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ARTICLE COMMENTARY

Perceptual control or action-selection? Comment on: a perceptual
control theory of emotional action
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aDonders Institute for Brain, Cognition and Behavior, Centre for Cognitive Neuroimaging, Radboud University Nijmegen,
Nijmegen, The Netherlands; bBehavioral Science Institute (BSI), Radboud University Nijmegen, Nijmegen, The Netherlands

ABSTRACT
The Perceptual Control Theory of Emotional Action provides a compelling view of the
synergy between action and perception in the context of emotion. In this invited
response, we outline three suggestions to further clarify and concretesise the
theory in the hope that it can provide a solid basis for the theoretical, empirical,
and clinical fields of emotion and emotion regulation. First, we emphasise the
importance of concretesising these ideas in a way that is biologically plausible and
testable in terms of its neuronal implementation, which has not been addressed in
the main manuscript. Secondly, we highlight the challenges for this account to
effectively describe core symptoms in emotional disorders, an essential step if the
theory aims to foster the development of better-tuned neurocognitively grounded
interventions. Finally, we take a leap on what action-oriented accounts of emotion
can mean for the field of emotion regulation.
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In the article A Perceptual Control Theory of Emotional
Action (this issue), Andreas Eder puts forward a valu-
able perspective on emotional action. As the title
suggests, this theory casts emotional action into
cybernetic perceptual control theory that describes
how action is employed to control perception. In
the case of emotion, actions are performed to alter
emotional percepts, which are reflections of the
value of the current or anticipated state of the world
relevant to the organism and its internal milieu.
Those perceptions (in this account often referred to
as raw feelings) consist of interoceptive signals that
reflect deviations from internal set-points dictated
by homeo- or allostatic controllers, relevant to
inform the need to change behaviour and benefit
the organism. We welcome an emotion theory that
takes action so seriously again, not merely ascribing
emotion and its regulation to verbal or cognitive con-
structs. We also greatly appreciate the emphasis on
raw feelings as a form of perception, and the role of
physiological processes in the emotional action

control cascade. There are several emotion theories
that are based on cybernetic control theory (e.g.
Seth, 2013; Seth & Friston, 2016; Barrett, 2017), of
which this account may be among the most explicit
when it comes to the fundamental role of action in
control emotional percepts.

However, we do see three non-trivial challenges
that remain underarticulated in this account and in
the field of emotion control as a whole. Resolving
those issues would increase the ability of current
action accounts of emotion to provide a practically
useful and research-guiding framework. First, in its
current state, the theory remains abstract in terms
of its predictions on biologically plausible neural
and behavioural processes that allow- and implement
control over perception. Second, it remains unarticu-
lated how controlling perception relates to the core
emotion-related problems we face in psychopatholo-
gical conditions and clinical practice. Finally, although
the proposed view on how emotional percepts are
controlled flows naturally from the cybernetic
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perceptual control framework, the current formu-
lation might also be prone to create misunderstand-
ing. For instance, when it comes to improving
emotion regulation, agents may be poorly equipped
to improve perceptual control and instead are best
equipped to optimise action selection. Those actions
are almost never aimed at resolving deviations from
a single set-point (or raw-feeling) but are often com-
promises to satisfy the needs of several controllers.
For clinical translation purposes but also to provide
a clearer embedding in larger theoretic frameworks
of cognitive control, it might be more intuitive and
efficient to emphasise the action-selection aspects
of the theory. None of these three points should be
read as critique. They are merely meant to inspire
sharpened discussion of the account and its boundary
conditions as well as to aid its ability to become
widely implemented. Below we discuss these three
considerations in more depth.

