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How paradoxical is the brain?

Usually regarded as apparently true statements that seem to defy

logic and lead to contradictions or as genuine phenomena that

conflict with our theoretically based expectations, paradoxes com-

prise a related family of meanings that are often used rather

loosely. In its looser sense, the term ‘paradox’ includes any state-

ment or phenomenon that is more surprising than expected even

when underlying theory is intuitive and has not been explicitly

formulated. On the other hand, a famous example of paradox

in its narrower or more technical sense is Bertrand Russell’s

(1872–1970) paradox or antinomy. The paradox indicated a fun-

damental problem with naı̈ve set theory because its assumption

(plausible to many people) that it is permissible for sets to be or

not to be members of themselves led to a contradiction. Thinking

about the paradox stimulated modifications to set theory.

Paradoxes are of great interest in science as well as in mathem-

atical logic because they challenge those existing theories with

which they conflict. Relative to predicted findings, paradoxical

findings are therefore much more likely to advance fundamental

theory.

Three guidelines need to be followed in order to evaluate

whether claims for paradoxes require modification of brain the-

ories, and, if so, what these modifications might be. First, evidence

for such phenomena and about their precise nature needs to be

convincing. As, by definition, the phenomena conflict with our

explicit or intuitive brain theories, this evidence needs to be

much stronger than that for expected phenomena. Although this

is reasonable, it is certainly frustrating for scientists who make

highly original discoveries that conflict with current views. For

example, the work of Czeisler et al. (1995) claiming that some

blind people can reset their circadian rhythms using light for which

they have no awareness, took 5 years and 20 rejections before it

was eventually published. The reviewers required many additional

control tests to be done in order to rule out other explanations.

However, following publication, it did not take long before

researchers identified a subset of retinal ganglion cells containing

a new light-sensitive pigment, melanopsin, that projects straight to

the circadian rhythm-controlling hypothalamic supra-chiasmatic

nucleus. The second guideline is to identify explicitly with what

theoretical notions any ‘paradoxical’ finding conflicts. The third is

to determine whether there are other similar phenomena and, by

identifying the underlying mechanisms of all such related phenom-

ena, to achieve an appropriate theoretical resolution, even if this

requires a radical shift in ideas about the brain that previously

were widely accepted.

In The Paradoxical Brain, Narinder Kapur and co-authors have

compiled a very varied group of interesting phenomena that chal-

lenge views about how the brain works. The phenomena vary

with respect to how well established they are. For example,

whether frontally focused psychosurgery alleviates either depres-

sion or schizophrenia remains controversial, but variants of the

Sprague effect in which certain, specifically located second lesions

can reduce deficits on specific functions (such as visual orientation)

are well established. However, even if a challenging phenomenon

can be shown to exist, we need to know its exact nature and the

boundary conditions on which it depends. These are the properties

that determine how strongly the phenomenon challenges current

views about how the brain functions, but the difficulty of specify-

ing relevant properties varies along a dimension. At the more

difficult end, lie claims that some individuals with semantic demen-

tia, psychotic conditions or left hemisphere stroke show enhanced

artistic creativity. The difficulty with determining precisely how the

latter claims should be characterized arises mainly because the

co-occurrence of brain disorder and high artistic creativity is

rare, and creativity is hard to measure, making systematic study

extremely tricky. For example, even assuming there is an associ-

ation between literary creativity and bipolar disorder [Ernest

Hemingway (1899–1961) may provide one example], it remains

obscure under what conditions and why this occurs. The disorder
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could be weakly associated with improvement of certain cognitive

functions that enhance literary creativity generally. This might

happen because hypomania increases the likelihood that weakly

associated ideas or images are linked, perhaps through a currently

unknown disinhibitory process. Equally likely, however, hypomania

may not enhance cognition, but instead amplify creative output by

increasing energy and self-confidence; while depression, when it

occurs, may facilitate criticism of what has been produced in the

hypomanic state so that improvements can be made when the

individual is next hypomanic. The second possibility provides less

challenge to current ideas about the brain.

