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Introduction
Since the pioneering writings of William James (1884, 1890), 
researchers investigating psychophysiological and affective 
processes have highlighted the intimate links between the brain, 
body, and actions in emotional responses. James famously noted 
that,

[W]e meet a bear, are frightened and run; we are insulted by a rival, are 
angry and strike . . . this order of sequence is incorrect . . . the more 
rational statement is that we feel sorry because we cry, angry because we 
strike, afraid because we tremble. (1890, p. 449)

This view sparked a longstanding debate that contemporary 
theories of emotion continue to address about the causal and 

functional relationship between emotion experience and bodily 
responses (Sander, 2013).

Nonetheless, there is consensus among current dominant 
models of emotion (including basic emotion, circumplex, and 
appraisal theories) that emotions consist of two essential pro-
cesses: emotion elicitation and an emotional response (includ-
ing expression, action tendency, autonomic reaction, subjective 
feeling, and cognitive changes). Although both elicitation and 
response mechanisms can influence overt motor behaviour (see 
Sander, 2013, Figure 1.1), most empirical investigations in 
human affective neuroscience have been directed elsewhere. In 
particular, great strides have been made to bridge affective and 
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cognitive neuroscience by probing how emotions influence 
attention, memory, decision making, and cognitive control 
(Okon-Singer, Hendler, Pessoa, & Shackman, 2015; Vuilleumier, 
Armony, & Dolan, 2004). Despite some overlap of mechanisms 
underlying cognitive functions and motor action (for instance 
between executive control and motor inhibitory processes; or 
between decision making and motor programming), and despite 
the use of outcome measures in emotion–cognition paradigms 
that are often motoric in nature (e.g., response times), there has 
been a relative lack of effort to link affective neuroscience with 
movement neuroscience. Moreover, comparably little attention 
has been given to the close relationship between emotion and 
voluntary action—that is, the effects of emotion on movements 
that are goal-directed (purposive), triggered either internally or 
by external events though this may or may not initiate move-
ment, and amenable to modification by learning (Krakauer & 
Ghez, 2000). This neglect has hampered progress in understand-
ing emotion–motor system interactions at the behavioural and 
neural level, thwarting a comprehensive understanding of affec-
tive and movement disorders alike.

Accumulating evidence from psychological and neuroimag-
ing work over the last decade has, however, provided important 
new insights and opened new avenues to unite these seemingly 
disparate fields. Here we provide an overview of this research, 
focussing on emotion–action interactions from a human affec-
tive neuroscience perspective. Of particular relevance to this 
article are two theoretical frameworks that underpin most of the 
research reviewed in what follows. These perspectives consider 
emotions respectively as action tendencies (Frijda, 1986, 2007; 
see also Arnold, 1960) and as motivational systems (Lang & 
Bradley, 2010) that strive the organism towards specific adap-
tive goals. Action tendency refers to the internal motivate states 
thought to underlie emotional feelings and overt behaviour, as 
epitomised by the work of Frijda (2009). These internal states, 
or motivational processes of action readiness, prepare and guide 
the body for action. Importantly, in this view, action tendencies 
are not limited to observable behavioural manifestations such as 
approach and withdrawal behaviours. They also encompass 
nondirectional voluntary movements and nonmotor actions 
(Frijda, 2009). A related framework based on motivational 
states as preparation for action is emphasised by Lang and col-
leagues, who posited that emotions are organised around two 
motivational systems, appetitive and defensive, evolved to 
avoid threat and promote survival (Lang & Bradley, 2010). 
These systems are implemented by specific neural circuits that 
mediate autonomic and somatic responses; activation of one or 
the other system depends on emotional valence, while the 
degree of motivational activation is based on emotional arousal.

With these classic models in mind, we first review research 
examining action arising from or directly influenced by affec-
tive information; particularly work addressing how emotional 
signals influence the preparation, execution, and control of 
action. Note that here we use the term action interchangeably 
with voluntary movement or motor behaviour. We then discuss 
considerations for future research by outlining possible strate-
gies to align theories of emotion with those of neuromotor 

control, and briefly mention neuropsychiatric pathologies 
where emotion–action interactions are disrupted.

