or essence of consciousness, on grounds
that blocking such coherence may explain how anaesthetics work, while the achievement of such
quantum-level coherences may explain the existence of sound but non algorithmic mathematical
knowledge.”
2004
The hypothesis that quantum effects within neuronal microtubules constitute the soul.
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New mysterian
account

Colin McGinn
2005
(1989)

The term harks
back to the “old
mysterians”,
supposedly the
Cartesians, who
proposed
nonnatural
solutions
without
adequate
explanation.

Panpsychism

"The view that
the basic
physical
constituents of
the universe
have mental
2008
properties."

“New
mysterianism is
a postmodern
position
designed to
drive a railroad
spike through
the heart of
2006
scientism”
The position
argues that the
hard problem of
consciousness
cannot be
resolved
because we can
never know
another’s
subjective
2007
experiences.

William James
(1900s)
Thomas Nagel
2009
(1974)
Panpsychism
has ignited
interest in

A form
of property
dualism
following four
premises:
materialism;
non
reductionism;

reality and
universals, and
to form lovechoices. The
notion of
participation in
being remains
an insuperable
obstacle for
materialist
indeterminacy.
As the New
mysterian
account is
essentially an
emergent view
of
consciousness,
the hylomorphic
responses to
emergentism
are applicable.
Ultimately
qualia, in a
physicalist
account, cannot
escape the
determinism of
their origins.
Haldane insists
that
preoccupation
with the study
of qualia must
not take priority
over the
ontological
questions. See
above.
Nagel’s concern
has been to
provide an
effective
refutation of
2012
physicalism.
Hylomorphic

2005

C. McGinn, Mental Content (Oxford: Blackwell, 1989).
O.J. Flanagan, Consciousness Reconsidered (Cambridge MA: MIT Press, 1992), 10,131.
2007
Nevertheless, as there is no possibility of studying consciousness from outside the system,
there is a certain common sense in these insights.
2008
Thomas Nagel, Mortal Questions (Cambridge: Cambridge University Press, 1979), 181.
2009
T. Nagel, “What is it like to be a bat?” Philosophical Review 83, (1974): 435-50.
2006
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consciousness
and qualia. It
was to some
extent a
reaction to the
materialist
identity theories
that were
dismissive of the
significance of
subjective
experience.

realism; and non
2010
emergence.
It is a universal
mental particle
theory.
Nagel
postulated nonmental, nonphysical
properties,
“proto mental
properties” in
response to the
difficulty of
understanding
subjective
2011
experience

critique would
question the
possibility of
discussion of
rationality, as a
prerequisite to
certain mental
experience,
within a
functionalist and
essentially
materialist
2013
paradigm.
As a non
reductive
materialist
position
responses above
apply.

2014

4. Ontological anti reductionism
Dualism
Dualism is “the
philosophical
theory that
supposes that
the mind is
essentially
independent of
the brain,
though mental
events run
parallel with
physical brain
2015
events”.

K.Popper and
J.Eccles
2016
(1977)
J.Foster
2017
(1996)
Following
Descartes other
figures modified
the theory.
Malebranche
developed
“occasionalism”

Descartes
proposed
separate
spiritual and
material
substances.
“Mind and body
interact and
ideas represent
material things
without
resembling
them”; “God

“The error of
the Cartesian is
to suppose that
non-physical
attributes imply
an exclusively
incorporeal
substance as
2021 2022
bearer.”
Cartesian
dualism
represents an

2012

Cf Nagel, “What is it like to be a bat?” 437. Nagel argued “If physicalism is to be defended, the
phenomenological features (of experience) must themselves be given a physical account. But
when we examine their subjective character it seems that such a result is impossible” His approach
respects the hylomorphic principle that only like properties may be compared.
2010
The view of Thomas Nagel.
2011
McLaughlin, “Philosophy of Mind,” 597.
2013
Nagel is preoccupied with demonstrating the reality of experience rather than the reality of
being itself. He chooses not to discuss key metaphysical questions. Strawson’s argument that
person is more fundamental than a person’s mind or body is relevant here.
2014
“Ontological antireductionism holds… that certain higher-order phenomena cannot even in
principle be fully explained by physics, but require additional principles that are not entailed by the
laws governing the basic constituents. With respect to biology, the question is whether the
existence and operation of highly complex functionally organized systems, and the appearance of
self-replicating systems in the universe, can be accounted for in terms of particle physics alone, or
whether they require independent principles of order.” T Nagel, “Reductionism and
Antireductionism” Novartis Foundation Symposium 213, (1998):3-10.
2015
nd
“Dualism” in Oxford Companion to the Mind, 2 ed., Richard L. Gregory ed. (Oxford: OUP,
2004), 271.
2016
K. Popper and J.Eccles, The Self and its Brain (Springer, New York, 1977).
2017
J. Foster, “A defence of dualism” in The Case for Dualism, J. Smythies and J. Beloff
ed.(Charlottesville: University of Virginia Press, 1989).
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2018

; Leibnitz
developed a
theory of
harmony among
non interacting
monads;
Spinoza within a
one substance
view proposed
a paradigm of
2019
property.

makes these
things
2020
happen”.
Cartesian
dualism has
difficulty in
accounting for
sensation,
knowledge and
causality.

essentially antiAristotelian view
of the material
2023
world.
Descartes’ view
of the mind as a
substance, an
object, was a
category
2024
mistake.
“There is no a
priori reason to
think that the
mind is
intimately
related to the
brain and
Aristotle did not
associate them.”
2025 2026

Attribute
Dualism

Essentially
attribute
dualism
proposes we
comprehend the
same reality
whether under
mental or

Spinoza
2028
(1677)
Strawson
2029
(1959)
Thomas Nagel
2030
(1986)
David Chalmers
2031
(1996)

The higher
region of the
brain is a
physical
substance “with
some non
physical
2032
properties”.

The “neo
dualist”
approach may
cite the “body or
some part of it,
ie the brain, as
being that with
which this

2021

Haldane, “A return to form in the philosophy of mind,” 58 Haldane argues that “a proper
understanding of substantiality should lead one to reject the idea that a wholly physical particular
could be the bearer of intrinsic attributes that are non-physical.`
2022
Anscombe insisted philosophy must once and for all discard Cartesian ways of thinking about
matter. “The divide between matter and mind was drawn differently by the ancients and
medievals from the way it is drawn in modern times. So far as I know, the source of the new way
of drawing the line is Descartes….” She nominated the very passage where Descartes made the
mistake of identifying brain and mind in his Second Meditation. G. E. M. Anscombe, Collected
papers of GEM Anscombe, Vol 2, Metaphysics and the Philosophy of Mind. Republished as Human
Life, Action and Ethics (Oxford: Basil Blackwell, 1981), Chapter 1.
2018
Occasionalism: in which the mind and body do not interact but God makes them appear to.
2019
Richard A. Watson, “Dualism” in The Cambridge Dictionary of Philosophy, Robert Audi ed.
(Cambridge: CUP, 1995).
2020
McLaughlin, “Philosophy of Mind,” 597. Descartes held that extension is the essence of the
physical and so minds are not physical. He held that two way causation without any physical basis
connects our minds to our brains.
2023
Armstrong, “Mind body problem: philosophical theory”. This involves rejection of teleological
considerations, with bodies operating as machines according to physical principles. Ironically
Descartes opens the door to a materialist account of the mind.
2024
Ryle and Anscombe both argued this. Furthermore an hylomorphic critique points out the
mistake of attributing efficient causality to representations in the intellect and guards against a
materialisation of the process.
2025
McLaughlin, “Philosophy of Mind,” 597.
2026
McLaughlin, “Philosophy of Mind,” 597.Ryle argued that mind, while a noun, is not an object,
and so Descartes was confusing discourse about body with that of mind, which is to have
capacities and dispositions.
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physical
attributes.
There are many
forms of dual
aspect theory.
Double aspect
theory is in fact
a family of
theories:
universal or
restricted,
mixed mental
particle
2027
theories.

Non dualist,
dual aspect,
social being

A non reductive
account holding
that human
beings are truly
free and that
they operate in
a social context.

Attribute
dualism traces
back to Spinoza
who proposed a
single eternal
substance with
attributes
including
extension and
thought;
ordinary things
are modes of
this substance.
Spinoza’s theory
may also be
seen as a form
of panpsychism.

Gillett (2001)

2037

Attribute
dualism adopts
a “special
particle theory”
that
incorporates a
restricted mixed
mental particle
theory: “that
some basic
constituents of
things, which
are at least
spatially located,
have mental
properties, but
2033 2034
not all”.

There are
aspects of an
analytic
approach that
avoids the
metaphysical.
Gillett holds that
the explanation

subject is
associated” thus
permitting “a
psychophysical
subject of
thought and
2035
action”.
In contemporary
philosophy of
mind, the
attribute dualist
appears to
underestimate
the notion of
participation
and so struggles
to offer a
plausible
explanation for
2036
rationality.
Malo’s critique
of this position
centres on free
action as not to
be conceived as
external. It is
not a “freedom
from without”,
but rather “from

2028

B. Spinoza, Ethics (1677).
P. Strawson, Individuals. An Essay in Descriptive Metaphysics (London: Methuen, 1959).
2030
T. Nagel, The View from Nowhere (Oxford: Oxford University Press, 1986).
2031
Chalmers, The Conscious Mind. In Search of a Fundamental Theory.
2032
Haldane, “A return to form in the philosophy of mind,” 58.
2027
Leopold Stubenberg, "Neutral Monism". “Its relationship to neutral monism is therefore
difficult to discern. All versions of the theory appear to be committed to the view that there are
certain substances—god or nature (Spinoza), persons (Strawson), body or brain (Thomas Nagel),
information (a view explored by David Chalmers)—that are intrinsically neither material nor
mental.”
2033
Ludwig, “The Mind-Body Problem: An Overview,” 17.
2034
Ludwig, “The Mind-Body Problem: An Overview,” 17. While this position is not among the
traditional responses to mind body problem it appears to hold currency in certain neuroscientific
circles
2035
Haldane, “Incarnational anthropology,” 78.
2036
This challenge was unanswered also by Spinoza whose one substance view was ultimately an
unsatisfying understanding of rationality. Cf David Papineau, “Consciousness” in Oxford
nd
Companion to the Mind, 2 ed., Richard L. Gregory ed. (Oxford: OUP, 2004), who notes that
attribute dualism requires us to make a false choice of either denying dualism or identifying
conscious experiences with the neural causes of behaviour.
2037
G. R. Gillett, “Free will and events in the brain,” Journal of Mind and Behaviour 22, 3 (2001):
287-310. (Available at www.btinternet.com/~Negativecharisma/freewill/gillet1.pdf.) Gillett’s
approach is to link freedom with the ability to accord one’s behaviour with socal rules: in a sense
this is another perspective on freedom shown in one’s capacity to carry out the will of another, or
the beloved.
2029
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Non dualist,
dual aspect,
hylomorphism.

2038

A non reductive
account holding
that, in the
person, the
material is
animated by a
non-material
principle, and
that operations
and activity,
both mental and
physical, are
carried out by
this ensouled
body.

AristotelianThomistic
philosophers of
mind. In recent
years, Haldane
and Nussbaum
among others.

of human action
lies in the the
person’s mental
acts. He argues
that there are
two kinds of
reality: physical
and psychic.
Psychic is
constituted not
by mental
processes but by
the form of the
human action in
a social context.
See extended
discussion in
1.5.

within”,
depending
“ontologically
on the
2038
person”.

Hylomorphism
provides a “third
way”, a most
attractive
solution that
allows for a non
dualist, dual
aspect,
alternative,
while allowing
for the nonmaterial
dimension of
human nature.

