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Should concepts of brain functions be based 
on psychology or anatomy? An echo from 
Kurt Goldstein

This scientific commentary refers to ‘Joint impact on attention, 
alertness and inhibition of lesions at a frontal white matter cross
road’ by Kaufmann et al. (https://doi.org/10.1093/brain/awac359). 
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In this issue of Brain, Kaufmann and co-workers1 compare the 
performance of 60 patients with right hemisphere infarcts on 12 
neuropsychological tests relating to three cognitive domains: 
‘visuospatial attention’, ‘alertness’, and ‘inhibition’. A principal 
component analysis reveals a division into three components, 
which differ from the psychologically defined domains. The first 
component, explaining about 34% of the variance, comprises tests 
from all three domains and is referred to by Kaufmann and collea
gues1 as the ‘common component’. The second, which adds an add
itional 12% (but may also contribute to the first component) relates 
to two tests classified as alertness or inhibition (including the 
Stroop test), while all the tests of the third component belong to 
the domain alertness. The authors conclude: ‘We therefore argue 
that beyond the historical segregated networks for alertness, visuo
spatial attention and inhibition, a common component/network is 
involved in these cognitive domains’.

Using voxel-based lesion symptom mapping (VLSM) and discon
nectome maps from the BCBtoolkit, the authors identify two sub
cortical lesion clusters related to the first component: the first 
and larger one corresponds to fibres from the superior longitudinal 
fasciculus (SLF) II and III and the frontal aslant tract (FAT); the se
cond cluster corresponds to the putamen, SLFIII und the inferior 
fronto-occipital fasciculus (IFOF).

Kaufmann et al.1 then compare the first cluster to a probabilistic 
functional atlas of the multiple demand network. They conclude 
that a lesion at the ‘crossroad of specific white matter tracts can de
termine a concurrent breakdown in all three considered cognitive 
domains’, leading to an alteration of the multiple demand network.

Thus, by investigating various psychologically defined domains 
in the same patients, the authors identify a common processing 
component, which can be related to anatomy, in this case fibre 
tracts.

The findings raise the question, does the brain have domains or 
rather does the brain comprise anatomical structures that allow 
neural processing resulting in what we call ‘functions’ in different 
‘domains’? In other words, are ‘domains’ human-made constructs, 
useful artefacts, that aim to describe dissociations in behaviour? 
Or should we not rather use our understanding of anatomy as a 

tool for developing concepts about the functions of the brain? 
And use these concepts to interpret observations in patients and 
to build appropriate tests?

These questions are not at all new. For illustration we provide 
some citations from Kurt Goldstein (Fig. 1A, translation of the 
German text by the authors).2,3

‘Symptoms are answers that the organism gives to very specific questions 

that we pose … which are determined by the theories we have about the 

construction and function of the nervous system.’

‘Even in circumscribed lesions … when not affecting primary motor and 

sensory centres, we always find disturbances in all domains … The ana

lysis of symptoms always led to the conclusion that these disturbances 

do not lead to a deficiency of certain performances, restricted to e.g. one 

sense, or learned skills, but to changes in certain basic functions.’

Kaufmann and colleagues focus on the brain’s connections ra
ther than the cortical areas. Diffusion tensor imaging (DTI) allows 
the visualization of these connections in vivo. Moreover, studying 
the brain’s connections may contribute more readily to under
standing its organization than studying cortical parcellations.

‘The concepts based on the tenets derived from fibre tracts seem to be the 

most adequate at the moment. This does not mean that basic processing 

takes place in these fibre tracts themselves, but that their meaning lies 

only in connecting parts of the nervous system to construct functional 

units.’

However, we should be aware that every lesion introduces a 
bias. Therefore, our hypotheses about how brain anatomy deter
mines function should be based on the normal brain and normal 
connectomes.

‘A certain localising relation implies a certain pathway. When we want to 

infer from a lesion at a certain place that this pathway is meaningful, we 

should ascertain that this pathway was indeed used before when intact.’

