
(which is true of most microbiome studies

to date), they would not have been able to

determine whether the bacterial taxa

decreased or increased in absolute

abundance. The increase of

Pseudomonads under herbivory they

observed was found to be associated

with decreased relative abundances of all

other taxa in the same sample.

Normalization using host DNA allowed

them to observe that several taxa, as well

as the total bacteria, increased in

absolute abundance [5]. This

demonstrates how adding a quantitative

analysis to the marker-gene sequencing

data can move us towards better

estimates of bacterial densities within

hosts, and it was essential in reaching

biologically relevant conclusions. This

practice is increasingly advised for

microbial community studies in general,

and the authors [5] provide a

straightforward method that can readily

be applied in future plant-microbiome

studies.
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A recent study in which primary motor cortex activity was imaged with sub-laminar resolution has found that,
while overt motor actions led to activity in both superficial and deep cortical layers, motor imagery engaged
only superficial layers.
The goal of cognitive neuroscience is to

explain behavior in neural terms. In the

service of that goal, the past several

decades have seen new tools and

analytic techniques support ever more

detailed maps of human brain structure

and function. One of themost widely used

techniques, blood-oxygen-level-

dependent (BOLD) functional magnetic

resonance imaging (fMRI), has relatively

high spatial resolution in the setting of

whole brain coverage, but is notoriously

limited by low temporal resolution. On the

other hand, methods that measure extra-
R414 Current Biology 30, R393–R416, May 4
cranial electrical potentials —

magnetoencephalography (MEG) and

electroencephalography (EEG) — have

millisecond temporal resolution but,

because of their limited spatial resolution,

cannot resolve functional activity

associated with temporally overlapping

inputs and outputs in a brain region. As

they report in this issue ofCurrent Biology,

Persichetti et al. [1] have broken the

impasse by using a functional MRI

method with the sensitivity to distinguish

superficial laminar activity, associated

with afferent inputs, from deep laminar
, 2020 ª 2020 Elsevier Inc.
activity, associated with efferent outputs

[2]. This technique, vascular space

occupancy (VASO), is based on

measuring cerebral blood volume, and

has higher contrast-to-noise at high

spatial resolution than conventional

BOLD fMRI [1,2].

Persichetti et al. [1] scanned healthy

adult subjects who performed either an

overt hand action with their left hand

(finger tapping) or imagined doing so.

Functional imaging focused on the

primary motor representation of the left

hand. The authors report two core
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findings: first, while overt motor actions

led to activity in both superficial and deep

layers, motor imagery engaged only

superficial layers; and second, overt

motor actions that followed either

imagined or overt actions led to repetition

suppression in superficial layers but

repetition enhancement in deep layers.

As Persichetti et al. [1] discuss, it has

long been known that motor imagery can

improve performance, and that there is

spatial overlap in activity elicited in the

primary motor cortex by imagined and

actual movements (for references see [1]).

Those observations had been argued to

support the inference that the same

processes involved in actual movement

are engaged by imagined movement.

Note, though, the evidentiary gap

between demonstrations of ‘neural

overlap’ and the inference of overlapping

processes [3,4] — that evidentiary gap is

what is bridged by the new research by

Persichetti et al. [1]. More broadly, their

contribution highlights how prior

demonstrations of ‘neural overlap’, as

implemented using conventional BOLD

fMRI at the level of ‘brain regions’, merely

define the problem that needs to be

solved.

It would be difficult to overstate how

consequential the new study by

Persichetti et al. [1] could be as a

demonstration of how to revisit long-

standing theoretical questions. This is

because, with VASO, ‘brain region’ is

replaced with cortical lamina. But the

breakthrough is not just the increase in

spatial resolution: spatial resolution does

not, in and of itself, increase the

explanatory efficacy of a brain map [5,6].

The breakthrough is the demonstration of

how to leverage the isomorphisms

between, on the one hand, superficial

layer activity and inputs to motor cortex,

and on the other hand, deep layer activity

and motor cortex outputs. This has

implications far beyondmotor imagery, as

there are a number of hotly debated

issues across the cognitive

neurosciences that turn on how to

interpret the role of motor activity in tasks

that do not require overt motor actions.