Many of the phenomena discussed in the book merely conflict

with commonsense intuitions about the brain (much as quantal

and relativistic phenomena conflict with commonsense notions

about space, time, elementary particles and causality). For ex-

ample, cigarette smoking may reduce the chances of developing

Parkinson’s disease because of its effects on nicotinic receptors for

acetylcholine, which conflicts with the feeling that generally harm-

ful agents cannot also have protective effects on the brain. Even

when there is conflict with specific explicit views about brain func-

tion, alternative accounts that are consistent with the phenomena

are usually available. For example, although many believe that

there are anatomically distinct and functionally independent

memory systems, it has long been believed that these systems

interact, sometimes in an inhibitory fashion (for example,

Poldrack and Packard, 2003). This interactive account can explain

why hippocampal lesions sometimes enhance the learning of

habits, and an extension of this view to different forms of declara-

tive memory may explain why hippocampal lesions in rats some-

times enhance familiarity-based recognition memory for odour–

media associations.

The paradoxical phenomena discussed in the book also vary

widely with respect to how directly they relate to explicit or intui-

tive ideas about the brain. For example, cases in which develop-

mental, neuropsychiatric and neurological disorders, or specific

brain lesions, lead to improvements in certain functions relate dir-

ectly to brain function. Similarly, puzzling disorders linked to brain

damage call for explanations that relate specific brain regions to

observed functional abnormalities. For example, the surprising syn-

drome named after Joseph Capgras (1873–1950) in which a fa-

miliar person is recognized but felt to be an impostor may arise

following two kinds of brain damage. The first may disconnect

emotional feeling from the still familiar face; and the second

may lead to a wrong inference from finding a familiar face that

should produce an emotional response but does not. The even

more bizarre condition named after Jules Cotard (1840–89) in

which sufferers report that they feel dead may also be explained

in terms of two distinct kinds of brain dysfunction. The first causes

a more general disconnection of emotional feeling not just from all

people, but also from the World so that everything feels unreal

and the second causes a blurring of the feeling that you and

others are distinct. In The Paradoxical Brain, Ramachandran and

Hirstein argue that these and related syndromes indicate how the

sense of self breaks down in surprising ways following different

kinds of brain damage; and show, contrary to naı̈ve belief, that

our normal sense of self is actively constructed by the brain. In

contrast, other phenomena relate much less directly and obviously

to ideas about brain function. These phenomena include cases

where infants out-perform adults on functions, such as phoneme

perception of non-native languages; old people out-perform

younger adults on functions, such as emotional control; or

non-human species out-perform humans on surprising functions,

such as immediate visuospatial memory. Similarly, the accuracy of

beliefs about our memories may be puzzling, but it is unclear what

this says about how our brains mediate learning and retention.

Thus, long-term retention of information is much better when

information is learnt using repeated retrieval rather than repeated

study without retrieval. However, many people believe that

repeated study on its own is the best way to acquire long-term

memories. This is indeed surprising, but it is unclear what brain

mechanisms explain the observation, let alone whether it chal-

lenges widely held views about how the brain works.

Brain-related phenomena are only challenging to the extent that

they conflict with our expectations. So, if we expect that increas-

ing the extent of brain damage will always worsen cognitive and

emotional disruption, and all neurological and neuropsychiatric

conditions never to improve those or other functions, we are

bound to be surprised by phenomena that conflict with these ex-

pectations. However, although many brain-related phenomena are

surprising and conflict with naı̈ve intuitions about brain function, it

is unclear how many phenomena conflict at a fundamental level

with widely believed, explicitly formulated general views on how

the brain works at the systems, cellular and molecular levels, as

well as their interfaces. To determine the level of paradox, it is

important to examine what is currently believed about brain

function.

For �200 years, there has been a dialectic between localization-

ist or modular views and more distributed, equipotential views of

brain function—with the modular viewpoint being relatively more

dominant over the last few decades. Consistent with this view-

point, myriad lesion and functional neuroimaging studies suggest

that specific functions in adult humans critically depend on normal

activity in identifiable, focal subcortical and cortical brain regions.

However, thinking about modular function, and how fixed this is,

has been changing since the 1980s. How a region processes its

inputs should depend on its cytoarchitecture with psychological

function determined by what it processes (i.e. its inputs) as well

as how it processes (i.e. its algorithmic mode of operation).