Antonio Malo, “Three theories about freedom” pre publication manuscript, 145.
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Table 2.1
Search Process
Search
number

Date

Database

1

21.8.08

Medline

2

10.2.09

Scopus

3

10.2.09

Scopus

4

10.02.09

Medline

5

10.02.09

Medline

6

22.04.09

Scopus

7

22.04.09

Scopus

8

22.04.09

Scopus

9

22.04.09

Scopus

10

22.04.09

Scopus

11

19.10.12

Pubmed

12

19.10.12

Pubmed

13

19.10.12

Pubmed

Key words
Numerous other searches
were conducted in
preparation, identifying
words that were most
2039
effective in the searches.
Learning. Plasticity. Synaptic
strengthening.
Neuroscience. Plasticity.
Habitual behaviour.
Neuroplasticity. Learning.
Emotion.
Neuroscience. Neuronal
plasticity. Behaviour.
Neuronal plasticity.
Learning. Habits.
Neuroplasticity OR Plasticity
AND Moral development.
Neuroplasticity OR Plasticity
AND cognition AND Habit
AND Moral
Neuroplasticity OR Plasticity
AND Cognition AND Habit
Plasticity AND Executive
Function AND Moral
Plasticity AND Personality
AND Neuroscience AND
Habit
Neuroscience AND Emotion
regulation (Recent reviews
only)
Basal Ganglia AND Emotion
regulation
Experience AND Plasticity

Number
of
studies

Number
of
relevant
results

18

9

20

12

23

1

27

3

11

2

82

12

12

3

188

19

3

2

13

4

82

7

67

3

75

5

2039

Prior to settling on searches of 10.2.09 and 22.04.09 I conducted extensive trial searches with
further key words: procedural learning, automatisation, automaticity, goal directed actions, mirror
neurons, virtue, emotion, emotion regulation, neuropsychology, attention.
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Table 2.2
Systems for sensitive periods of development
Principal sources: Arden and Linford (2009); Coon (1997); Kessels and Malinow (2009);
Knudson (2008); Stevens (2008).
Prima facie association with
development and exercise of
virtue

 The term “sensitive
periods” denotes a
developmental window of
opportunity, whereby
there is an enhanced
capacity for plastic change
and learning in response
to experience, emotional
content, or novelty.
 Of particular interest in
the field of virtue
education are sensitive
periods found in relation
to affection, early
experience, imitation, and
adoption of new
behaviours during early
years. First impressions
are lasting impressions.
Experiences during
upbringing, particularly
when the stimuli are
associated with emotional
significance, can be
virtually indelible.
 Windows of opportunity
in sensitive periods vary:
for imprinting the window
is open only for a few
hours; for language, for
years. Responsiveness to
maternal affection is
largely lost after the
earliest years. The
security of affection, in
turn, facilitates other
aspects of learning from
parents.

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 Sensitive periods of
development occur across
all neural structures and
pathways.
 Forms of sensitive period
learning relevant to virtue
education are closely
associated with
attentional systems.
Learning in critical periods
is effortless because the
nucleus basalis presents
as active throughout
during these periods. The
nucleus basalis, and the
attention system in which
it plays a critical part have
been described as “the
modulatory control
system of plasticity”.
(See Table 2.9 Attentional
systems.)
 The relationship between
sensitive periods and
cortical development is
much documented.
 The amygdala is
particularly active in
mediating early
attachment relationships,
and reaction to stress and
non conscious emotional
memories.

Principal pathways and
mechanisms.

 During the early stages of
neuronal development,
guidance mechanisms are
particularly active:
astrocyte, and associated
molecular guidance cues
of migrating neurons and
production of growth
(trophic) factors;
 Various mechanisms are
directly involved in
sensitive period learning.
Experience tunes both
excitatory and inhibitory
connections in a largely
non reversible manner
and according to Hebbian
principles. NMDA
receptors triggering gene
transcription associated
with LTP and LTD are
integral to the
mechanisms of the
sensitive periods and
developmental learning.
Also, BDNF, hypothalamic
oxytocin, DA and 5-HT are
implicated.
 Systems associated with
responsiveness to
affection are implicated in
sensitive periods.
 Attentive mothering leads
to gene transcripted
cellular changes in the
hippocampus reducing
basal levels of
glucocorticoids and
abolishing thereby anxiety
and fearfulness. The end
of the sensitive period is
triggered sensory input
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and possibly by
myelination.
 Neurotrophins
 Emotional arousal, for
example in the positive
affect produced by sound
mothering, appears to
promote synaptic
plasticity in memory
promoting learning.
Mechanisms include
release of NE.
 Attentional mechanisms
operate in conjunction
with the great range of
mechanisms of plasticity
associated with sensitive
periods of development
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Table 2.3
Overview of the numerous systems and mechanisms of plasticity operating at the cellular
and molecular level.
Principal sources: Butz (2009); Graybiel (2008).
Prima facie association with
Principal associated brain
development and exercise of areas
virtue
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 The brain’s virtually
 Plasticity is evident
ubiquitous capacity for
throughout the cortical
plastic change permits the
and subcortical areas of
various forms of learning,
the human brain,
including the learning of
including areas of the
good habits.
brain associated with
emotional regulation and
 Plastic changes are shown
reward systems: most
to be triggered by neural
notably areas of the PFC,
activity itself. Hence
the limbic system and the
repeated experience lays
BG, areas central to the
down consolidated
changes evident in the
pathways whereby
acquisition of virtue.
previous behaviours are
more easily revisited.
 See also: 2.4.7; 2.5.4;
2.7.3.
 Plastic changes provide a
neural explanation for the
phenomenon of habit.
Furthermore, freely
chosen behaviours and
activities are selfreinforcing. Prior choices
are more easily replicated.
 Forms of structural
plasticity dependent on
gene expression bring
about permanent neural
changes, and potentially
new behaviours and a
modified personality.

Principal pathways and
mechanisms.

 Structural plasticity is
ubiquitously present in
the mature human brain.
(See Table 2.15 Summary
of mechanisms for
neuronal structural
plasticity as presented
throughout Chapter 2.)
 Developmental plasticities
allow neural development
driven by for timely inputs.
In the character
development of a young
child, training in
moderation of gratification
and endurance of
difficulties is more easily
learned.
 Activity dependent
plasticity is present across
the cortex, in subcortical,
limbic, and lower brain
areas, and at the
neuromuscular synapse.
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Table 2.4
Systems for learning
Principal sources: Ito (2001); LeDoux (2001); Manns and Hichenbaum (2008); Pollak (2005);
Siegal and Sapru (2006); Waxham (2008); Wickens (2009).
Prima facie association with
development and exercise of
virtue

 Learning denotes
knowledge acquired
through experience, or
changed behaviour as a
response to experience.
Learning may be either
conscious or unconscious.
 Learning and memory are
key processes by which
environment and
experience alter
behaviour.
 Systems implicated in
general learning will also
be implicated in moral
learning.
 Virtue is a form of
experiential learning.
Moral learning, moral
“education”, is central to
the development of
virtue, and in particular, to
the development of
conscience, an aspect of
the virtue of prudence.
 Growth of intrinsic
motivation over external
reward as automaticity is
developed accords with
view that virtue is carried
out for its own sake.
 Development of
automaticity is intrinsice
to virtue. That DA release
associated with rewarding
outcomes facilitates
learning, and that reward
paradigms convert over
time to automaticity in
the BG suggest a central
role for reward systems in
learning of at least some

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 Numerous brain centres
are implicated in learning,
including: hippocampus
(initially implicated in
classical conditioning but
now known to play a
major role in filing explicit
memory); cerebellum
(critical for long term
retention of the learned
response); striatum
(procedural and reward
learning); amygdala
(emotional memories);
cortex (long term
memories).
 The roles of the cortex
and of the BG are most
significant for this study.
The ventral striatum is
associated with emotional
and reward learning; the
dorsal striatum lays down
memory for motor habits
and instructs the PFC in SR situations. The cortex
(most especially areas of
PFC, association areas,
and the medial temporal
lobe) plays a role in many
forms of memory. The
networks of the major
learning systems include
cerebral cortex.

Principal pathways and
mechanisms.

 See 2.3 Neural bases for
learning and memory.
 Forms of functional and
structural neuronal
plasticities underpin
mechanisms of learning.
Forms of implicit learning
such as fear and operant
conditioning, classical
conditioning, habituation,
and sensitization utilise
various mechanisms
varying synaptic strength.
For example, there may
be decreases or increases
in synaptic strength
following changed
transmitter release or
presynaptic facilitation,
associated changes in the
dendritic tree, etc.
 Explicit learning, tends to
utilise forms of LTD
mediating longer term
changes. Learning
associated with LTP and
LTD is mediated by NMDA
receptors, coexisting with
A receptors, activated by
L-Glutamate.
 DA is a key mediator of
emotion and reward
associated learning
throughout the limbic,
striatal and cortical
regions. Various other
neurotransmitters and
modulators also effect
learning.
 ACh mediates learning at
the neuromuscular
synapse as well as vivid
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forms of volitional
behaviours associated
with virtue.

fearful memories in the
nucleus basalis.
 Forms of procedural
learning, involving
increased automaticity
may develop from prior
goal directed actions. This
appears to be a pattern
associated with habit
learning: A-O paradigms
transform to S-R
paradigms with over
learning. Automaticity
takes over with
accompanying changes
from external to intrinsic
motivation.
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Table 2.5
Memory systems
Principal sources: Alvarez et al. (2007); Arden and Linford (2009); Bailey and Chen (1983);
Bear (2007); Bechara et al. (2000); Butz et al. (2009); Byrne (2008); Chistiakova and Volgushev
(2009); Costa-Mattioli (2008); Da Cunha et al. (2009); Desmurget et al. (2007); Engert and
Bonhoeffer (1999); Deutch and Roth (2008); Floyer-Lea and Matthews (2008); Froemke et al.
(2007); Lynch (2004); Manns and Hichenbaum (2008); Marieb and Hoehn (2010); McGaugh
(2004); Pastalkova et al. (2006); Pasupathy and Miller (2005); Roesch and Schoenbaum (2006);
Romero et al. (2008); Squire et al. (2008); Stranahan and Mattson (2008); Tapia and Lichtman,
(2008); Tomita et al (1999); Tully et al. (2003); Vaynman and Gomez-Pinilla (2005); Waxham
(2008); Wickens (2009); Whitlock (2006); Yasumatsu et al. (2008).
Prima facie association with
development and exercise of
virtue

 Learning and memory are
key processes by which
environment and
experience alter
behaviour.
 Memory is the process of
encoding, storage and
retrieval of knowledge
acquired through
experience.
 Memory systems are
functionally implicit to
learning, to response to
reward and emotion, to
habit formation, to goal
election, and all cognitive
function.
 Memory is a functional
prerequisite for the
exercise of virtue:
memory of past
behaviours, of reward, of
contextual and emotional
resonances, and of
principles of right and
wrong, all have relevance.
 Mechanisms of nondeclarative memory
appear to facilitate the
ease of practice and the
inherent motivational
rewards in virtue, while
during the more arduous
process of acquisition of
virtue, declarative

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 Memory is distributed
through cortical and lower
brain areas. Actual
behaviour is supported by
multiple memory
systems. Memory may be
non-declarative (implicit
and procedural) or
declarative or episodic
(conscious and
recollective); it may be
long term, intermediate,
short term, or working
memory, an even more
transient form of short
term memory.
 Long term nondeclarative procedural
memory is located in BG
in association with
cerebellum and
neocortex. Memory in the
striatum instructs the PFC
with respect to S-R
situations. Long term nondeclarative emotional
memory is dependent on
amygdala which
associates rewards and
punishments with
particular cues. Long term
non-declarative motor
memory is distributed in
conditioned reflexes
dependent upon
cerebellum.