How Do Emotional Processes Influence 
Voluntary Movement?
In the following sections we review recent empirical research 
explicitly addressing how emotional state modulates various 
parameters of voluntary motor behaviour using neuroscience 
tools. We therefore exclude literature simply inferring a rela-
tionship between emotion and action (i.e., no objective meas-
ures of a direct influence of emotion on motor control were 
evident). Moreover, because the focus of this review is on pro-
cesses governing voluntary movement, we exclude those stud-
ies examining elementary motor phenomena modulated by 
emotion such as involuntary reflex responses (e.g., fear-potenti-
ated startle; Bradley, Codispoti, Cuthbert, & Lang, 2001), as 
well as those examining behaviours with communicative 
expression value (e.g., gestures or postures; reviewed in de 
Gelder, de Borst, & Watson, 2015; see also Ekman, 1999; 
Tomkins, 1963). We include actions associated with several 
emotional categories (e.g., positive–negative; approach–avoid-
ance), without specifically dissociating among these.

Emotional Effects on Performance Speed and 
Accuracy

To understand the appetitive and defensive motivation systems, 
an abundance of research has investigated how the speed of 
directional movements (approach and withdrawal) is affected by 
emotions, for example, following or during emotional priming 
(for a recent meta-analysis see Phaf, Mohr, Rotteveel, & 
Wicherts, 2014). In general, these studies showed that responses 
are faster to positive stimuli for movement directions towards 
the body (approach), while faster to negative stimuli for move-
ments away from the body (withdrawal). Given that much atten-
tion has already been devoted to this field (including a recent 
special section in Emotion Review [Vol. 5, 2013]), an exhaustive 
review of this literature is outside the scope of the present article. 
We instead briefly review studies that delineate emotional effects 
on processes involved in overt movement generation, rather than 
those simply limited to measurement of overall response times.

Priming with emotional images can also affect the accuracy 
and speed of nondirectional motor performance. Unpleasant 
compared to pleasant priming was found to impair movement 
accuracy, but not speed, of a self-paced tracing task. However, 
unpleasant priming through brief exposure led to opposite 
effects; faster movement speed but accuracy unaffected 
(Coombes, Janelle, & Duley, 2005). It was suggested unpleas-
ant stimuli facilitate movement speed (and hence preparation 
for action) to enhance rapid adaptive reaction to threat and sur-
vival, while they have more delayed effects on deliberative cog-
nitive processing. These data are consistent with the motivational 
systems theory of emotion (Lang, Bradley, & Cuthbert, 1997), 
which provides an evolutionary explanation for emotional 
effects on motor control. However, facilitation of movement 
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speed to unpleasant stimuli is at odds with many studies showing 
response slowing in the presence of threat cues, often attributed 
to attentional interference (e.g., Schimmack, 2005). These nega-
tive effects on performance may be due to enhanced processing 
and attentional capture by negative stimuli (Vuilleumier, 2005), 
where attention is diverted away from the primary task or dwells 
longer on affect-laden stimuli. These discrepant motor effects 
may therefore reflect a different impact at distinct stages of emo-
tion processing and/or motor control. Neuroscience studies using 
time-resolved techniques would provide valuable information to 
clarify the unfolding of emotion and motor information process-
ing and thus better define the locus of their interaction.