A prominent example is the role of

motor systems in action recognition. It is

well established that motor and motor-

relevant structures are activated during

action observation. This has been

observed in the domains of hand actions
[7], speech processing [8], and whole

body movements [9]. There is ‘neural

overlap’ between the systems involved in

action production and those involved in

action recognition. Such observations of

‘neural overlap’ have led to a resurgence

of interest in ‘motor theories’ of action

recognition [10]. The core of such theories

is a claim about process overlap: namely,

that recognition involves running

production processes to ‘simulate’ the

perceived input. As has been noted by a

number of authors [4,11,12], it is not

obvious that one can infer process

overlap from neural overlap. Even more

problematic for such inferences, lesions

to motor areas (with concomitant motor

impairments) are not necessarily

associated with action recognition

deficits (see for example [13,14]). Those

lesion data place a hard limit on how richly

we may interpret observations of neural

overlap to inform theories of process

overlap. Formulated as a question: if

motor systems are not necessary for

action recognition, then why are they

activated? Perhaps the answer will lie in a

deeper understanding of how they are

activated — the dynamics of interactions

and information exchange among motor

areas and systems that provide inputs to

and modulate responses in the motor

system.

A similar situation is framed by research

on motor system activity during

conceptual processing — such

observations have been argued to

support ‘embodied’ views of concept

representation. The core idea of the

‘embodied cognition’ hypothesis is that

conceptual representations are

constituted, at least in part, by information

that is in a motor format [15]. For instance,

reading the word ‘kick’ activates the foot

area of motor cortex, while reading the

word ‘kiss’ activates the mouth area [16]

(but see [17]). The embodied cognition

hypothesis argues that the reason why

the foot area of motor cortex is activated

when reading the word ‘kick’ is because

the first-person motor simulation of

‘kicking’ instantiates, online, the meaning

of the word ‘kick.’ The evidentiary basis

for embodied cognition thus boils down to

the same (assumed) equivalence

between ‘neural overlap’ and ‘process

overlap’ [18]. And again, lesion data

present a direct challenge to the core

claim of embodied cognition: motor
Current
deficits after lesions to motor areas are

not necessarily associated with

conceptual impairments [13]. This in turn

frames the same question: if motor

regions are not necessary for concept

representation, then why are they active

during conceptual processing?How does

the ‘foot’ part of the motor system come

to be selectively activated when a subject

reads the word ‘foot’ (if the printed

stimulus has not already been

semantically interpreted)?

The common denominator across the

domains briefly reviewed above is how to

interpret observations of neural overlap.

In this regard, the Persichetti et al. [1]

contribution frames amuch larger issue: a

brain map is relevant to an explanation of

behavior in the measure to which the

map’s labels pick out computational

content and processes that make up an

explanatory account of behavior [5,6].

BOLD fMRI maps are not the solution that

cognitive neuroscience seeks — the

reason is that they do not obviously

constrain inferences about process.

Persichetti et al. [1] offer a demonstration

of how to functionally label brain maps of

motor cortex in a way that elucidates a

process-based explanation. Testing

hypotheses about howmotor systems are

activated in tasks that do not involve overt

motor action advances mechanistic

understanding of how the brain works,

and moves us closer to the goal of

explaining behavior in neural terms. For

instance, a prior study by Lingnau et al.

[19] found that repetition suppression

effects in motor areas do not transfer from

executed actions to observed actions—

contrary to a core prediction of ‘motor

theory’ type interpretations of motor

cortex activity during action observation.

The Persichetti et al. [1] findings may

suggest that the lack of repetition

suppression reported by Lingnau et al.

[19] might be the result of BOLD summing

over repetition suppression (superficial

layers) and repetition enhancement

effects (deep layers).

A distinction drawn by Simon [20] in a

different context is relevant here: that

between state and process descriptions

of a complex system. A state description

of the brain would specify which functions

are located where and which parts of the

brain are connected one to the other. The

observation that primary motor cortex is

active during imagined motor
Biology 30, R393–R416, May 4, 2020 R415
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movements, action observation, and

processing of action verbs amounts to a

state description. Such demonstrations of

‘neural overlap’ merely frame the problem

that needs to be answered: they are a

‘state description of the solution’ [20]. As

such, they leave us with two things that

need to be explained: the original

behavioral phenomenon — for example,

why imagining motor movements leads to

performance improvements — and the

neural correlates of that behavior (motor

imagery involves activity of motor cortex).

By contrast, a process description of the

brain would account for how a given

phenomenon is generated; it is a ‘recipe’,

as it were, for producing the phenomenon

in question [20]. Generally speaking,

computational and cognitive theories

offer process descriptions (always set

against architectural assumptions that

subsume a state description of the

system). The breakthrough of Persichetti

et al. [1] is to show how it may be possible

to bring together, within a common data

form and using non-invasive methods, a

state description of the human brain with

a process description of the human brain.
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