Principal pathways and
mechanisms.

 See 2.3 Neural bases for
learning and memory.
 The numerous
mechanisms of plasticity
are at the basis of
memory.
 LTP and LTD appear to be
mechanisms in the cortex
and hippocampus
associated with long term
memory storage.
Feedback loops, and
permanent loss of axonal
input are further
attractive mechanisms for
information storage.
 Further mechanisms for
consolidation of
memories include:
synaptic homeostasis;
use-induced plasticities
another;and BDNF is
implicated in converting
short term memories to
long term memories.
 Neural stem cells
persisting in regions near
ventricular layers
including the
hippocampus are
implicated in mechanisms
for memory and learning.
 There is remarkably
complex interplay of
brain areas in both short
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memory plays a more
significant role.
 Memory is enhanced in
the presence of emotion
that is not excessively
intense. That affection
enhances memory
establishes an early
childhood facilitation.

 Long term declarative
memory is based in the
median temporal lobe and
the medial diencephalon,
known as the
hippocampal memory
system.
 Memory in the cortex is
highly plastic. OFC is richly
connected to other
cortical areas and to the
limbic system mediating
emotional memory.
 Hippocampal memory is
important for both spatial
and non-spatial learning,
and is rapidly acquired by
facilitating novel
associations. The
hippocampus initially acts
as retrieval system for
information in widespread
areas of neocortex and
facilities ongoing cortical
plasticity. Hippocampal
plasticity is supplanted by
cortical plasticity over
time, mediated by the
striatum.
 Cerebellar memory is
involved in motor reflex
learning.











and long term learning.
Short term memory is
possibly mediated by
virtually instantaneous
spine growth, and
mechanisms of rapid spine
assembly (typically 20
mins) where modifications
can be virtually
instantaneous.
Activation of stored
memories depends on
PFC – temporal cortex
connection. Working
memory in neocortex
involves some form of
synaptic facilitation
possibly based on
reverberating circuits.
Short term memory in PFC
appears to depend on
dopaminergic receptors.
Emotional memory is laid
down by NE mediated
plasticity principally in the
BLA. Intentional recall is
managed by
hippocampus, which is
subject to cortical
direction.
Interconnections between
the PFC, the medial
temporal lobe, and
hippocampus appear
implicated in working
memory, which is linked
to problem solving and
planning.
The role of the BG in
action selection and
storage of non declarative
memories is mediated by
convergent projections,
synchronised by the
timing of ACh release by
giant cholinergic aspiny
neurons, which are
tonically active.
Sleep is shown to create a
context for Hebbian and
non-Hebbian
consolidation of memory.
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Table 2.6
Systems for imitation and empathy
Principal sources: Arden and Linford (2009); Byrne (2008); Carr and Jacoboni et al. (2003);
Jacoboni et al. (1999); Nitschke et al. (2003); Pollak (2005); Schore (2001); Rizzolatti G et al.
(2009).
Prima facie association with
development and exercise of
virtue







Imitation is one of the
core processes for
learning from the
environment and from
the example of others.
The neural basis for this
is now increasingly well
described and provides
an explanation for the
ease of acquisition of
virtuous behaviours by
children.
Imitation and empathy
are related at the level
of neural systems.
Plasticity in the systems
for empathetic response
appears integral to the
development of
sensitivity for the rights
and needs of others, and
an understanding of the
consequences of one’s
actions, which appear to
be are at the core of the
virtue of justice.
Effective emotional
modulation of
deliberation is essential
for sound reasoning
particularly in areas
requiring empathy with
others, understanding of
others viewpoints etc,
and TOM.

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 The imitation
mechanisms, mirror
neurons, are present in
the left frontal
operculum area (Broca’s
area) and the right
anterior parietal cortex.
Empathy and imitation
involve activity in frontoparietal, the superior
temporal cortex, the
amygdala, and insula.
 OFC, at the apex of a
limbic circuit connecting
the VMPFC, AC gyrus,
amygdala and temporal
pole, plays a major role
processing appreciation
of moral consequences
of behaviour, and
assessing interpersonal
context. Activation of
the OFC produces warm
and loving feelings, to
the extent that the OFC
can overwhelm
consciousness with these
feelings.
 Left and right OFC
appear to differ in
function, the right
decodes mental states of
others and is associated
with empathy with
others; the left reasons
about mental states. The
right orbitofrontal and
right anterior insula
cortices are components
of a pathway that
integrates bodily

Principal pathways and
mechanisms.

 Increasingly, the
mechanisms of imitation
and empathy are being
linked to the activity of
mirror neurons. The rapid
development of speech
appears to reflect the
maturation of the
association cortical areas
indicating that imitative
systems enjoy dense
cortical interconnections.
 There is now abundant
evidence that
developmental realities
as well as learned
realities (including moral
realities such as how one
exercises one’s freedom),
govern effective
consideration of the
consequences of actions.
Grey matter reaches a
maximum at 10-12 years
of age in parietal lobe, 1112 in frontal lobe, and 1617 in temporal lobe. In
contrast to grey matter,
white matter maturation
continues throughout
childhood and
adolescence, and into
early 20s for males.
Myelination tends to
progress from lower to
higher brain areas. Higher
cortical areas are last to
develop. All this bears
significantly on the
capacity to consideration
of consequences of one’s
actions, for example on
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responses with
attentional and
emotional states. The
right limbic system is key
to complex attachment
dynamics and
interpersonal coping.
BG are acknowledged to
have a key role in control
and modulation of social
behaviours and may be
integral to a progressive
evaluation process of
behaviours. “Current
findings are consistent
with a role for incoming
afferent input in
selectively stabilizing
functional synapses and
in eliminating or
suppressing inactive
contacts.” (Byrne, 2008.)

rational consideration of
risks, and of the impact of
one’s actions on others.
This area appears closely
associated with the
development of empathy
towards others.
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Table 2.7
Systems for habit formation
Principal sources: Beretta et al. (2008); Byrne (2008); Doyon et al. (2009); Marieb and Hoehn
(2010); Martin (2003); Wise and Shadmehr (2002); Yin and Knowlton (2006).
Prima facie association with
development and exercise of
virtue

 Virtues may be
understood as freely
chosen automatised
behaviours.
 Strictly speaking habit
learning refers to the
spectrum of automatized
behaviours supported by
the BG.
 Mechanisms of habit
learning also offer an
explanation for the
phenomenon of
behaviours that appear to
remain robust in the
absence of immediate
rewards. We have seen
immediately above that
emotional regulation and
reward processing are
interdependent. Reward
processing and habit
formation also are
interlinked systems, with
reward processing
essential in the early
stages of laying down
habits. This accords with
the view that extrinsic
motivation assists initially
in establishing patterns of
good behaviour; in time
this is transformed into
forms of intrinsic
motivation with the
development of a degree
of automaticity.
 The brain regions and
pathways associated with
the BG seem to offer a
significant key to

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 Brain regions associated
with habit formation are
areas of the BG as well as
the posterior parts of the
cerebellum, the non
primary motor cortex, and
the PPC. Via the
oculomotor and
skeletomotor limbic loop,
the BG play an integral
role in management of
motor responses to
cortical direction.
 BG are now seen as a
centre, not only for
subconscious facilitation
of habits, but also
mediating deliberate
attention, and limbic
modulation of cognition
and action. Hence it is an
area critical for learning,
cognition and behavioural
control. It appears to have
a key role both in habit
formation, and in the
pursuit of complex,
purposeful, behaviour
patterns. It may be argued
that individual goal
directed behaviours, on
repetition become
automated and less
reward dependent, but
nevertheless they remain
purposeful, thereby
fulfilling requirements for
virtuous action. That
actions are automatic,
should not be taken to
mean that they are less
conscious. The relevance

Principal pathways and
mechanisms.

 Procedural memory
consolidation is
associated with the
reward systems of the
brain. DA release from the
SN is believed to trigger
memory formation in the
BG. There is also evidence
for emotional facilitation
of memory in the BG.
 Striatal habit formation is
subject to cortical
management via the
striatal-cortical pathway.
The dorsal pars (dorsal
striatum and SN) lays
down memory for motor
habits, actions and
outcomes, playing a key
role in S-R habit learning.
It receives afferents from
associative (more
implicated in A-O learning)
and sensorimotor
domains. The caudate
nucleus receives
information from cortical
sensory, motor and
integrative areas. The
caudate is an area of the
“associative striatum” and
receives inputs from
association cortices. The
putamen is regarded as an
area of the sensorimotor
striatum. DA
neuromodulation inputs
this region from the SNpc.
This region is involved in
learning and movement
initiation.
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understanding the neural
bases of virtue.
Converging research over
the past decade links habit
formation and volition. In
particular, the BGthalamo-cortical loops
with their widespread
cognitive-emotional
interaction offer insights
into processes of planning,
goal selection, self
regulation, attention and
motivation. Furthermore
this automatisation lies at
the heart of the easy
repeatability of
behaviours associated
with virtue… for example
the habit of greeting
courteously, of getting up
when the alarm goes off,
of reacting to difficulties
with patient strategies,
etc. Mechanisms of habit
learning also offer an
explanation for the
phenomenon of
behaviours that appear to
remain robust in the
absence of immediate
rewards.

of this to virtues as
conscious, automatic
(performed with little
overt effort) behaviours, is
seen.
 Hippocampal plasticity
and memory are present
in the development phase
of habits in the striatum.

 The prefrontal cortexbasal ganglionic pathways
sustain voluntary
movement, whereas the
motor cortex-basal
ganglionic modules
underlie more automatic
movements.
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Table 2.8
Systems for emotional management
Principal sources: Arden and Linford (2009); Balbernie (2001); Barbas and Zikopoulos (2006);
Beauregard et al (2001); Bennett (2011); Carr and Jacoboni et al. (2003); Davidson
(2000);.Depue and Collins (1999); Graybiel (2008); Guyton and Hall (2006); Heatherton and
Wagner (2011); Keopp et al. (1998); LeDoux (1998); Lee (2007); Markowitsch et al. (2003);
Pare et al. (2004); Posner and Rothbart (2000); Rapp and Bachevalier (2008); Ray and Zald
(2012); Salzman and Fusi (2010); Schore (2001); Siegal and Sapru (2006); Squire (2008); Zotev
et al. (2011).
Prima facie association with
development and exercise of
virtue

 Emotion management
systems are at the heart
of directing our desires
towards appropriate
pleasure and towards
worthy goals despite
difficulty.
 The habitual
management of emotion
according to what is
rational is the essence of
the exercise of virtue.
 Appropriate
emotional/aesthetic/
social/moral education is
central to the
development of virtue.
 Emotional regulation
involves cortical
regulation of goals,
memories and emotional
experience. The potential
for emotion to enhance
rationality has been much
noted in recent years.

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 Emotion is processed in
the brain in various
regions including several
parts of the PFC, namely
DLPFC, VMPFC, OFC, as
well as the amygdala,
hippocampus, anterior
cingulate, and insular
cortex. Subcortical
sensory inputs to the
amygdala can drive
emotional responses that
precede cortical
awareness.
 Conscious regulation of
emotion utilizes OFC,
DLPFC and VMPFC,
although evidence
suggests that it is
reciprocal processing
rather than top-down
direction that is effective.
DLPFC appears to
“arbitrate” conflicting
emotional situations, and
in conjunction with VLPFC
and ACC can formulate
action plans not tied to
emotional input. The
VMPFC which appears to
play a key role in
predicting positive and
negative affective
consequences. The OFC is
regarded as the limbic
gateway to the cortex,
crucial in emotional
control. The OFC, within

Principal pathways and
mechanisms.