The relevance of concrete hypotheses on
biologically plausible neural
implementations

The first and major challenge of the current frame-
work is to provide biologically plausible and testable
hypotheses with respect to its neural implemen-
tations. Although theoretically elegant, the account
remains a rather abstract and high-level description.
It is a non-trivial but necessary exercise to constrain
a theory by concretising different conceptual levels
to a form in which we are able to distil concrete and
biologically plausible implementations that we can
test. Eder also emphasises this need: “Understanding
action control hence means knowing what perceptions
are being controlled, how they are being controlled, and
why”. This challenge of constraining theory to biologi-
cal plausibility is not unique to the current perceptual
control framework but is a broader issue in cognitive
science. The main issue with a lack of concrete and
testable predictions is that theorising can remain fri-
volous and unchecked, which may lead to the main-
tenance of concepts that have no clear biological
reality in the brain. This point has been made exten-
sively over the last few years, for instance with
respect to attention research (Hommel et al., 2019),
but also in research on emotional processing
(Pessoa et al., 2022). So how can this be achieved?
There are examples where survival-relevant beha-
viours and processes have been concretised success-
fully. For instance, computational modelling of

rodent and human behaviour based on concrete
hypotheses has shown that behavioural inhibition
linked to anxiety can result from neural optimisation
algorhitms rather than often assumed automatic or
preprogrammed reactions (Bach, 2015). This concreti-
sation has had important consequences for our think-
ing about how emotional behaviour is the
endproduct of many competing neural controllers
that all aim to maintain or control properties that
they are sensitive to (Bach & Dayan, 2017). In
another example, we have tried to formulate a
model that can separate how parameters of the
current threat-elicited physiological state of an organ-
ism can potentially feedback on action-selection via
multiple neural controllers depending on the chal-
lenges of emotionally charged situations (Livermore
et al., 2021). This latter model is currently being
tested, and the first results have shown that threat-
induced freezing is linked to enhanced action prep-
aration and value integration of approach-avoidance
action decisions (Klaassen et al., 2021). There is a
plethora of other examples (e.g. (Letkiewicz et al.,
2023; Yamamori & Robinson, 2023)) and the math-
ematical tools for separating different hypothesised
operations are available. The main challenge that
remains is that we need to extract concrete hypoth-
eses and questions from the abstract cybernetic
framework that is presented here, without regressing
into unformalised psychological concepts (Cisek,
2019; Pessoa et al., 2022).

In its present form, the theory put forth by Eder
remains unarticulated about what is being controlled
exactly and how one would arbitrate between
different simultaneously relevant control demands.
In contrast, such concretisations have been made in
other instances where cybernetic, phylogenetically
plausible, and neurobiologically well-defined sol-
utions have been proposed for the problem of
action-control (e.g. Cisek, 2019, 2022). For this
reason, we recently translated those action control
accounts to the context of emotion control
(Bramson et al., 2023). In case of multiple demands,
which controller is given influence over the limited
output channel (actions) at one time? The main sug-
gestion provided in the current theory is lateral inhi-
bition of neural ensembles encoding competing
action plans based on the dominance of one neural
controller. Although this is plausible, for example in
acute approach-avoidance decisions where multiple
action plans similar in their movement parameters
compete for execution (e.g. Bramson et al., 2018),
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lateral inhibition seems unlikely to be able to arbitrate
between goals with differing levels of abstraction. We
do not see how the goal of achieving success in your
career leading you to focus on writing a paper, and
the acute desire for ice cream can easily be resolved
by lateral inhibition of action plans. Instead, we
suggest to incorporate hierarchical feedback control
which allows easier conceptualisation of drivers
across hierarchical levels through the prediction of
action consequences (Pezzulo & Cisek, 2016). Let’s
illustrate the need for those specifications using an
example: A typical and powerful illustration of an
emotionally charged context is the example of
encountering a situation with acute homeostatic rel-
evance, such as the detection of a threat. Depending
on the imminence of the threat rapid neural control-
lers in areas such as the midbrain periaqueductal
grey shortcut decisions to fight and flight, depending
on the availability of available escape routes (Mobbs
et al., 2020), or, when more time is available multiple
potential action strategies are computed on the fly in
(pre-)motor and parietal systems, based on available
affordances (Frijda, 1986; Feinberg & Mallatt, 2016;
Badre & Nee, 2018; Cisek, 2022). In our action-
control theory of emotion regulation (Bramson et al.,
2023) we suggest that concrete hypotheses can be
generated on how strategies are employed and neu-
rally implemented to restore homeostasis, or in fact
proactively control behaviour through allostatic pro-
cesses. These strategies compete for execution
based on their predicted outcomes whilst continuous
feedback loops provide updated predictions during
the unfolding of the selected action strategy to main-
tain the behaviour until the trigger state has dissi-
pated or until counterfactual strategies become
more beneficial (Pezzulo & Cisek, 2016; Koch et al.,
2018).

