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Figure 1: Harlequin ladybirds’ variants (as defined here http://www.harlequin-

survey.org). The ladybird in the centre is an average image of all other ladybirds. 

This average image shares most of the main individual characteristics but is lacking 

important features specific to subgroups. The ladybirds used here are a metaphor for 

the human brain variability in anatomy and function. 

To make progress in the empirical investigation of the functioning of the mind and 

how it relates to underlying brain structures standardly entailed making several 

assumptions. In particular, approaches as different as a cognitive neuroscience tool 

like functional magnetic resonance imaging (fMRI),  as most typically used, and 

single-case neuropsychology have this in common: when drawing theoretical 

inferences, they assume that individuals within a culture share a similar or an 

equivalent organisation of their cognitive functions, and presumably have the same 

underlying brain anatomy (Caramazza, 1986; Goldin et al., 2008; Greene et al., 

2004; Johnson-Frey, 2004) 

However large population studies as well as the advent of neuroimaging have 

been marked by the discovery of significant inter-individual variability in cognitive 

function and brain anatomy. These individual differences include purely qualitative or 

categorical ones and ones where differences lie on at least interval scales. With 
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respect to categorical differences, classically in cognitive psychology, it was known 

that children could adopt either spatial (Huttenlocher, 1968) or verbal (Clark, 1969) 

strategies in solving so-called three-term series problems (Ormrod, 1979). There are 

now many analogous examples. Thus individuals can adopt different strategies, such 

as spatial, motor or piecemeal for carrying out mental rotation (Khooshabeh et al., 

2013; Kosslyn et al., 1998; Tomasino & Rumiati, 2004). Turning to anatomy, the 

white matter connections, sulci and cytoarchitecture may differ across individuals. 

For instance, in 90% of the population, the left cortico-spinal tract decussates more 

dorsally than the right corticospinal tract (Yakovlev & Rakic, 1966). Despite its 

apparent close similarity with the distribution of  handedness, it was latter shown by 

Kertesz and Geschwind (1971) that this anatomical difference did not predict manual 

preference. However, Geschwind and Letvitsky (1968) also observed that the 

planum temporale is larger in the left hemisphere in two thirds of the population, the 

right being larger in only 11 percent and interpreted this result as an indicator of  left 

hemispheric dominance for language. Hence, while a single model of functional and 

structural organisation is usually assumed in classical neuropsychological and 

neuroanatomical models, advanced investigation leads to the obvious observation of 

a large variability across participants and brains. 

Categorical differences can lead to a Pandora’s Box of possibilities. Differences 

across individuals in strategies involve the use of different types of information-

processing procedures. However, these may or may not be based on differences in 

the functional organisation of the processing system across the individuals carrying 

out the strategies; any given strategy may merely reflect the choice of control 

process, task-set or thought schema on one particular occasion.  Moreover, even 

when underlying on-line mechanisms do differ across individuals, it may be only a 

small minority that are discrepant.  Thus, in a study of functional connectivity of brain 

regions underlying reading, Heim et al (2009) found that 12/14 subjects fitted one 

underlying model well with only two individuals being discrepant.   We will call such a 

situation minority-discrepant, and contrast it with major-discrepancy. 

Other differences can be more purely quantitative reflecting distributions along 

gradients of performance and potentially of anatomy. Multimodal distributions, which 

ultimately collapse into categorical distinctions, and unimodal distributions, which can 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

be used for dimensional approaches (i.e. correlations with other dimensions), both 

exist. For instance, the former (i.e. a multimodal distribution) exists  in the 

discrimination of major minor musical modes (Chubb et al., 2013) in which a bimodal 

distribution occurs such that 30% of the population have a close to perfect 

performance whereas the rest of the 70% perform around chance. Likewise, the 

measure of language lateralisation with fMRI indicate that the hemispheric 

dominance for language follows a multimodal distribution with most participants 

having strongly left lateralised activations (about 70%), with subgroups being 

respectively slightly left lateralised (about 20%), symmetrical (about 10%) or right-

lateralised (less than 1% and occurring in left-handers only) (Mazoyer et al., 2014).  

The latter (i.e. a unimodal distribution) seems to be observed in many cognitive tests 

with no ceiling effects (i.e. Posner paradigm, Posner, 1980) or in the high variability 

of the distribution of cytoarchitectural fields across the brain (Amunts et al., 2000; 

Amunts et al., 1999).  