 There is no single
emotional system in the
brain and therefore no
single system for
emotional management.
Furthermore there is close
interplay between the
reward systems, the goal
directive and executive
systems of the brain, and
the systems of emotional
management.
 Major emotion associated
connections enter the PFC
and especially the OFC
and ACC from various
brain locations including
cortical memory centres,
amygdala, hippocampus,
thalamus, hypothalamus,
VTA, and olfactory system.
 The PFC utilises rich
interconnectivity to the
BG, amygdala,
hippocampus, anterior
cingulate, and insular
cortex. Several parts of
the PFC, namely DLPFC,
VMPFC and OFC are
involved in this processing
of emotion. The capacity
of the PFC to elicit
conscious representations
of emotion and to assess
affective consequences of
actions, via neuroplastic
remodelling, is at the core
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the lateral sulcus is
adjacent to both the
temporal lobe and the
parietal, appears to
integrate various
sensations, allowing
rational processing of raw
emotion:
viscerosensations, taste,
pain, and feelings of
disgust. The OFC is
activated by tasks where
processing of rewarding or
emotional information is
required.
 The proximity of these
areas of the PFC and
limbic centres facilitates
emotional regulation. The
DLPFC and ACC are
activated in suppression
of sexual response and in
conscious management of
lustful feelings. The ACC
appears to play a role in
inhibiting impulsive
behaviours and in
generating goal-directed
behaviours. There is
evidence that it plays a
role in analysing
conflicting options.
 There are brain circuits
for specific emotions, eg
hypothalamus associated
with the basic drives;
anterior insula plays a key
role in disgust; amygdala is
active in the experience of
fear and mediates
emotional influences on
attention and perception;
the BLA in the storage of
emotional memories; and
the PFC is active in
conscious representations
of emotion, and in
assessing affective
consequences of actions.
 Amygdala is active in
processing of emotion. Via
reciprocal pathways
reaching virtually all parts
of the cortex the
amygdala influences not
only fear response, but
higher order thought

of improved affect
regulation in the PFC,
allowing the OFC to
effectively inhibit
activation of subcortical
areas such as the
amygdala.
 The DMPFC is also closely
associated, linking with
inferior parietal cortex,
the DLPFC, and the
posterior cingulate. It
receives limbic inputs and,
with its linkages to other
PFC areas, integrates the
emotional reaction and
experience with cognitive
processing.
 BG-thalamo-cortical loops
permit complex cognitiveemotional interaction
offer insights into
processes of planning,
goal selection, self
regulation, attention and
motivation. The
prefrontal-limbic network
(including ACC, amygdala
and hippocampus),
modulated through
hypothalamus, BG and
midbrain, is central.
 The amygdala plays a
central role in fear
conditioning, via the
reciprocal corticoamygdalic pathway in
emotional regulation. The
amygdala is now known to
receive neuronal signals
from all limbic cortical
areas, and from the
temporal, parietal and
occipital cortex (most
especially the auditory
and visual association
areas). Efferent
connections return to
these cortical areas as well
as to the hippocampus,
the septum, the thalamus
and the hypothalamus.
Cortical afferents to the
amygdala appear to assist
in modifying fear
representations in the
amygdala. The frontal-
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process, working and long
term memories, ongoing
perceptions, attention,
mental imagery etc.
 The BG are strategically
positioned for regulation
of emotional responses as
it is positioned within the
thalamo-limbic-cortical
pathway, the limbic loop
of emotional
management; dysfunction
of basal ganglia-limbic
circuitry leads to
schizophrenia and severe
anxiety. “Increased
corticostriatal
transmission leads to
increased thalamocortical
activity, and an increased
likelihood of behavioural
response
expression”(Horvitz,
2009). In the case of tonic,
not phasic, DA output, LTD
is likely to result in these
cells.

amygdala pathway is less
effective in mediating
frontal regulation of
emotion than the frontalstriatal pathway.
 The architecture of the
brain facilitates the close
cooperation of basal
structures, OFC, amygdala
and hippocampus in
cognitive and emotional
deliberations. The ventral
striatum is the target of
inputs from the limbic
cortex, the hippocampus
and the amygdala.
 Neurotransmitters (most
particularly the amines,
DA, 5-HT and NE) play a
key role in modulating the
individual’s emotional
responses. DA, which
plays a major role in
mechanisms for emotion
and reward, is widely
diffused in cortex with
80% is concentrated in the
striatum. 5-HT receptors
are found in cells in the
raphe nucleus in the brain
stem, and also in nerve
endings throughout brain.
5-HT is known to inhibit
aggression.
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Table 2.9
Attentional Systems
Principal sources: Breedlove et al. (2010); Froemke et al. (2007); Kaas and Stepniewska
(2002); Knudson (2008); Koch (2008); Lundy Ekman (2007); Markowitsch et al. (2003); Pollak
(2005).
Prima facie association with
development and exercise of
virtue

 Plasticity both enables
and is directed by our
attention system. In turn
focussed attention
permits directed plasticity
in the brain: it is regarded
as the system controlling
aspects of plasticity. In
other words, our capacity
to direct attention allows
us some management of
plasticity mediated
learning, including the
development of habit and
virtue.
 Attention allows
suppression of goal
irrelevant issues and is a
prerequisite for many
forms of learning and
memory, and for goal
election, cognition and
executive function, all of
which are required for the
acquisition of virtue.
 The capacity to attend
and will power appear
closely linked.
 Normally we attend to
stimuli that our senses or
imagination present to us.
However, the ability to
pay attention to a goal
that is neither pressing
nor present is central to
rationality.

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 Various cortical and
subcortical areas
cooperate in the
attentional systems. The
parietal lobes, extensively
connected with
subcortical areas of the
thalamus and the nucleus
basalis, appear to account
for the capacity to direct
attention, known as
endogenous attention.
 The BG play an integral
role in attention
regulation, and in
attentional loops.
 ACC involvement in
attentional systems
appears necessary for
learning, and a
prerequisite for goal
election and executive
command.

Principal pathways and
mechanisms.

 Attention is dependent
upon the fronto-parietal
control system. Structures
in the parietal, frontal and
cingulated cortices at the
top of the visual system
hierarchy,
neuromodulated by the
cholinergic nucleus
basalis, generate signals
guiding selective
attention.
 Attentional mechanisms
are linked to NMDA
plasticities. Mechanisms
for enhancing attention
involve neural signalling
amplification.
 Various
neurotransmitters are
directly implicated in
mediating attention: DA
appears to facilitate
attention. ACh release
into thalamus is critical for
consciousness and for
selection of objects of
attention.
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Table 2.10
Instrumental learning in the basal ganglia.
Principal sources: Da Cunha et al. (2008); Graybiel (2008); Horvitz (2009); Robinson and
Berridge (2003); Yin and Knowlton (2006).
Learning with
respect to rewards
may be
Form of
instrumental
learning present in
BG
Form of memory

Goal directed

stimulus-outcome
(S-O)
Preceding A-O
learning.

action-outcome
(A-O)

stimulus-response
(S-R)

declarative (explicit
and conscious)

procedural
(unconscious or
automatic)
Appropriate
schedules of
reinforcement, or
overtraining of A-O
learning leads to
habitual learning and
movement of active
zone of BG towards
the dorsal striatum.
Coincident active
inputs for stimuli and
outputs for motor
responses are
strengthened.
A habitual
association between
specific stimulus and
response is
established.
Unaffected by
reward devaluation.

Facilitation

DA mediated in the
presence of
representations of
rewards.

DA mediated in the
presence of
representations of
rewards.

Process

Presentation of
reward.

Through learning the
behavioural response
is associated to a
particular outcome.

Core features

Immediate appetitive
response.

Conditions

Process of initial
exposures.

A cognitive and
explicit recognition
of the causal
relationship between
act and outcome.
The subject must
retain in memory the
value of the expected
outcome. The causal
relationship between
action and outcome
must be
demonstrated.
DLPFC and motor
cortices
Ventral striatum.
Caudate.
Association cortex to
DMS (caudate in
humans) and is
modulated by reward
expectancy (and by
the limbic loop which
plays a key role in
Pavlovian learning)

Cortical substrate
Striatal substrate

NAc.

Pathway

Limbic to NAc.

Habitual

Highest level of
automaticity.

Motor cortices
Dorsal striatum.
Sensorimotor cortex
to DLS... the
sensorimotor
striatum, the
putamen, in humans.
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Table 2.11
Reward and motivational systems
Principal sources: Arden and Linford (2009); Barbas and Zikopoulos (2006); Beretta et al.
(2008); Buitelaar (2012); Da Cunha et al. (2009); Depue and Collins (1999); Di Filippo et
al.(2009); Graybiel (2008); Guyton and Hall (2006); Hamann et al. (2002); Heatherton and
Wagner (2011); Koch (2008); Manns and Hichenbaum (2008); Miller and Cohen (2001); Horvitz
(2009 ); O'Doherty and Dolan (2006); Petersen (2007); Price (2006); Roesch and Schoenbaum
(2006); Roberts and Parkinson (2006); Shiflett and Balleine (2011); Somerville and Casey
(2010); Wagner and Silber (2004); Schultz and Tremblay (2006); Wickens (2009); Yin and
Knowlton (2006).
Prima facie association with
development and exercise of
virtue

 Reward systems are
implicated at most levels
of volitional and subvolitional activity.
Through their interaction
with the emotional
systems they provide
incentive for action,
including virtuous action.
 To find pleasure in
appropriate activities is
the mark of virtue, and
hence the link between
reward expectations,
emotional responses,
conscious goal election,
and virtue.
 Intrinsically motivated
activity is pleasurable in
itself and is an essential
characteristic of virtuous
activity.
 A habit of appropriate
reward expectation is
directly linked to the
development of the virtue
of temperance.

Principal associated brain
areas.
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.

Areas of the amygdala,
BG, and OFC are
interconnected major
reward centres of the
brain.

The OFC is activated in
processing rewarding or
emotional information, of
both an affective and
attentional type; it is
associated with goaldirected conscious choices
of action, and in
integrating information
about rewards and
punishments and their
predictors to select goals
for action. Medial OFC
may be implicated in
reward and lateral OFC in
punishment. OFC allows
association information to
access representational
memory promoting
“voluntary, cognitive, and
goal directed (not stimulus
driven) behaviour and
facilitating new learning.”
Spindle cells link the OFC
and the ACC. They are
now believed to play a key
role in goal directed
behaviour and self
control, and possibly also
in mechanisms of
attention.

Principal pathways and
mechanisms.