Throughout life, this function is not completely fixed and is subject

to changes in how the region’s neurons connect to each other and

to outside neurons. These plastic changes continuously occur as a

function of processing. Furthermore, functions involving percep-

tion, memory, thinking and action, which are more complex,

should depend on the dynamic way in which modules work in

systems of brain structures. These systems are often hierarchically

arranged with similar numbers of feed-forward and feed-back

connections and shift in a non-linear fashion between distinct,

temporarily stable states (perhaps reflected in synchronized

neural activity at spatially separate sites). The implications of

these ideas, which are still being elaborated, are very hard to

work out, and inevitably depend on computational modelling.

At present, therefore, it is hard to know what phenomena conflict

with them.
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One major set of implications concerns how inflexible is the

assignment of functions to specific focal brain regions—examined,

for example, by testing the effect of brain lesions. A massive body

of stroke studies indicates that rapid onset relatively focal neocor-

tical lesions often cause permanent deficits in specific cognitive

functions, including language and/or motor abilities. Even when

recovery occurs in such cases, this is usually limited and does not

continue indefinitely. These studies suggest that functions are ir-

reversibly assigned by adulthood to specific structures so that

when these are largely destroyed the function that they mediate

is usually greatly impaired, and lost permanently and completely

with total destruction. However, this naı̈ve view can only be main-

tained if the findings of many slow onset brain lesion studies in

animals as well as humans are ignored (see Finger and Stein,

1982; Desmurget et al., 2007). Provided the brain damage in-

creases at a sufficiently slow rate, functional recovery is much

more often complete and, even when not, markedly greater

than following acute onset lesions in similar locations and of simi-

lar extents. In humans, this paradoxical phenomenon has been

most studied in cases with low-grade gliomas where it has been

shown that, even following surgical removal of the glioma with

some surrounding apparently healthy neural tissue so that most of

a ‘module’ is lost, recovery may be effectively complete.

Exploratory studies have strongly suggested that learning guided

by the slowly disintegrating module creates plastic changes in rela-

tively weakly connected regions of similar cytoarchitecture. These

allow the modular function to be taken over by sometimes distant

regions that have not been obviously implicated in the preserved

function. A neural network model has simulated this contrast be-

tween the effects of rapid and slow onset lesions (Keidel et al.,

2010). The simulation stresses the role for guided learning that

requires the slow disintegration of the module that steers weakly

connected neighbouring regions with similar cellular architecture

to a new equilibrium while still performing their previous functions

adequately. These slow onset lesion effects, therefore, are only

paradoxical relative to outmoded beliefs that modular function is

inflexible, because current but as yet not fully worked out ideas

about the brain may be able to explain them.

However, although lesions that develop gradually often cause

less long-term functional disability than those with rapid onset, the

precise conditions under which this occurs remain poorly under-

stood. For example, when degradation of many neural systems is

slowly progressive as occurs with ‘healthy’ ageing and dementias,

such as Alzheimer’s disease, guided plastic changes no doubt

slowly alter modular and systemic function. Structural scans of

some cognitively efficient elderly people support this idea. No

doubt, if 20-year-olds rapidly suffered distributed brain damage

equivalent to that present in the average healthy 90-year-old,

they would be much more cognitively impaired, even if allowed

years over which to recover. Nevertheless, elderly people are all

cognitively impaired relative to their young selves so there are

clear limits as to how effectively functioning can be transferred

between brain regions.

In addition, the notion of degeneracy also suggests that the

functions of a damaged module cannot be transferred to all

brain regions. Degeneracy exists when more than one brain

region can potentially produce the same output, which might be

achieved using the same underlying function(s) or different ones

depending upon whether the output can be produced by more

than one functional route (Luria, 1973; Price and Friston, 2002). If

degeneracy does not exist for certain behavioural outputs, then

total modular destruction, slow or fast, should not allow any other

brain region to produce the output. If two degenerate neural sys-

tems support the same output, damage to one should allow the

other to support that output. If guided learning is needed, then a

slow onset lesion should help, but only components of the second

system will be involved. It also remains an open question whether

the systems are equally efficient. If not, and damage eventually

disrupts the hierarchy until destruction releases the less efficient

system, there may be minimal need for any guided learning and

little advantage for lesions that develop slowly. Evidence for this

last possibility is provided by the effects of acute hippocampal

lesions in rats. These cause severe amnesia for contextual fear

conditioned memories that were acquired recently, when the

hippocampus was still working normally, but only mild impairment

of contextual fear learning. Interestingly, Fanselow (2010) argues

that rapid onset hippocampal damage disinhibits a neocortical

system, which encodes context into memory in the same way

(configurally), but less efficiently, than an intact hippocampus

would have done.