There is another issue that cannot be avoided in
light of this section about the need for more refined
and biologically plausible mechanisms. The emphasis
that Eder puts on dopamine and serotonin is valid,
given their importance in the regulation of motiva-
tional behaviour, but glosses over the contributions
of other neurotransmitters such as norepinephrine
and acetylcholine that are vital for controlling the
sympathetic and parasympathetic branches of the
autonomic nervous system, systems that are crucial
for the concept of raw feelings but also for action inhi-
bition, perception and optimising coping strategies
during emotionally charged situations (Roelofs &
Dayan, 2022).

Challenges for translation to
psychopathological states and their
treatment

A second challenge is that the current framework
remains unspecific with respect to how we can use
it concretely to benefit research on psychopathology.
An important advantage of a good emotion theory is
that it helps to refine at what levels processes go awry,
in order to advance insight into psychopathological
conditions. It would be a nice step if the theory
could explain how we can determine at which level
in the control hierarchy processes fail and how that
could explain core symptoms of emotional disorders.
For example, does it matter for perceptual control
theory (PCT) whether the avoidance of social situ-
ations in a patient suffering from social anxiety is
due to excessive threat assessment, because of lack
of control over avoidance tendencies, or both? At
what level would the percepts be affected in distinct
psychopathological states and how would that drive
different types of action selection? A related question
would be, how would PCT inform on the selection of a
treatment, and can we assess whether symptoms
relate to aberrant internal set points or does the
problem stem from the selection of actions that are
employed to solve deviations in raw feeling.

Some instances might be relatively straightfor-
ward, such as the therapeutic effects of behavioural
activation in depression, which might be formulated
as a treatment targetting the action component,
rather than directly focusing on changing an internal
set point. In this example, shifts in internal set points
could be framed as a consequence of the behavioural
activation. Other treatments utilise mental action
simulation to treat emotional disorders. Take for
instance the example of imaginary exposure in
patients who developed post-traumatic stress dis-
order after an assault during which they were
unable to move. This therapy invites patients to
imagine an alternative action strategy, for example,
to stand up and stop their assailant. Those techniques
have been found to be effective not only for PTSD but
also for other conditions characterised by intrusive
cognitions (Holmes et al., 2021), for example, spider
phobia. Before treatment, the imagination of
approaching a spider without actual sensory input
associated with coming closer to an actual spider
led to significant increases in subjective fear, skin con-
ductance, and activity in neural fear circuits, including
amygdala and ACC. A ten-minute session of imaginary
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exposure therapy significantly reduced those fear-
related processes (Hoppe et al., 2021). Crucially,
those types of action simulations rely on the same cir-
cuitry that is also involved in acute action selection
and behavioural control (Barsalou, 2009). A nice chal-
lence for PCT would be to define concretely how the
emphasis on perception-control can help explain psy-
chopathology and its intervention. For instance, how
can PCT help the tuning of interventions in the above-
mentioned example of action-imagination. More
broadly, an important and non-trivial step in the
maturation of the perception-control account of
emotion is to provide examples of how the emphasis
on perceptual controllers can help our understanding
of emotional disorders and their interventions,
beyond the notion that our bodies are full of percep-
tual-controlers that aim for homeostasis. This brings
us to the third point: Would it be more useful to
think about emotion control in terms of perception
control or instead in terms of action selection?