How frequently across processes, differences in brain organisation produce 

differences in functional or cognitive organisation, is still a debated question.  In 

particular, the assumption of a relationship between the size of a brain structure and 

a participant’s performance has echoes of the phrenologists’ principle. So, caution 

needs to be taken before generalising some these interesting findings to the whole 

functioning of the brain. Thus, statistical correlations between performance on 

psychometric tests and the size of primary visual areas (Kanai & Rees, 2011; 

Schwarzkopf et al., 2011) have been shown. However, a relationship between size 

and performance should not be taken for granted for all other brain areas. Similarly, 

the relationship between functional hemispheric lateralisation and anatomical 

hemispheric asymmetry has recently been extended to the visuospatial domain 

(Thiebaut de Schotten et al., 2011), but cannot be generalised to all functional 

lateralisation since symmetrical structures can also support different functions 

(Concha et al., 2012; Herve et al., 2013). Fortunately, from recent methodological 

breakthroughs, it would appear that  a good match exists between the functional 

specialisation of brain areas and the pattern of anatomical connections serving these 

regions at the individual level (Tavor et al., 2016; Thiebaut de Schotten et al., 2016). 

Interestingly, areas defined by their connectivity exhibit variations in extent and 

localisation between brains but retain quite a robust pattern of connectivity. Hence, 
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these methods might be a new ideal way to study the relationship between structural 

and functional variability by providing more individually tailored brain models.  

These new considerations have potentially major consequences for the theoretical 

interpretation of single case, case series and group studies. If categorical differences 

over some cognitive process exist in a population, the single case approach popular 

in cognitive neuropsychology becomes inferentially somewhat unreliable on this 

issue, as phenomena found in any one individual will not be  generalizable to the 

whole population (see Shallice, 2015 and in this issue Bartolomeo et al., 2016). 

However, if this is so, case series and typical group studies, which mix or average 

behaviours over different types of individuals, can also produce misleading 

theoretical inferences (Badecker & Caramazza, 1985; Shallice, 2015). This issue 

may not be too serious a problem for minority-discrepant situations, but it would be 

for major-discrepancy ones.  By contrast quantitative differences without categorical 

ones enrich our range of methodologies for understanding the functioning of the 

brain. Thus, as the papers in this issue demonstrate, one can pinpoint brain areas 

dedicated to function by exploring the relationship between the volume of brain areas 

and the corresponding cognitive performance (Bendetowicz et al., 2016), provide 

evidence on the underlying cognitive mechanisms by quantifying correlations 

between the performance of tests across individuals (Friedman & Miyake, 2016) or 

investigate how aging can modify the cognitive strategies employed to understand 

others (Klindt et al., 2016).  

This means that it becomes critical to investigate individual differences in many 

situations. Advanced strategies to address the problem produced by categorical 

differences would be, for instance, to run classifiers such as K-mean clustering 

(Steinhaus, 1957), principal component analysis (Hotelling, 1933), independent 

component analysis (Comon, 1994) or non-negative matrix factorisation (Lee & 

Seung, 1999) on large populations in order to reduce the risks of flattening 

differences and so draw stronger conclusions tailored to each category of healthy 

controls or patient populations. Using this approach, Cerliani et al. (2016) revealed 

that healthy controls can use different networks of functional activation to perform the 

same task, Halai et al. (2016) identified the main functional and anatomical 

components underlying deficits following stroke and Sanefugi et al. (2016) 
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discovered separate brain mechanisms supporting different dimensions of ADHD. 

Therefore, this Cortex special issue is devoted to the investigation of cognitive 

and brain variability. After a comprehensive review of the subject matter (Bartolomeo 

et al., 2016), the first part of this issue highlights individual differences in behaviour 

and their relationship with differences in underlying functionalist models (Friedman & 

Miyake, 2016; Klindt et al., 2016). The second part investigates whether such 

differences are linked to observable signs in the brain (Bendetowicz et al., 2016; 

Cazzoli & Chechlacz, 2016; Cerliani et al., 2016; Mongelli et al., 2016). The final part 

is devoted to the impact the two first parts should have on neuropsychological 

methodology (Halai et al., 2016), diagnosis, treatment (Sanefuji et al., 2016) and 

prognosis (Duffau, 2016; Tzourio-Mazoyer et al., 2016). 

It is our hope that this special issue will capture the imagination of the reader and 

lead to the incorporation of the inter-individual variability dimension into the next 

generation of cognitive and brain models. 
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