All general and most specific theories about how the brain

functions are developing and changing, contrast with physics the-

ories, such as special relativity, which was fully formulated in 1905

and has since largely been undisturbed. It is, therefore, unlikely

that phenomena exist that already require a radical change of any

fully formulated, well-established general theory of brain function.

Thus, although some first lesions and some second lesions may

improve a particular function or reduce a functional deficit respect-

ively—conflicting with the commonsense intuition that ‘more

means worse’—there is a long accepted explanation for such ef-

fects. This is that neural systems may compete with, and therefore

inhibit, each other. So, lesioning one structure may disinhibit one

that is connected, and enable this to function more optimally

(super-normally or more nearly as normal).

However, when theory has been markedly developed over

recent decades, second lesion or deep brain stimulation facilitation

effects can pose more sophisticated challenges that will require

interesting changes and developments of current ideas. A good

example is provided in The Paradoxical Brain, where Jha and

Brown discuss how lesioning or deep brain stimulation in

Parkinson’s disease disrupt subthalamic nucleus activity, not only

reducing excessive motor activity (levodopa-induced dyskinesias)

but also increasing abnormal motor inactivity (akinesia and rigid-

ity). This puzzling finding cannot be simply explained in terms of a

disinhibitory effect if blocking subthalamic nucleus activity normal-

ly increases the output to motor cortex regions of the motor

activity-controlling corticobasal ganglia–thalamic loop. Provided

thalamic output of this loop increases motor activity, then subtha-

lamic nucleus disruption should reduce akinesia and worsen, rather

than improve hyperkinesias. But this does not happen.

A different kind of account is needed to explain why blocking

subthalamic nucleus activity (from its abnormal state in Parkinson’s

disease) reduces both abnormal motor inactivity and hyperactivity.

Such an explanation should incorporate the workings of the direct
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and indirect striatal pathways to the output of the basal ganglia

and relate these to the idea that the symptoms of Parkinson’s

disease relate to noisy, disruptive signals within the loop. Use of

local field potential recordings in human patients over the past

decade has suggested that, within the loop, suppression of abnor-

mally high levels of activity in the beta frequency range may

reduce akinesia and rigidity. In contrast, on the basis of rather

less evidence, reduction of excessive activity in the theta and

gamma ranges reduces abnormal motor overactivity, such as dys-

tonia and dyskinesia. Subthalamic nucleus lesions or electrical

stimulation may reduce all these kinds of noisy signalling, but

normal motor activity may depend on the balance of these differ-

ent signals. This fits with the view (Redgrave et al., 1999) that the

basal ganglia loop acts as an action selector that uses dopamin-

ergic inputs to fix value to different choices, sending the strongest

weighted choice down an activating direct pathway, signalling

with theta and gamma activity, and all weaker choices down an

inhibitory indirect pathway, signalling with beta activity. Although

subthalamic nucleus disruption within the indirect pathway may

help rebalance the system, there should nevertheless be disruption

of other motor activities and indeed recent research indicates that

there is. Not only is theory being developed to account for these

intuitively surprising phenomena, but their precise nature and

ground rules remain to be fully characterized. Puzzling brain phe-

nomena stimulate the search for explanations and hence advance

understanding of the brain faster.

Many brain-related phenomena are enigmatic for naı̈ve views of

brain function and some, such as functions of the subthalamic

nucleus, cannot yet be fully explained by current theories. More

generally, how a highly plastic and interconnected system with

close to 100 billion neurons encodes information and moves dy-

namically from one temporarily, spatially distributed stable state to

another so as to produce adaptive responses remains an only par-

tially solved mystery. Only when the mystery is replaced with a

largely accurate, explicit theory will paradoxical brain phenomena

become rarities.
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