Whether impairment or facilitation of response speed by 
emotions reflects alterations in the preparation and/or execution 
stages of movement generation remains relatively unexplored. 
There is some evidence for faster movement initiation times 
(wrist extension) to negative emotions, due, in part, to faster cen-
tral motor processing time rather than peripheral motor processes 
(Coombes, Cauraugh, & Janelle, 2007b). Extending these find-
ings, Coombes, Cauraugh, and Janelle (2007a) showed signifi-
cantly faster initiation of extension (withdrawal) movements in 
response to attack relative to mutilation images. This result high-
lights possible differential effects of negative emotional signals 
on central motor processes preceding overt movement, particu-
larly withdrawal or defensive movements. A negative affective 
state prior to movement onset can also affect spatial parameters 
of response execution. Initial trajectories of rapid reaching 
movements performed by spider-fearful individuals deviated 
away from fear-related images, indicating automatic modulation 
of the movement prepared before initiation and ongoing motor 
behaviour (Buetti, Juan, Rinck, & Kerzel, 2012).

Studies using transcranial magnetic stimulation have pro-
vided supporting evidence that emotions modulate central 
motor processes. Viewing affective stimuli reliably increases 
corticospinal motor tract excitability, though there is debate 
whether changes are driven by emotional arousal or negative 
valence (Coombes et  al., 2009; Hajcak et  al., 2007; Schutter, 
Hofman, & van Honk, 2008). Nevertheless, these findings con-
firm the power of emotions to directly influence the motor sys-
tem, even in the absence of motor execution.

Similarly, studies using electroencephalography have 
reported inconsistent findings. Larger slow-wave event-related 
potentials (ERPs) associated with motor preparation were found 
for highly arousing stimuli (Perri et  al., 2014; Wessa & Flor, 
2007), yet reduced movement-related ERP amplitudes to aver-
sive stimuli have also been reported (Hart, Lucena, Cleary, 
Belger, & Donkers, 2012), likely reflecting emotional interfer-
ence. Additional research is needed to more directly link 
changes in preparatory cortical activity during emotion process-
ing with motor behaviour, and to elucidate their time-course.

Inhibiting Voluntary Motor Responses in 
Emotional Contexts

The ability to suppress or withhold a voluntary motor response in 
response to emotional signals also allows for adaptive behaviour 

that can promote survival. Studies examining the interaction 
between motor inhibition and emotional processes typically use 
go/no-go or stop-signal tasks. There is ongoing debate whether 
emotional stimuli facilitate or impair motor inhibition, and 
whether similar or distinct neural pathways are recruited during 
motor inhibition in response to emotional and nonemotional sig-
nals. The right inferior frontal gyrus (rIFG) is well known to be 
involved in motor and cognitive inhibition (Aron, Robbins, & 
Poldrack, 2014), and recent evidence supports a role of rIFG in 
action suppression within emotional contexts, indicating rIFG 
acts as a common inhibitory region across domains.

Using an emotional go/no-go task with face stimuli, 
Berkman, Burklund, and Lieberman (2009) suggested that 
intentional motor inhibition via rIFG involvement can simulta-
neously inhibit affective processing. Concurrent presentation of 
emotional faces during motor inhibition increased rIFG activity, 
but this enhancement was negatively correlated with amygdala 
responses to negatively valenced faces, indicating a dampening 
of affective processing through some inhibitory “spillover.” 
Similar findings of rIFG involvement in emotionally guided 
motor inhibition have been reported (Shafritz, Collins, & 
Blumber, 2006), but in the latter study, the go- and no-go signals 
were confounded by emotional valence since participants made 
a key press to happy faces, but withheld their response to sad 
faces.

Traditional go/no-go paradigms have been criticised for not 
providing a direct test of emotional effects on the suppression of 
ongoing motor actions (Sagaspe, Schwartz, & Vuilleumier, 
2011). Identifying inhibition processes independent from motor 
execution can be addressed using stop-signal tasks. Here, the 
cue to withhold responding occurs after the go signal but before 
movement execution, allowing processes associated with can-
celling an intended movement to be probed. Although both the 
go/no-go and stop-signal tasks require participants to withhold 
a response, the processes involved in inhibition may not be the 
same in the two paradigms (the consistency of the stimulus–stop 
associations in go/no-go and stop-signal tasks is fixed and var-
ied, respectively; Verbruggen & Logan, 2008), thus the mecha-
nisms underpinning the inhibition effects likely also differ.