Taking Goldstein’s ideas as starting points, we offer an addition
al, somewhat divergent interpretation of the findings by Kaufmann 
and colleagues.1 Crucial here is the second cluster of the common 
component for which the authors offer ‘two interim, speculative 
interpretations’.
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This cluster affects SLFIII and the IFOF. While the SLFIII belongs 
to the ‘dorsal system’, the IFOF in contrast runs below the Sylvian 
fissure and thus may be classified as belonging to the ‘ventral sys
tem’.4 Thus, the region of the second cluster is a ‘crossroad’ not 
only ‘of specific white matter tracts’, but can ‘determine a concur
rent breakdown in’ dorsal and ventral systems. And the interpret
ation would be that ‘all three considered cognitive domains’ 
require the interaction of the dorsal and ventral system under nor
mal conditions.

Dorsal [SLF, arcuate fasciculus (AF)] and ventral tracts [uncinate 
fasciculus (UF), extreme capsule fasciculus (ECF), IFOF] together 
with two hubs, one in the postrolandic and one in the prerolandic 
part of the brain, constitute the dual-loop model (Fig. 1B).5 The 
two hubs integrate processing of signals from the outside world, 
which are perceived in sequences of space and time in the dorsal 
loop, with abstract concepts in the ventral loop, recognized by ana
logy in structure independent from the position in the series.5

The dual-loop model of language processing in the left hemi
sphere is well established.6,7 The combination of these two streams 
in posterior and anterior hubs enables us to find structure in se
quences,5 which is the original meaning of the word ‘syn-tax’. In 
the right hemisphere, dorsal and ventral pathways have been re
cognized since the time of Ungerleider and Mishkin.8 The hubs 
have been shown to be involved in visuospatial processing.9,10

The study by Kaufmann at al.1 suggests that alertness and inhib
ition may also use both systems.

The present study thus indicates that in addition to the multiple 
demand network, for the ‘common component’ processing abilities 
of both streams are necessary. By analogy with the left hemisphere, 
also the underlying processes for visuospatial attention, inhibition 
and alertness may rely on ‘syn-tax’.

As Kaufmann et al.1 show, when starting from psychology, anat
omy can help to disentangle the underlying processes, in turn lead
ing to a change in psychological theories. But, of course, the flow of 
information is bi-directional. 

‘if there exists a relation between psychological and physiological phe

nomena, the structure of both phenomena should be similar, even if the 

materials on which these phenomena are based are incomparable. But 

if their structures are similar, it should be possible to get a closer insight 

into the composition of psychological-physiological phenomena from 

both sides. Empirical research should show us which of the two ap

proaches is more helpful for a certain problem.’

However:

‘The psychological theory of course should comply with anatomical facts. 

The correctness of a theory should especially prove itself by passing the 

fire test of anatomy.’

We should check to what extent our neuropsychological ideas of 
domains and functions of the brain, and thus our tests, are compat
ible with our current knowledge of the anatomical organisation of 
the brain. In the present study by Kaufmann and co-workers1 it 
may be worth taking the two clusters of interaction points of tracts 
(FAT, SLFII/III and SLFIII and IFOF = dorsal and ventral systems) as 
fundaments to build newly defined domains.
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Figure 1 Studying the anatomical basis of language and cognition. (A) 
Kurt Goldstein (1878–1965) was a prominent advocate of a holistic 
view of brain function. Photograph reproduced from Pow and 
Stahnisch,11 under CC-BY. (B) Dorsal (top) and ventral (bottom) stream
lines comprising AF, SLF (dorsal) and IFOF, ECF, UF (ventral) tracts iden
tified using subcortical regions of interest in unrestrained global 
tracking of 183 participants from the Human Connectome Project. 
Reproduced from Weiller et al.5 under CC BY-NC-ND 4.0.
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