 There are two major
reward systems: the
exciting DA driven, and
the blissful endorphin
driven. DA release is the
principal mechanism of
reward activation. 5-HT
and oxytocin also
mediate rewards.
 There are two major DA
systems in the brain:
o from the SNpc to
caudate and putamen
and in a minor way to
the NAc- this appears
linked to laying down
of procedural memory,
and possibly to higher
order personality
traits;
o the mesocorticolimbic
DA system (mesolimbic
dopamine system)
originating in the VTA
and innervating the
NAc, the amygdala and
the various parts of the
cortex, particularly the
PFC- central to the
brain’s reward circuit,
and critical in
facilitation of incentive
motivation.
 Emotion and reward
processing are
interdependent. The
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 BG are a central
component in both of the
principal DA reward
systems. The role of the
BG, and of the corticostriatal pathways, in
conscious goal election is
increasingly well
understood. Ventrally
based limbic reward
transforms to dorsally
based pathways
associated with habit
formation and also
addiction.
 Goal directed behaviours
modified by the BG are
based less on reward
representations in the
ventral striatum and more
on cortical based rewards.
A-O mechanisms give way
to S-R mechanisms also
mediated by the striatum.
These are not opposed to
actions carried out with
intention, expectancy and
internal representation:
such neural activity should
not be assumed to be
solely a function of
antecedent stimuli. In
turn, the BG exert a major
modulatory effect on
glutamatergic cortical
outputs via striatalcortical reciprocal
pathways.
 The BG and OFC are
closely associated in
reward processing. BG and
OFC are activated in
association with
movement for an
expected reward; cells of
the striatum become
active in anticipation of
reward, mirroring reward
coding in the OFC. BG are
a central component in
both of the principal DA
reward systems. Ventrally
based limbic reward
transforms to dorsally
based pathways
associated with habit
formation and also

ventral pars (NAc and the
VTA) is a key component
of mesolimbic pathway
which is active in reward
situations playing a major
role in motivation. DA
afferents to BG effect
modulatory output back
on the cortex via the
cortical-BG-cortical
pathways. Appetitive and
aversive systems share
aspects of common
neurobiology. Phasic DA
and -opioid messaging
are mutually
interdependent.
 The OFC has reciprocal
connections to the limbic
system and to the
striatum (including via the
cortico-striato-pallidothalamic loop) similar to a
loop associated with the
medial PFC. The OFC
(particularly area MOC13),
with rich connection to
the amygdala, plays a
complex processing role.
 DA release, triggered by
the novelty of reward
stimuli, is central to the
creation and
reinforcement of
associations, is the
condition for synaptic
plasticity in the BG
synapses between
corticostriatal neurons
and MSNs, possibly
involving reverberation in
the cortico-striatal loop.
this study proposes that
triggerings by deliberate
and conscious cortical
pathways offer the
satisfaction of greater self
management and are thus
attuned to the integrated
flourishing of the entire
organism.
 Cognitive control of goal
election depends on
interplay of a PFC areas,
reward system
(moderated by NAc), and
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addiction.
 NAc, pallidum and
amygdala, as well as areas
of the OFC are active in
reward and also in pain
processing.
 Cue-reward learning and
synaptic plasticity in LA
appears to be a decisive
mechanism underpinning
goal directed behaviour.
 The hippocampus appears
also to play an integral
role in the formulation of
goal directed motor plans.

harm avoidant system
(amygdala).
 Closed cortical (lateralPFC,
orbitalPFC, and the
premotor cortex) - BG
loops possibly enable PFC
to link complex
anticipated behaviours
with rewards and then
cache chunked to achieve
desired outcomes in the
rapid plasticities of the
striatum.
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Table 2.12
A summary of the domains of executive function.
Note: Regions of the PFC do not act in isolation in relation to the functions outlined below:
other brain regions provide provide input and feedback facilitating executive control.
Principal sources: Arden (2009); Balbernie (2001); Beauregard et al. (2001); Davidson (2000);
Koch (2008); Lazar et al. (2005); Lee (2007); Manns and Hichenbaum (2008); Markowitsch et
al. (2003); Miller and Wallis (2008); Moghaddam B & Homayoun H (2008); Nelson (2006);
Nolte (2009); Posner (2005); Reynolds et al. (2008); Tomita et al. (1999); Zald and Rauch
(2006).
Region

Location and linkages

DLPFC

 Top and sides of the
forward lobes.
 Closely linked to
parietal multimodal
cortex, and
somatosensory, visual
and parietal
association areas

VLPFC

 In interacting with
DLPFC and ACC, the
VLPFC is active in
choosing not to
follow familiar
behaviour or in
choosing a novel
behaviour.
 Includes anterior
cingulate and
orbitofrontal areas

VMPFC

Executive functions in
which implicated
 Key regulator of
cognitive processes.
 Manipulates sources
of information.
 Involvement in
cognitive strategies,
planning and
formulation of goals.
 Appears to be seat of
working memory;
(evidence that OFC
also implicated)

 VLPFC appears
contributory to self
control and emotional
inhibition.
 VLPFC activated by
tasks requiring
information in
working memory.
 Key role in inhibition
of inappropriate
behaviours.
 Mediation of
emotional processing
and social decision
making.
 Prediction of positive
and negative affective
consequences.
 Role in analysis of
conflicting options.
 Possible role in

Comment
 Damage leads to poor
contextual
modification of plans.
 DLPFC appears to
juggle the various
cognitive cortical
inputs of memories,
anticipations, self
evaluation, long and
short term planning.
It appears to play a
role in measuring
personal conduct
against norms.
 DLPFC and ACC have
been shown to be
directly related in
conscious
management of
lustful feelings.
 VLPFC appears
implicated in reward
circuitry in monkey
studies.

 Damage leads to
impulsivity, socially
inappropriate
behaviours and
inappropriate
emotional responses.
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working memory.
 Central role in
regulation of
motivated responses.
 Implicated in risk
taking and decision
making.
 Implication in
executive processing
of reward incentive.
OFC codes for the
reward value of
stimuli, responding to
anticipation of future
events and so are
shown to have access
to representations of
the external world.
 Olfactory processing
 Co-implication in
working memory in
the DLPFC.

OFC

 Adjacent to frontal
areas of the striatum
and provides gateway
for thalamo-striatal
and limbic connection
with higher cortical
regulation.
 Linkages to all PFC
areas, ACC and insula.
 Modulatory inputs
from VTA.

ACC

 Extensive links to
limbic system via the
hippocampus, the
shell region of the
NAc and the
amygdala.
 Extensive links to all
cortical areas.

 Involvement in
direction of attention,
inhibition of impulsive
behaviours, and in
generation of goaldirected behaviours
 Facilitation of
information transfer
between areas of the
PFC

DMPFC

 Links with inferior
parietal cortex, the
DLPFC, and the
posterior cingulate. It
receives limbic inputs
and, with its linkages
to other PFC areas,
integrates the
emotional reaction
and experience with
cognitive processing.
 Fronto-parietal
network implicated in

 Adjusts behaviour
according to
emotional cues, and
assists in regulation of
emotional response.

Parietal
cortex

 Involvement in
response inhibition

 Inhibition of
impulsive behaviour
may be localised to
the right lateral and
medial OFC.
 Right hemisphere
appears to play a
greater role in
response inhibition.
 NB: effective
regulation also
requires election of
appropriate choices.
 Possibility that mOFC
is implicated in
reward and the
lateral OFC in
punishment.
 Right OFC decodes
mental states of
others, and is
associated with
empathy with others;
left OFC reasons
about mental states.
 Activation of OFC can
flood consciousness
with warm positive
feelings.
 Parietal, frontal and
cingulated cortices at
the top of the visual
system hierarchy,
appear to generate
signals guiding
selective attention.
 Maintenance of
attention appears to
involve the ACC with
the cooperation of
the right anterior
insula.
 Active in perspective
taking and TOM.

 Parietal, frontal and
cingulated cortices at
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visuo-spatial
processing and
working memory.

Temporal
cortex

 Closely
interconnected to all
parts of the the
cortex, and especially
PFC.

and attentional
systems.

 Implication in
memory, processing
sensory input, use of
language, and aspects
of emotional
processing.

the top of the visual
system hierarchy,
appear to generate
signals guiding
selective attention.
 Hippocampus is
below the cortex of
the medial temporal
lobe.
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Table 2.13
Systems for cognition, consideration of consequences, planning, goal election and executive
direction.
Principal sources: Balbernie (2001); Barbas and Zikopoulos (2006); Beauregard et al (2001);
Boller and Grafman (1994); Crossman and Neary (2005); Zald and Rauch (2006); Fuster (1989);
Guyton and Hall (2006); Davidson (2000); Lazar et al (2005); Lee (2007); Markowitsch et al.
(2003); Miller and Wallis (2008); Moghaddam and Homayoun (2008); Passingham (1993);
Posner and Rothbart (2000); Reynolds et al. (2008); Siegal and Sapru (2006); Tomita et al
(1999).
Prima facie association with
development and exercise of
virtue

 The links between
cognition, rationality and
virtue are closely
associated at the
psychological level. Brain
systems associated with
cognition and goal
election interconnect with
neural subdivisions
implicated in moral
behaviour. (See Table
5.1.)
 Human cognition
normally implies rational
capacities: for conscious
goal setting, reasoning,
deliberation as to
consequences and means,
and final election.
 The capacity to set specific
goals, to direct one’s
actions to those goals, to
reason about
consequences and means,
appears central to
cognition and to rational
acts disposed by
prudence. That one
chooses goals fitting for
one’s nature is a mark of
rationality; virtue is
essentially the neuronal
disposition assisting in the
habituation of this
capacity.
 The capacity to pay due
regard to the impact of

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 The PFC presents as the
most significant region of
the brain associated with
cognition, deliberation
and executive direction.
Areas of the PFC are
central to control of
behaviour, awareness,
memory, and the general
interpretive area and the
speech centre; they are
responsible for limbic
regulation and reward,
deliberation and
assessment of
consequences, empathy,
motor planning,. The PFC
is centrally implicated in
higher order cognition,
and executive function,
involving many aspects of
personality, and planning,
insight and foresight. This
area has the capacity to
synthesise cognitive,
emotional, contextual and
somatic information into
goal directed behaviours.
 The interconnection
between lateral,
orbitofrontal and medial
sectors, including the ACC
appears to facilitate
cognitive and emotional
processing, and volitional
activity. (See also above:
Systems of Emotional
Management.)

Principal pathways and
mechanisms.

 The PFC is richly
interconnected with the
other functional sectors in
the frontal lobe (for motor
and speech), with the
other lobes, with
subcortical motor
systems, with limbic and
midbrain emotion and
reward circuits. This
interconnectivity
facilitates cognitive
activity.
 It is now apparent that
pathways for cognition,
executive function,
reward evaluation and
motivation, learning and
memory, include the BG
and do not reside solely in
the outer cortical layers.
The striatum is a key
target of excitatory major
projections from entire
cortex, and is “constantly
informed about most
aspects of cortical
function” (Nolte, 2002).
Afferent pathways, input
pathways to the BG, are
from all regions of the
cortex, from the VTA, the
ILN and the SNpc.
 Cooperation between
cortex and the BG is
necessary for effective
cognition and goal
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one’s actions on others,
modifying them
accordingly, characterises
acts disposed by the virtue
of justice.
 The exercise of virtue
requires rightness and
perfection of reason; the
operations of reason are
perfected by the virtues
of prudence and justice.
 The development of
rationality follows a
developmental trajectory.
Myelination and
development of the PFC
continues into the third
decade of life. In keeping
with the Aristotelian
proposal that infants and
children, not possessing
full rationality, are not
capable of perfect virtue,
neonates manifest little
activity in the cerebral
cortex. However the
speed of development is
striking: in first four years
of life, cerebral neuronal
activity increases to twice
adult levels (reflected in
twice adult levels of
metabolic rate). There is a
decline thereafter to age
15 at which adult levels
are achieved. This activity
parallels the rise and
decline of numbers of
synapses.