Sagaspe et  al. (2011) integrated the presentation of fearful 
faces, representing task-irrelevant threat signals, into a stop-
signal task. Threat information slowed response times but did 
not affect inhibition latencies, yet overall emotional slowing 
was greater when participants failed to inhibit their response. 
The interaction of stop and threat signals may have enhanced 
the “braking” effect on movement execution, thus adding up on 
failed attempts to stop. In contrast, when high-arousing emo-
tional images preceded (primed) a neutral stop signal, inhibition 
latencies were prolonged (Kalanthroff, Cohen, & Henik, 2013; 
Verbruggen & De Houwer, 2007), indicating again, attentional 
interference effects. Moreover, emotional potency appears to 
differentially affect response inhibition: inhibition was improved 
by low-threat, but impaired by high-threat stimuli (Pessoa, 
Padmala, Kenzer, & Bauer, 2012).

Interestingly, neuroimaging results by Sagaspe et  al. (2011) 
showed rIFG activity was reduced for successful inhibition to 
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stop signals paired with fearful faces, highlighting that other neu-
ral mechanisms must be involved in cancelling an ongoing 
(already programmed) motor action in a negative emotional con-
text. Indeed, inhibition to negative emotions was associated with 
activation of the amygdala, lateral orbitofrontal cortex, and sup-
plementary motor area (SMA). Based on functional connectivity 
analyses, it was proposed the amygdala might inhibit motor exe-
cution in emotional contexts by modulating ongoing cortical pre-
paratory activity through neural pathways involving SMA and 
rIFG. Recent imaging work using structural connectivity meas-
ures also reported evidence for direct pathways between amyg-
dala and motor cortical areas (Grèzes, Valabrègue, Gholipour, & 
Chevallier, 2014). Further work is required to shed light on the 
role of the amygdala in integrating inhibitory and emotional pro-
cesses, and to determine how amygdala output may drive changes 
in motor programming and execution processes.

Evidence for Freezing Behaviour in Humans

There is a growing body of literature examining how emotions 
modulate the control of human motor functions unrelated to 
direction. One example includes freezing behaviour, a passive 
defensive reaction observed as reduced body motion, typically 
evoked by threat signals (R. J. Blanchard & Blanchard, 1986). 
In animals, freezing immobility is one of several possible 
responses to threat (e.g., fight, flight) with a distinct evolution-
ary advantage as it facilitates orienting of selective attention to 
external stimuli, avoiding predator detection, and mobilising 
cognitive resources for overt defense (D. C. Blanchard, Hynd, 
Minke, Minemoto, & Blanchard, 2001).

Analogous freezing has been demonstrated in the laboratory 
in humans by using emotional images (Bradley et  al., 2001). 
Viewing motivationally relevant unpleasant images can result in 
cardiac deceleration, greater electrodermal activity, and startle 
reflex attenuation. The degree of autonomic activity modulation 
varies with the level of defense system activation, and is thought 
to index enhanced perceptual processing and attention to facili-
tate action selection (Lang et  al., 1997). Similar autonomic 
changes are observed in animals (Applegate, Kapp, Underwood, 
& McNall, 1983). Crucially, much less is known about changes in 
the somatic motor system itself during freezing motor behaviour. 
According to the defense cascade model (Bradley et al., 2001), 
freezing facilitates action preparation for possible fight or flight 
responses when the distance of threat is reduced. In this context, 
freezing is viewed as a preparatory processes that precedes initia-
tion of overt (fight or flight) behaviour. However, others have 
attributed freezing behaviour to the response execution rather 
than response preparation stage (Wilkowski & Robinson, 2006). 
Thus freezing might not be limited to a state of action preparation 
preceding overt behaviour; it could be conceived of as one of 
several possible actions to threatening stimuli where an organism 
can switch between freezing, flight, or fight depending on the 
context of the threat (Fanselow & Lester, 1988).