Emotion control: perception control or
action selection?

Although Eder’s emotion theory is not explicit about
emotion regulation per se, a theory of emotion can
provide valuable starting points for thinking about
emotion regulation. We share the positions that raw
feelings can inform about current or anticipated devi-
ations from internal set-points, and that emotions are
for action. Both these ideas have consequences for
the way we think about emotion regulation. If
emotions are elicited to promote behaviour that
benefits the organism and to bias behaviour away
from dangerous situations, in other words, when
they provide an estimate of the goodness or
badness of the current behavioural strategy (Bach &
Dayan, 2017) and thereby act as the basis for action
selection, we could go one step further and view
emotion regulation as a subsidiary to action selection
(Bramson et al., 2023). To summarise our own view,
we think emotion regulation is an extension of
action-outcome prediction, where discrepancies
between current/anticipated states and desired
states (set-points) are resolved by taking actions
(Seth, 2015; Pezzulo & Cisek, 2016; Barrett, 2017). In
acute emotion-eliciting situations, this prediction
process is an instance of forward modelling, employ-
ing innate or learned action-outcome relationships
(Etkin et al., 2015). These can select between Pavlo-
vian action-tendencies such as freeze-fight-flight

reactions, as well as between instrumental actions,
such as to approach or to avoid in order to achieve
a certain goal, for example resolving the (anticipated)
deviation from an internal set-point. Given that there
are often multiple controllers vying for control, and
generally only one (or at most very few) behavioural
output is possible at any one time, determining
which raw feeling to regulate is always an action-
selection problem (Frijda et al., 2014). Crucially, this
action-selection conceptualisation of emotion regu-
lation based on action-outcome prediction can also
account for more abstract instances of emotion regu-
lation such as cognitive reappraisal, which can be
reformulated as counterfactual modelling of alterna-
tive actions and potential outcomes. Formulated this
way, reappraisal can be described as a form of super-
vised forward modelling, implemented through hier-
archically nested control loops initially developed for
action selection in pre-motor systems (Pezzulo &
Cisek, 2016; Fine & Hayden, 2022). Those instances
of supervised forward modelling can change action
selection by modifying goals and motivations; can
elicit changes in visceral and physiological responses
and, subsequently, can modulate affective com-
ponents such as feelings through prediction and cor-
ollary discharge (Barsalou, 2008; Buzsáki et al., 2014;
Winkielman et al., 2018). Formulating emotion regu-
lation as such can bring new and concrete neural
hypotheses, for instance on the role of a circuit
around the lateral frontopolar cortex in arbitrating
among multiple emotional control strategies when
there is uncertainty about the efficiency of the
current emotional control strategy (Roelofs et al.,
2023). In sum, although Eders’ theory is one of
emotion and does not deal explicitly with emotion
control, we feel that the current framework might
benefit from specifying what implications the core
elements of the theory have for emotion control.
Our views on emotion regulation briefly sketched
above (Bramson et al., 2023) might be compatible
with the perceptual control theory of emotional
action and may help to concretise the theory further.

To conclude, the perceptual control theory by Eder
is important, appealing, and valuable in many
respects. It provides a robust framework for concep-
tualising emotional action and potentially its control.
It elegantly describes raw feelings as a form of percep-
tion and rightfully emphasises the role of physiologi-
cal processes in the emotional action control cascade.
Framing emotion control an issue of perceptual
control may follow naturally from the cybernetic
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perceptual control theory. However, we hope to have
inspired a discussion on the use and validity of this
framing when it comes to emotion control. An impor-
tant step to take for this and several other theories in
the field is to specify the concrete neural, compu-
tational, and behavioural hypotheses as that exercise
may put important constraints to limit theory and
would help the formulation of testable hypotheses.
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