2040

The lateral PFC is
activated by cognitive
tasks, the VLPFC by tasks
requiring information in
working memory, and the
DLPFC when information
must be manipulated.
Anterior areas of PFC may
have a role in information
transfer between these
other areas. Furthermore,
the PFC appears
implicated in formulation
of possible futures. The
DLPFC appears to be the
key regulator of cognitive
processes, richly
interconnected to the
parietal multimodal cortex
as well as to the
somatosensory, visual and
parietal association areas.
The contribution of BG to
intentional behaviour,
learning and decision
making, is also recognised.
BG play an important role
in regulation of the
function of the cerebral
cortexperhaps in
overlaying deliberate
cognitive agendas onto
habituated actions. Check
ref.
Via the cortical association
areas-caudate loop, the
caudate is implicated in
modulation of cognitive
cortical function.
Interaction between BGPFC loops adds further
dimensions of limbic and
cortical modification of
outputs.
This study argues that in
the development and
exercise of virtue the BG
are closely associated
with, serves to modulate,
and ultimately is second in
importance to, the PFC as
central protagonist.
Learning in the BG is a
dynamic process,

2040

directed activity.
Cognitive control and
emotional self regulation
are closely
interdependent.
Cognition of appropriate
rules assists: the PFC
(focusing on acquisition of
new rules) and the BG
(focusing selection of rules
appropriate to the
situation) play
complementary roles in
rule learning. Attentional
mechanisms play a critical
role in achieving such
affect regulation and self
management.
 Rich neural loops
involving BG and PFC are
also deemed significant in
mediating recursive
thought. Fast plasticity in
the striatum favours
learning the “snapshots”
of action that capture
immediate circumstances,
favoured alternatives, and
how to get there; slow
plasticity of the PFC
favours links to other
centres and creation of
entire models, future
scenarios, of action.
Neural loops between the
BG and other areas
provide a basis for the
exchange of concrete
information inherent in
deliberation.
 Lower brain areas supply
the PFC, along with the
other cortical areas, with
continuous electrical
stimulation; a prerequisite
for conscious activity to
take place. Excitatory
signalling (utilising ACh),
and reverbatory excitatory
signalling, via the
thalamus, to almost all
cortical areas, are critical
in this process.
Mechanisms of control

Horvitz, “Stimulus-response and response outcome learning mechanisms in the striatum,” 131.
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facilitated by highly
redundant parallel
pathways. The BG
contains inhibitory
GABAergic neurons, spiny
in the striatum and aspiny
in the pallidum, requiring
strong and coherent
excitatory cortical inputs
from almost all cortical
areas to become active.
The BG are a region of
great biochemical
diversity, exhibiting
almost all the neuroactive
agents. Basal forebrain
projections innervate the
hippocampus, amygdala,
and neocortex.
(See also above: Systems for
habit formation, for
additional contribution of BG
in cognition.)

utilize the release of NE
from the LC (usually
excitatory), DA from the
SN (inhibitory in the BG,
and possibly excitatory
elsewhere in the cortex),
5-HT from the raphe
nuclei (inhibitory), and
ACh from the
gigantocellular neurons of
the reticular excitatory
area.
 Spindle cells in linkages
between ACC, OFC and
insula are associated with
quick decision making.
These pathways are
complemented by
neurochemical pathways
enabling appreciation of
rewards and difficulties.
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Table 2.14
Systems for effective execution of motor commands
Principal sources: Bear (2007); Byrne (2008); Doyon et al. (2009); Floyer-Lea and Matthews
(2008); Hof et al. (2008); Hoshi et al. (2005); Kaas and Stepniewska (2002); Kalat (2001);
Marieb and Hoehn (2010); Pollak (2005); Rapp and Bachevalier (2008); Squire (2008); Wise
and Shadmehr (2002).
Prima facie association with
development and exercise of
virtue

 Virtues empower action
in ways tailored to the
flourishing of our being.
This includes disposing us
to execute movement
towards worthy
objectives. Therefore the
neural bases for virtue
require effective
connections with motor
control, even though not
all virtuous activity
requires expression in
motor activity.
 Efficient and obedient
motor control is integral
to the practice of some, if
not all, of the virtues.
Some virtues, such as
generosity, require social
interaction for the
complete expression of
2041
the virtue.
And this is
not only the case with
social virtues: temperance
may manifest in the
capacity to redirect one’s
attention; courage may
require expression
through words; even
justice may necessitate
delivering, not just
considering, an apology.

Principal associated brain
areas
Discussion proceeds from
overview, and thence to
higher brain areas, to
subcortical structures, the BG
and limbic structures.
 The PFC is well connected
to motor cortices, primary
motor cortex, premotor
and supplementary motor
areas, allowing effective
command pathways.
 Long term storage of
explicit motor knowledge
is in the PFC and
associated parts of the BG,
while storage of
intermediate term explicit
motor knowledge is in the
MTL. The dorsal striatum
is implicated in the longterm storage of welllearned movement
sequences.
 The BG play a role in
anticipating movement
and in motor control:
putamen neurons are
active in anticipation of
body movements; caudate
nucleus neurons are active
prior to eye movements;
the putamen receives
input from motor and
somatosensory cortical
areas.
 The hippocampus plays an
integral role in the
formulation of goal
directed motor plans.
 The cerebellum assists in

Principal pathways and
mechanisms.

 The PFC is richly endowed
with connections for
conscious motor
management. Anatomical
loops between the PFC
and the BG, closely
associated with motor
systems and acting as a
site of converging inputs
from other cortical and
subcortical areas. Also the
PFC has direct and indirect
connections to the limbic
system and endowed with
abundant intrinsic
connectivity.
 Pathways of motor control
feature areas of the BG:
GP and the SN play major
roles in motor control
selecting patterns of
cortical activity and
ultimately selecting and
reinforcing chosen motor
programs; processing of
motor commands takes
place in the caudate
nucleus and in the GP,
with output across to
thalamus and then back to
cortical motor areas.
Outputs of the BG directly
impact on motor control
by affecting activity of
motor areas in the cortex.

2041

And although a person suffering from advanced Parkinson disease, and therefore without the
capacity to express emotion on the face, can possess the virtue of cheerfulness in his internal
dispositions, he lacks the capacity for the normal manifestation of virtue of cheerfulness, a ready
smile.
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movement and motor
habits has a likely role in
formation of cognitive
habits. There is now
evidence that the
cerebellum and the BG are
well interconnected and
interactive via a cerebellothalamo-striatal pathway.

The system operates
mainly “to modify cortical
motor representations
rather than control
behaviour through direct
motor inputs” (Manns,
2008).
 The BG-thalamo-cortical
loop is associated with
motor control and also
with habit formation. It
provides a direct route for
subsequent motor
commands. Motor
learning involves dynamic
interplay between corticostriatal, cortico-cerebellar,
and limbic systems. The
dorsal striatum instructs
the PFC in S-R situations.
 The mechanisms of
efficient motor control at
the cellular level are
reasonably well described.
The premotor cortex
appears to cache memory
for motor activities
triggered by ACh release
from the basal forebrain.
ACh is the principal
mediating agent
(excitatory) at the
neuromuscular synapse,
opening ion channels,
with Epi also playing a
role. Glutamate and
aspartate are the major
excitatory
neurotransmitter in the
CNS and responsible for
most of the fast synaptic
transmission in the
mammalian brain. NE is
distributed to the
cerebellum and other
areas from noradrenergic
nucleus, the locus
coeruleus, within the
pons.
 Axonal myelination is
required for speed of
sensory and motor
messaging along the long
pathways from the brain,
as well as for much
connectivity within the
brain itself. Mature
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myelination of motor
systems takes place in the
first two years of life,
although intracortical
connections are
myelinating into third
decade of life, a fact that
seems reflected in the
disconnect that can exist
between motor activity
and cognition. For
example a disproportion
of serious driving
accidents take place with
young drivers at the
wheel. Cortical
myelination is not
complete until the third or
fourth decade of life.
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Table 2.15
Summary of mechanisms for neuronal structural plasticity discussed in Chapter 2.
“Structural plasticity is ubiquitously present in the mature brain.” (Butz et al. 2009)
2042

2043

2044

Sources: Alvarez et al.(2007) ; Blakemore (2008) ; Blundon and Zakharenko (2008) ;
2045
2046
2047
Butz et al. (2009) ; Chistiakova and Volgushev (2009) ; Conde and Caceres (2009) ;
2048
2049
2050
Corlew et al (2008) ; Desmurget et al. (2007)
; Di Filippo et al. (2009) ; Johnston et al.
2051
2052
2053
(2009) ; Kessels and Malinow (2009) ; Kim and Hoffman (2008) ; Nelson et al.
2054
2055
2056
2057
(2006) ; Nestler (2001) ; Pyne and Shenker (2008) ; Squire et al. (2008) ; Scott and
2058
2059
2060
Aperia (2009) ; Stevens (2008) ; Stranahan and Mattson (2008) ; Vaynman and Gomez2061
Pinilla (2005) ;
Category
Developmental
plasticity

Mechanism
 Genetic mechanisms,
including neural
overproduction followed
by PCD, and
overproduction of
synapses and deletion of
immature synapses.
 Modification of genetic
transcription in response

Features
 Mature development of neural
structures appropriate to
environmental inputs.
 Various stages of development
manifest periods of elimination of
synapses, for example during
adolescence.

2042

Alvarez, et al. “Distinct Structural and Ionotropic Roles of NMDA Receptors in Controlling Spine
and Synapse Stability,” 7365-7376.
2043
Sarah-Jayne Blakemore (2008) “The social brain in adolescence” Nature reviews neuroscience
Vol 9 April 2008 267-277
2044
Blundon and Zakharenko, “Dissecting the components of LTP”.
2045
Butz, et al., “Activity dependent structural plasticity,” 287-305.
2046
Chistiakova and Volgushev, “Heterosynaptic plasticity in the neocortex (Review)”.
2047
Conde and Caceres, “Microtubule assembly, organisation and dynamics in axons and dendrites
(Review),” 319-332.
2048
Corlew et al., “Presynaptic NMDA Receptors: Newly appreciated roles in cortical synaptic
function and plasticity,” 609-625.
2049
Desmurget et al.,“Contrasting acute and slow growing lesions: a new door to brain plasticity
(Review),” 898-914.
2050
Di Filippo et al., “Short term and long-term plasticity at corticostriatal synapses: implications
for learning and memory,” 114.
2051
Johnston et al., “Plasticity and injury in the developing brain,” 1-10.
2052
Kessels and Malinow, “Synaptic AMPA Receptor Plasticity and Behaviour”.
2053
Jinhyun Kim and Dax A. Hoffman, “Potassium channels: newly found players in synaptic
plasticity,” Neuroscientist 14, (2008): 276-286.
2054
For introduction see Nelson, et al., Neuroscience of Cognitive Development, Chapters 1 and 2.
2055
E. Nestler, “Molecular basis of long-term plasticity underlying addiction,” Nature reviews
neuroscience 2, 2 (2001): 119-28.
2056
D. Pyne and N. G. Shenker, “Demystifying acupuncture,” Rheumatology 47, (2008): 1132-1136.
2057
rd
Squire et al., Fundamental Neuroscience. 3 ed.
2058
Scott and Aperia, “Interaction between N-Methyl-D-Aspartic Acid Receptors and D1 Dopamine
receptors: an important mechanism for brain plasticity,” 62-68.
2059
Stevens, “Neuron-astrocyte signalling in the development and plasticity of neural circuits,”
278-288.
2060
Stranahan and Mattson, “Impact of Energy Intake and Expenditure on Neuronal Plasticity,”
209-218.
2061
Vaynman and Gomez-Pinilla, “Licence to run. Exercise impacts functional plasticity in the intact
and injured central nervous system by using neurotrophins,” 283-95.
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Neurogenesis

Dendritic changes

Changes at the
synapse

to environmental inputs.
 Activity dependent
processes that allow for
ongoing stabilisation and
modification of
synapses.
 Genetic mechanisms
including BDNF induced
transcription.
 Modification of genetic
transcription in response
to environmental inputs,
including exercise
induced neurogenesis.
 Possibility of rapid
reaction to
environmental cues.
 Genetic mechanisms.
 Modification of genetic
transcription in response
to environmental inputs.
 Ca2+influx (fast large
amplitude influx leads to
LTP; slower, low
amplitude to LTD).
 NMDAR presence is
essential for spine
density and regulation of
the number of active
excitatory synapses.
 Genetic mechanisms
acting on synaptic
components and factors.
 Modification of genetic
transcription in response
to environmental inputs.
 Calcium influx
associated.
 Close LTP linkages to
synaptogenesis.
 Synaptic reorganisation
proceeds in stages.
 Activity dependent
synaptic pruning.
Postsynaptic NMDARs
trigger classical forms of
LTP and LTD.
 PreNMDARs mediate
tLTD at some synapses
with some evidence also
of LTP.
 Various forms of
synaptic strengthening
associated with gene
expression.