In humans, changes in motor output associated with freez-
ing-like responses have been demonstrated by measuring pos-
tural sway. Reduced body sway was found during viewing of 

images depicting mutilation (Azevedo et al., 2005) and social 
threat (Roelofs, Hagenaars, & Stins, 2010). This is thought to 
reflect enhanced postural stiffness, due to increased tonic mus-
cle activity in the lower limb. In rats, a fixed tense posture asso-
ciated with freezing has also been linked to increased muscle 
tone (increased α-motorneurone excitability), and shown to be 
mediated by a dedicated neural network involving the periaque-
ductal gray (PAG) and cerebellum (Koutsikou et al., 2014). The 
PAG, and in particular the ventrolateral PAG, is critically 
involved in freezing behaviour during threat and stress (Brandão, 
Zanoveli, Ruiz-Martinez, Oliveira, & Landeira-Fernandez, 
2008). Using high resolution fMRI, Satpute et al. (2013) showed 
distinct subregions of the human PAG are associated with dif-
ferent emotional experiences, mirroring neurobiological obser-
vations in nonhuman animals. Moreover, the PAG may contain 
different subregions that each govern specific motor patterns 
promoting different defense movements (Bandler, Keay, Floyd, 
& Price, 2000; Bandler & Shipley, 1994).

However, evidence for the role of the PAG in modulating 
emotional-motor control in humans is scarce. A recent fMRI 
study demonstrated a direct association between PAG activity 
and overt motor performance in a sustained isometric (preci-
sion-grip) force task (Blakemore, Rieger, & Vuilleumier, 2016). 
Significant attenuation of force decay during force maintenance 
was found when participants viewed unpleasant images com-
pared to pleasant or neutral images. This negative valence-
driven modulation of force output was associated with increased 
activity in a network involving rIFG, amygdala, and PAG. The 
degree of PAG modulation was directly correlated with the 
arousal-dependent modulation of force output. Together, these 
studies support the notion that negative emotional signals can 
induce a state of immobility and that action tendencies may be 
associated with specific emotions. Furthermore, they show that 
expression and involvement of PAG in defensive freezing reac-
tions is conserved across species.

Emotion-Modulated Force Output

Further insight into how emotions can modulate motor behav-
iour unrelated to movement direction has been obtained by 
examining changes in particular action parameters, such as grip 
force. The control and execution of precision- and power-grip 
force are well characterised for healthy individuals in the motor 
control and neuroimaging literature, and offers a simple and 
elegant method to investigate the impact of emotional state on a 
key feature of everyday motor activities.

A series of behavioural studies have revealed that in general, 
arousing images, irrespective of valence, elicit a relative increase 
in submaximal grip force production. This was found at low and 
medium force levels (Naugle, Coombes, Cauraugh, & Janelle, 
2012), regardless of participant gender (Coombes, Gamble, 
Cauraugh, & Janelle, 2008), or mood (Naugle, Coombes, & 
Janelle, 2010). Coombes and colleagues suggested that emo-
tional arousal may increase force production through heightened 
excitation of the motor system. However, an alternative interpre-
tation of motor immobility rather than motor facilitation has 
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been proposed. Blakemore et  al. (2016) highlighted that the 
effects of pleasant stimuli on force output depend, in part, on the 
content of the emotional stimuli, and noted that in the studies of 
Coombes and colleagues (Coombes et  al., 2008; Coombes, 
Naugle, Barnes, Cauraugh, & Janelle, 2011), the “pleasant” con-
dition was comprised only of erotica images. Bradley et  al. 
(2001) hypothesised that sexual stimuli represent a unique cate-
gory of stimuli because motivational activation is unambiguous. 
That is, sexual stimuli elicit greater changes in autonomic reac-
tivity than other similarly high-arousing stimuli (e.g., images of 
families, appetising food), because they are more related to spe-
cies survival, and thus more strongly engage the appetitive moti-
vation system without concurrent activation of the defensive 
system. Nonetheless, when taken together, the studies by 
Coombes and colleagues (Coombes et al., 2008; Coombes et al., 
2011) and Blakemore et al. (2016) indicate that sexual stimuli 
can produce a distinctive impact on the motor system.

The effect of emotional signals on the variability of force out-
put (indexed by standard deviation) is conflicting. Force fluctua-
tions were enhanced by exposure to an aversive stressor (threat 
of shock; Christou, 2005; Noteboom, Fleshner, & Enoka, 2001) 
and negatively rated images in subclinical depression (Naugle 
et al., 2010) during sustained pinch-grip tasks at low forces, but 
not at moderate force levels (Coombes et al., 2008; Naugle et al., 
2010). Variability of maximal wrist extension force was unaf-
fected by emotion, despite larger force magnitudes during expo-
sure to unpleasant stimuli (Coombes, Cauraugh, & Janelle, 
2006). It was posited the effect of emotional state on force vari-
ability is a function of force amplitude; however modulation of 
force variability at low target levels in healthy controls was not 
replicated (Naugle, Coombes, et al., 2012).

Despite advances in understanding how emotions influence 
force output, the neural mechanisms underlying this interaction 
remain unclear. The prefrontal cortex (PFC) has been identified 
as a key region involved in integrating motor and emotional 
processes; however involvement of particular subdivisions of 
the PFC appears to be task-dependent, whether force is modu-
lated by emotion or not. When force output was held constant 
despite change in emotional state, a functional circuit involving 
dorsomedial PFC and premotor cortex (PMC) was engaged dur-
ing motor performance and concurrent viewing of high-arous-
ing images (Coombes, Corcos, Pavuluri, & Vaillancourt, 2012). 
However, in a maximal grip force task, enhanced force output 
following high-arousing images was correlated with activity in 
primary motor cortex, while subjective ratings of arousal were 
underpinned by activity in ventrolateral PFC (Schmidt et  al., 
2009). Both studies provide new insights into brain pathways 
mediating emotional modulation of force production, with 
recruitment of different frontal areas involved in motor planning 
and execution for the control of stable or maximal force, respec-
tively. However, further research is needed to first, delineate the 
brain mechanism underlying how emotional signals are assimi-
lated with the executive command controlling motor output that 
fine-tunes muscular contraction and hence force production; 
and second, examine how specific to emotion such effects are 
relative to other cognitive influences.

Overcoming the Neglect of Action in the 
Neuroscience of Emotion
Despite increasing empirical support for the influence of emo-
tions on various parameters of motor behaviour, one issue 
emerging from the work reviewed here is the noticeable paucity 
of neurophysiological evidence to account for emotion-motor 
interactions observed at the behavioural level. This is surprising 
given the explosion of interest in using sophisticated tools such 
as fMRI to elucidate neural mechanisms of emotional processing 
and (independently) the preparation and execution of motor 
actions; and even more surprising given that actions are central 
to several theories of emotions (Arnold, 1960; Damasio, 1998; 
Frijda, 1986; Lang et  al., 1997), particularly according to the 
view that emotions are “causal determinants of action” (Frijda, 
2010). Moreover, action readiness as an emotion-related concept 
draws significant parallels with similar notions in the motor 
control domain. As suggested by Frijda, “action readiness means 
preparation . . . the preparation may be merely central, or extend 
to the muscles” (2007, p. 40). Yet examination of central and 
peripheral components of the motor system that translate emo-
tional signals into appropriate motor behaviour is still scarce in 
affective neuroscience. Overcoming this neglect is crucial to our 
understanding and hypothesis-driven empirical testing of emo-
tion theories concerned with action.