 Present at relatively few sites in the
mature human brain: olfactory bulb,
dentate gyrus of hippocampus,
cingulate gyrus and segments of the
parietal cortex. In addition possible
presence in amygdala, piriform cortex,
and inferior temporal cortex.
 Exercise and caloric restriction induces
BDNF associated plasticities in
hippocampus.
 Hippocampal dentate gyrus neurons
undergo ongoing replacement.
Changes may include:
 Formation of new dendrites, new
dendritic spines, new branches in the
dendritic tree, and retraction and
degeneration of postsynaptic spines.
 LTD leads to weakening of synapses
and spines.
 LTP promotes spine maturation and
stabilisation.

Changes of the synapse may include:
 Synaptogenesis and synapse
elimination.
Changes at the synapse may include:
 Changes in post synaptic receptor
density, and alterations to thickness of
the synapse, increase and decrease in
the strength and efficacy of synapses,
and physical changes at the synapse
leading to pre and post synaptic
alterations in membrane potential.
 NMDAR plasticities involved at many
sites throughout the brain.
 Stabilisation of synapses brings
plasticity to an end.
 Various forms of LTP and LTD can
produce long lasting synaptic plasticity.
 Intracellular calcium implicated in the
various forms of LTP and LTD.
 Classical conditioning exhibits forms of
LTP.
 Synaptogenesis is evident in motorskill
learning.
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Changes at the
axon

Formation of
additional
connections.

Further structural
and signalling
contributions to
plasticity.

 Genetic mechanisms
acting on axonal
structures and guidance
cues.
 Modification of genetic
transcription in response
to environmental inputs.
 Myelination of axons
(perhaps closing off
sensitive periods of
development)
 Processes associated
with axonal
overdevelopment.
 Modification of neuronal
connectivity in response
to genetic and
environmental inputs.
 Activation of
intracortical connections
that are dormant.

Growth factors.

Receptors.

Neurotransmitters.

Changes may include:
 Formation of new neural structures
related to the axon including axonal
growth zones, localized axonal
sprouting, changes to axonal fibre
densities, myelination of axons,
changes in the degree of myelination of
the axon, sprouting of boutons and
other presynaptic sites, interstitial
axonal branching, and retraction and
degeneration of pre synaptic terminals.

Changes may include:
 Additional connections may be
established between same axon and
dendrite.
 Changes in conjunction with further
outgrowth of axons and dendrites.
 Synaptic rewiring whereby targets are
disengaged and new targets
established using same presynaptic or
post synaptic element.
 Intracellular messengers and growth
signalling factors are commonly
associated with structural plasticity.
 BDNF induced transcription.
 Implication of astrocytes releasing
trophic factors and gliotransmitters.
 GABA may also act as a neurotrophic
agent.
 Cellular plasticity in the forms of LTP
and LTD can be a result of AMPA
receptor trafficking.
 preNMDARs mediate tLTD at some
synapses with some evidence also of
LTP.
 NMDARs assist in the stabilisation of
glutamatergic synapses.
 K+ channels are a postsynaptic
mechanism for regulation of synaptic
plasticity.
 Changes in voltage gated ion channels
function lead to plasticity changes the
probability of PSP and duration, and
mediates metaplasticity, the capacity
to induce consequent plasticity at the
synapse.
 Plasticity as a result of NMDA
interaction with DA.
 The mesolimbic reward system
supports reward seeking and
motivational behaviour by regulated
release of DA.
 AMPAR trafficking evident in fear
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Chemical signalling across
the synapse.

Bioelectrical mechanisms
for plasticity.

Internal signalling

Forms of
experiential

Contribution of
microtubules to structural
plasticity.
Hebbian mechanisms

conditioning in hippocampus.
 NMDA-LTP develops rapidly, is
expressed postsynaptically, and is
needed for short term memory
retention.
 NMDA-independent LTP develops more
slowly, is expressed presynaptically,
and allows longer term retention.
 Release of NE following emotional
arousal may promote synaptic
plasticity.
 Alteration to presynaptic release of
neurotransmitter
 Enkephalin dependent mechanisms of
neuroplasticity.
Ephrin/Eph signalling plays a role in
regulating the morphology of spines,
possibly in stabilising immature filipodia
into mature spines.
 STDP can produce calcium-triggered
activation of certain protein kinases
resulting in: variation in and
enhancement of AMPARs, increasing
responsiveness to glutamate, synaptic
strengthening, and activation of silent
synapses.
 Patterned tetanic electrical stimulation
can bring about NMDAR dependent
spine changes.
 High frequency firing of the cortical
neurons may also lead to LTD at the
striatal synapses according to principles
of heterosynaptic plasticity (see
below).
 PSPs trigger NMDA related plasticity as
a result of pre and post synaptic
interaction. Precise timing of
backpropagating PSPs following EPSP
leads to a strong depolarisation. This
leads to glutamate ejection from
NMDA receptors, thus allowing Ca2+
influx, a cascade of intracellular
messaging, and release of growth
signalling factors associated with
structural plasticity and consequent
LTP.
 Back propagation.
Addictive drugs produce the protein
DeltaFosB which accumulates to the point
of causing a gene transcription leading to
plastic change.
Regulation of growth cone motility
managed by microtubule-associatedprotein 1B (MAP1B).
With repeated firing, nerve cells become
firmly connected.

642

plasticity
Anti-Hebbian mechanisms
Homeostatic plasticity:
 Synaptic changes of
transmission as a result
of the specific induction
related to learning.
Heterosynaptic, or
nonassociative, plasticity:
 Changes at other
synapses on a given
neuron that are noninvolved in the original
induction related to
learning.

Metaplasticity
 The capacity to induce
consequent plasticity at
the synapse.

Unwanted noise is filtered out allowing
only preferred spiking patterns to emerge.
The capacity for neurons to compensate
for network activity by regulating their
own excitability.

Occurs when presynaptic and postsynaptic
neurons are depolarized at the same time.
Repeated activation of cortical synapses
induces LTP.
Heterosynaptic plasticity:
 May result in a neuron as a result of
back propagation.
 May assist in synaptic homeostasis, the
maintenance of the overall synaptic
weight of a neuron, and in ensuring
that certain memories are given
greater permanence.
 Reverberation in loops may assist in
maintaining conditions for
heterosynaptic plasticity in the
striatum and cortical neurons.
Changes in voltage gated ion channels
function leads to change in the probability
of PSP and its duration, and mediates
metaplasticity.
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Table 5.1
Neural subdivisions implicated in moral behaviour.
Sources: Beauregard et al. (2001); Burnett et al. (2009); Casebeer (2003); D’Argembeau and
Salmon (2011); Fuster (1989); Grafman (1994); Green et al.(2001 and 2004); Green and Haidt
(2002); Harenski et al. (2008) (2012); Jackson et al. (2006); LeDoux (1998); Leknes and Tracey
(2008); Lee et al. (2007); Martin (2003); Moll et al. (2005); Passingham (1993); Ruby et al.
(2009); Wood et al (2004).
Neural
subdivision

Specific Area
Anterior PFC
(aPFC)
Ventral sectors of
PFC
Frontopolar
cortex

PFC

2062

Brodmann’s
2062
Area
9,10

VMPFC

9,10,12,32

Anterior rostral
medial prefrontal
cortex (MPFC)
Medial portion of
the superior
frontal gyrus,
orbitofrontal
gyrus and rostral
anterior cingulate
cortex (MPFC)

11,12,25

Posterior PFC
areas
DLPFC
Mostly right
hemisphere.
Right lateral PFC

6,9,10,46,

9,10,11,32

46

44,45,46,47

Role
Active in moral evaluations relying on
predicting the long-term outcomes of
one’s own actions, such as the
anticipation of guilt. Active in social–
emotional contextual knowledge and
learning of learning of moral values.
Active in moral judgement.
Active in adherence to well-established
social norms and attitudes. Active in
reflection on impact on others.
Active in moral judgement.
Active in social emotional responses,
especially in adolescents.
MPFC active in moral judgement. Active in
processing various kinds of self‑
referential information, appraising and
coding the self‑relatedness or self‑
relevance of information.
Contribution to representations of specific
future events and autobiographical
memory retrieval. Active in inference of
mental states of others, and in empathy
for others in pain, with linkages to
anterior ACC and anterior IC.
Active in overlearned sequences.
Active in accepting external guidance.
Active in moral judgement. Pain and
reward processing.
Active in suppression of sexual arousal.
2063

rd

Based on Martin, Neuroanatomy: Text and Atlas, 3 ed., 48-49.
Beauregard and O’Leary, The Spiritual Brain. A Neuroscientist’s Case for the Existence of the
Soul, 272-3. Beauregard’s work noted in the table above refers to studies of subjects dismissing
pornography. He has also carried out some fascinating work identifying the neural bases of
spiritual and mystical experience. Debunking the fad idea of a “god spot” in the temporal lobe,
Beauregard reviewed brain activations during religious, mystical and spiritual experiences: “Our
objective and subjective data suggest that RSMEs (religious, spiritual, and or mystical experiences)
are complex and multidimensional and mediated by a number of brain regions normally implicated
in perception, cognition, emotion, body representation, and self consciousness.” He noted
significant loci of activation, relative to baseline condition, in the following (underlined indicates
significant activation with respect to control condition): right and left inferior parietal lobe, visual
2063
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OFC

Cingulate
cortex

Temporal
lobes

LPFC
Orbitofrontal
cortex (OFC)

44,45,46,47
11,25

Lateral OFC
(LOFC)
Right OFC
Anterior cingulate
cortex
(ACC)
Rostral ACC

47

Right ACC

(peri-genual
BA24/BA33;
subcallosal
BA32/BA25)
23,24

Posterior
cingulate/retrospl
enial cortex

23,26

Temporal lobes

20,21,22,35,
36, 38,41,42

Superior
temporal cortex
Posterior superior
temporal sulcus
(STS)

22

Posterior
temporal lobes

20,36,37

Anterior temporal
lobes ( aTL)

20,21,38

22

18,19,37,39,
40

Occipital
lobe

Parietal
lobe

47
24

Inferior parietal
lobe

40

Active in suppression of sadness.
Active in appreciation of moral
consequences of behaviour and
consideration of impact on others.
Active in adapting to social–emotional
cues.
Active in suppression of sadness.
Involvement in moral conflict resolution.
Active in consideration of impact on
others. Pain and pleasure processing.
Active in empathy with the pain of others.

Active in suppression of sexual arousal.
Contributing region to imagination of
specific future events and
autobiographical memory retrieval. Active
especially in females in responses
requiring moral sensitivity to others.
Active in adult moral judgement, less so in
adolescence.
Storage of social perceptual
representations. Contributing region to
imagination of specific future events and
autobiographical memory retrieval.
Active in adult moral judgement.
Active in recognition of socially relevant
perceptual features of faces, body posture
and movements. Active in moral
judgement.
Assists in storage of representations of
objects, actions and spatial maps; storage
of social semantic knowledge.
Storage of knowledge of social concepts
and values that are more context
independent (eg honour and greed).
Active in creating representations of
objects, actions and spatial maps; storage
of social semantic knowledge.
Contributing region to imagination of
specific future events and
autobiographical memory retrieval. Active
especially in males in responses requiring
moral sensitivity to others.

cortex, caudate nucleus, right medial orbitofrontal cortex, right medial prefrontal cortex, right
middle temporal cortex, right and left superior parietal lobule, left brain stem, left insula, left and
right anterior cingulate cortex, among others.
Beauregard’s insights accord with the view presented in this study that consciousness and decision
making involve complex and highly coordinated neural activation (note that three of the four
cortical lobes as well as other subcortical areas show heightened activity). To argue that there is a
single location for moral thought and responses is opposed both to neuroscientific data, and to the
philosophical expectation that higher activity must involve greater biological integration.
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Temporo-parietal
junction
(proximate to
insula and rich in
spindle cells)
Amygdala

Limbic and
paralimbic
areas

Hypothalamus
especially
ventromedial
sector
Insula

Anterior insula
Posterior insula
Hippocampus
Thalamus
Ventral striatum

Basal
ganglia (BG)

NAc (in
association with
Ventral striatum)
Caudate nucleus
Pallidum
Vental pallidum

Septal
nuclei
Cerebellum
Brainstem

Rostral brainstem
tegmentum

39,40

Active in adult moral judgement, less so in
adolescence.

Activation in basic emotional and
motivational states thereby affecting
moral behaviour. Active in exercise of self
control, patience, and empathy. Active in
moral judgement.
Activation in basic emotional and
motivational states thereby affecting
moral behaviour. Active in exercise of self
control, patience, and empathy.
Activation in basic emotional and
motivational states thereby affecting
moral behaviour. Active in exercise of self
control, patience, and empathy. Active in
judgements of fairness.
Active in empathy with the pain of others.
Pleasure and pain processing.
Processing of hypothetical reward
outcomes.
Role in storage of memories according to
context.
Contribution to pain and pleasure in initial
processing of sense input.
Active in judgements of fairness.
Activation in basic emotional and
motivational states thereby affecting
moral behaviour.
Hedonic and aversive processing.

Active in responding to moral values,
attitudes and moral emotions.
Active in judgements of fairness.
Aspects of pain and pleasure processing.
Participation in assessing the reward
potential of events.
Contribution to processing of unexpected
reward and pain.
Active in thalamic activity and therefore in
filtering cortical inputs.
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Table 5.2
A summary of the principal brain systems contributing to the development and exercise of
virtue.
System
The
numerous
systems and
mechanisms
of plasticity
operating at
the cellular
and molecular
2064
level.

Ref
2.2



Tables
2.3, 2.15.







Systems for
learning.

2.3



Table
2.4






Attentional
systems.

2.5.5



Table 2.9






Contribution to the development and exercise of virtue
The brain’s virtually ubiquitous capacity for plastic change
permits the various forms of learning, including the
learning of good habits.
Plastic changes are shown to be triggered by neural
activity itself. Hence repeated experience lays down
consolidated pathways whereby previous behaviours are
more easily revisited.
Plastic changes provide a neural explanation for the
phenomenon of habit. Furthermore, freely chosen
behaviours and activities are self-reinforcing. Prior choices
are more easily replicated.
Forms of structural plasticity dependent on gene
expression bring about permanent neural changes, and
potentially new behaviours and a modified personality.
Learning denotes knowledge acquired through experience,
or changed behaviour as a response to experience.
Learning may be either conscious or unconscious.
Moral learning is central to the development of virtue, and
in particular, to the development of conscience, an aspect
of the virtue of prudence. Moral learning will take
advantage of systems implicated in general learning.
Virtue is a form of experiential learning.
Development of automaticity is intrinsice to virtue. That
DA release associated with rewarding outcomes facilitates
learning, and that reward paradigms convert over time to
automaticity in the BG suggest a central role for reward
systems in learning of at least some forms of volitional
behaviours associated with virtue.
Plasticity both enables and is directed by our attention
system. In turn focussed attention permits directed
plasticity in the brain: it is “the modulatory control system
2065
of plasticity”.
In other words, our capacity to direct
attention allows us some management of plasticity
mediated learning, including the development of habit
and virtue.
Attention allows suppression of goal irrelevant issues and
is a prerequisite for many forms of learning and memory,
and for goal election, cognition and executive function, all
of which are required for the acquisition of virtue.
The capacity to attend appears closely linked to will
power.
Normally we attend to stimuli that our senses or
imagination present to us. However, the ability to pay
attention to a goal that is neither pressing nor present is
central to rationality and virtue development.

2064

Arguably plasticity involves both systems and mechanisms. Systems involve coordination of
various brain areas (eg VTA release of DA to striatum effecting cortical regulation) and cellular
mechanisms (eg second messenger plasticities).
2065
Michael Merzenich. cf 2.2.6; 2.3.4.1; 2.5.5; 2.7.3.1.
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 Learning and memory are key processes by which
environment and experience alter behaviour. Structural
neuronal plasticities are a core mechanism underpinning
learning.
 Memory is the process of encoding, storage and retrieval
of knowledge acquired through experience. There is a self
evident link to habits reinforced by experience.
 Memory systems are functionally implicit to learning, to
response to reward and emotion, to habit formation, to
goal election, and all cognitive function.
 Memory is a functional prerequisite for the exercise of
virtue: memory of past behaviours, of reward, of
contextual and emotional resonances, and of principles of
right and wrong, all have relevance.
 Mechanisms of non-declarative memory appear to
facilitate the ease of practice and the inherent
motivational rewards in virtue, while during the more
arduous process of acquisition of virtue, declarative
memory plays a more significant role.
 Memory is enhanced in the presence of emotion that is
not excessively intense. That affection enhances memory
establishes an early childhood facilitation.
 Emotion management systems are at the heart of
directing our desires towards appropriate pleasure and
towards towards the endurance of pain, fear and
difficulties for the sake of worthy goals. Hence they are
the essence of the virtues of fortitude and temperance.
 The habitual management of emotion according to what is
rational is the essence of the exercise of virtue.
 Emotional regulation involves cortical regulation of goals,
memories and emotional experience. The potential for
emotion to enhance rationality has been much noted in
recent years.
 Appropriate emotional/aesthetic/social/ moral education
is central to the development of virtue.
 Reward systems are implicated at most levels of volitional
and sub-volitional activity. In concert with the emotional
systems they provide incentive for action, including
virtuous action.
 To find pleasure in appropriate activities is the mark of
virtue, and hence the link between reward expectations,
emotional responses, conscious goal election, and virtue.
 Intrinsically motivated action, activity is pleasurable in
itself, is an essential characteristic of virtuous activity.
Growth of intrinsic motivation over external reward as
automaticity is developed accords with view that virtue is
carried out for its own sake.
 A habit of appropriate reward expectation is directly
linked to the development of the virtue of temperance.
 Virtues may be understood as freely chosen automatised
behaviours.
 Mechanisms of habit learning also offer an explanation for
the phenomenon of behaviours that appear to remain
robust in the absence of immediate rewards. Just as
emotional regulation and reward processing are
interdependent systems, reward processing and habit
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formation also are interlinked systems, with reward
processing essential in the early stages of laying down
habits. This accords with the view that extrinsic motivation
assists initially in establishing patterns of good behaviour;
in time this is transformed into forms of intrinsic
motivation with the development of a degree of
automaticity.
Strictly speaking habit learning refers to the spectrum of
automatized behaviours supported most particularly by
the BG via the BG-thalamo-cortical pathways.
The brain regions and pathways associated with the BG
seem to offer a significant key to understanding the neural
bases of virtue. Converging research over the past decade
links habit formation and volition. In particular, the BGthalamo-cortical loops with their widespread cognitiveemotional interaction offer insights into processes of
planning, goal selection, self regulation, attention and
motivation. Furthermore this automatisation lies at the
heart of the easy repeatability of behaviours associated
with virtue… for example the habit of greeting
courteously, of getting up when the alarm goes off, of
reacting to difficulties with patient strategies, etc.
Mechanisms of habit learning also offer an explanation for
the phenomenon of behaviours that appear to remain
robust in the absence of immediate rewards.
The links between cognition, rationality and virtue are
closely associated at the psychological level. Brain systems
associated with cognition and goal election interconnect
with neural subdivisions implicated in moral behaviour.
(See Table 5.1.)
Human cognition normally implies rational capacities: for
conscious goal setting, reasoning, deliberation as to
consequences and means, and final election.
The capacity to set specific goals, to direct one’s actions to
those goals, to reason about consequences and means,
appears central to cognition and to rational acts disposed
by prudence. That one chooses goals fitting for one’s
nature is a mark of rationality; virtue is essentially the
neuronal disposition assisting in the habituation of this
capacity.
The capacity to pay due regard to the impact of one’s
actions on others, modifying them accordingly,
characterises acts disposed by the virtue of justice.
The exercise of virtue requires rightness and perfection of
reason, the operations of which are perfected by the
virtues of prudence and justice.
Virtues empower action in ways tailored to the flourishing
of our being. This includes disposing us to execute
movement towards worthy objectives. Therefore the
neural bases for virtue require effective connections with
motor control, even though not all virtuous activity
requires expression in motor activity.
Some virtues, such as generosity, require social interaction
for the complete expression of the virtue. And this is not
only the case with social virtues: temperance may
manifest in the capacity to redirect one’s attention;
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courage may require expression through words; even
justice may necessitate delivering, not just considering, an
apology. Hence efficient and obedient motor control is
integral to the practice of some, if not all, of the virtues.
Imitation is one of the core processes for learning from
the environment and from the example of others. The
neural basis for this is now increasingly well described
and provides an explanation for the ease of acquisition of
virtuous behaviours by children.
Imitation and empathy are related at the level of neural
systems. Plasticity in the systems for empathetic
response appears integral to the development of
sensitivity for the rights and needs of others, and an
understanding of the consequences of one’s actions,
which appear to be are at the core of the virtue of
justice.
Effective emotional modulation of deliberation is
essential for sound reasoning particularly in areas
requiring empathy with others, understanding of others
viewpoints etc, and TOM.
The term “sensitive periods” denotes a developmental
window of opportunity, whereby there is an enhanced
capacity for plastic change and learning in response to
experience, emotional content, or novelty.
Of particular interest in the field of virtue education are
sensitive periods evident in responsiveness to affection,
early experience, ease of imitation, and in development of
new behaviours during early years. First impressions are
lasting impressions. Experiences during upbringing,
particularly when the stimuli are associated with
emotional significance, can be virtually indelible.
Windows of opportunity in sensitive periods vary: for
imprinting the window is open only for a few hours; for
language, for years. Responsiveness to maternal affection
is also established in the earliest years, and if an infant is
reared in an environment deprived of maternal affection
there will be lasting deficits.
The security of affection, in turn, facilitates, at the
neurophysiological level, other aspects of learning from
parents.
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‘Quando il corpo sta bene, l’anima balla’
When the body is well the soul dances.
Italian proverb.
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