An Information-Processing Approach to Explore 
Emotion–Action Interactions

Another general theme emerging from the aforementioned stud-
ies is they provide empirical support and alignment between the 
theories of Frijda (1986, 2007) and Lang (Lang & Bradley, 
2010) that motive states prepare and guide the body for relevant 
action. In particular, these studies demonstrate influences of 
emotion on both the preparation and execution phases of volun-
tary movement. The debate whether it is emotional arousal or 
valence that influences the motor system is still difficult to rec-
oncile given that different experimental paradigms and motor 
tasks are used and a limited number of emotional dimensions 
are often assessed (i.e., many studies only compare unpleasant 
with neutral stimuli). However, there is general consensus that 
negative affect, at least, has a significant effect on several basic 
parameters of motor control including response time and accu-
racy, movement initiation time, force generation and control, 
including during freezing, as well as motor inhibition.

How should future research seek to assimilate theoretical 
concepts from both affective and movement neuroscience to 
advance the understanding and experimental avenues of emotion-
motor interactions? We believe that an information-processing 
approach to motor control (Schmidt & Lee, 2014) could provide 
a fruitful model to further test emotion theories. This approach 
has established several distinct processing stages that occur 
between the input of information (stimulus) and the output of a 
motor action (response): stimulus identification, response selec-
tion, and response programming (Figure 1). Motor preparation 
can begin upon presentation of the stimulus (after perceptual 
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processes), indicating that actions are elicited and prepared, as 
least in part, prior to movement execution. In the case of an 
emotionally laden input signal, motor preparation could there-
fore directly be related to motive states.

The view that motive states in emotion represent hierarchi-
cally organised processes controlling distinct output systems is 
not new. Frijda (2007, p. 41) and Scherer (Grandjean & Scherer, 
2009) alluded to this, though neither scholar explicitly refer to 
any specific theory of motor control. Such hierarchical organi-
sation of action control is similarly reflected in the motor  
system where various components involved in movement gen-
eration form a highly organised, distributed network with multi-
ple levels of control. The neuroimaging studies reviewed before 
showed several motor structures to be involved in emotional-
motor processing, namely prefrontal cortex, including rIFG, 
SMA, and anterior cingulate cortex (ACC), as well as amyg-
dala, PAG, and basal ganglia. However, there may well be other 
brain areas where emotion and motor signals converge, for 
instance cerebellum, or multimodal association cortices.

Let’s borrow James’s (1890) example of striking a rival. In a 
simplistic description, the occurrence of a relevant stimulus (a 
threat from a rival) is first detected and appraised by analysing 
incoming sensory information from the environment, in the sen-
sory cortices, and higher level association areas (e.g., parahip-
pocampal, posterior cingulate, prefrontal cortices), including 
information about the rival, and, to some extent, current context. 
A representation of these various components is then assem-
bled, enabling an appropriate response to be selected among 
various alternatives; for instance, depending on the context, a 
threatening stimulus may prompt attack or fleeing behaviour. A 
key purpose of stimulus processing is to guide goal-directed 
movement. This information is subsequently processed in 
higher order motor centres such as the PMC and SMA, which 
are involved in action selection. Frijda (2007) notes that action 
selection critically depends on the output of appraisal processes, 
which ultimately drive the appropriate motive to be established 
(see also Moors & Scherer, 2013). When this results in the deci-
sion to attack/strike the rival, a punching response is selected 
among the possible action repertoire. Note that various factors 
might shape the available repertoire, for example, based on 
innate programs, past experience, context, but also hormonal 
factors (LeDoux, 2012). The selected motor response (limb 
extension for hitting) is then organised and prepared in the pre-
motor cortex, but also the cerebellum and basal ganglia, by pro-
gramming different parameters of the response (effectors, 
direction, force). The cerebellum and basal ganglia in particular 
are key structures that integrate signals from the limbic and 

motor systems via their structural and functional multisynaptic 
connections with the cerebral cortex (Alexander, Crutcher, & 
DeLong, 1990). Both structures are also linked to motor learn-
ing, in keeping with intimate functional and anatomical rela-
tionships of emotion processes with memory mechanisms in the 
limbic system (as highlighted by conditioning in amygdala or 
reinforcement in striatum). This interplay between subcortical 
and cortical activity in response to emotional cues eventually 
leads to initiation of the constructed motor program, and finally 
execution of a motor response by contracting relevant muscles, 
via the commands send by the primary motor cortex to the 
brainstem and spinal cord. The basal ganglia-thalamocortical 
loops are crucial for motor execution, and are also instrumental 
in motivational processes (Pessiglione et al., 2007), driving suc-
cessful attainment of the established goal to strike. Cerebellar 
activity continually monitors the commenced action, fine-tuning 
its parameters during execution to correct errors and ensure 
accurate performance (Stoodley & Schmahmann, 2009). The 
cerebellum is also involved in emotional processing, possibly 
by associating sensory stimuli, particularly in fear-related con-
texts with their emotional significance and expression of the 
appropriate motor response (Timmann et al., 2010).

Thus the action tendency or the underlying motive state pre-
pares for upcoming action through various stages that imple-
ment movement execution, each of which might potentially be 
influenced by emotional signals in different manners. In light of 
the similarities between motive states and information process-
ing for action preparation, we propose that a more formal incor-
poration of motor control models (e.g., Rosenbaum, 1991) into 
emotion theories would allow fruitful and coherent foundations 
to bridge the two fields.

While evidence demonstrating that negative affect, particu-
larly threat, may speed up motor responses is valuable (Phaf 
et  al., 2014), an information-processing model as described 
before also highlights why it is likely to be insufficient to 
examine emotion-motor interactions in the laboratory by sim-
ply analysing response times (commonly via button presses or 
manipulation of levers). Facilitation of response time could  
be due to facilitation in one or more of these information- 
processing stages (decreasing the time to initiate movement) 
or faster performance of the movement itself. To enhance our 
knowledge of emotion-motor interactions at the mechanistic 
level, future research should take advantage of methodological 
tools that selectively probe motor preparation and execution 
processes, particularly those with precise timing characteris-
tics. Recordings of change in muscular electrical activity using 
electromyography (EMG) enable, for instance, the separation 

Figure 1.  An information-processing approach to emotion-modulated motor control (adapted from Schmidt & Lee, 2014).



Blakemore & Vuilleumier  Toward an Integrative Motor-Affective Model  305

of central from peripheral effects during motor preparation 
(Weiss, 1965), as well as examination of agonist and antago-
nist muscle cocontraction, providing additional information 
about the locus of facilitatory effects on fear-evoked freezing 
behaviour. To our knowledge, only one study has used EMG 
for this purpose (Coombes et al., 2007b). Motor effects should 
also be more systematically compared with those related to 
perceptual and attentional changes in emotional information-
processing.

At the brain level, examining ERPs related to motor prepara-
tion such as the readiness potential (Deecke, Weinberg, & 
Brickett, 1982; Kornhuber & Deecke, 1965) would also permit 
stronger inferences about how negative affect motivates and pre-
pares the body for action. Thus far, motor ERPs have been 
recorded and analysed primarily in the context of exploring atten-
tion or anticipation mechanisms to emotional signals, offering 
only indirect evidence for modulation of motor preparatory pro-
cesses per se. Similarly, fMRI studies should build on the elabo-
rate theoretical framework and rich experimental approaches 
developed in the motor control literature. In doing so, continued 
efforts will be required to integrate innovative emotion-motor 
paradigms and magnetic resonance (MR)-compatible equipment 
to assess movement within the MR environment. Novel experi-
ments linking brain function to simultaneously measured param-
eters of motor behaviour will significantly accelerate our 
understanding of how the brain prepares and coordinates the 
many muscles and joints for action in different emotional con-
texts. Such systematic strategies will eventually allow further 
refinement or elaboration of emotion theories, particularly the 
central role of action tendencies, such that future models may also 
include more details on the psychological and neural processes 
linking emotion elicitation with motor mechanisms controlling 
adaptive goal-directed behaviour.

Integrating Emotion–Action Constructs

As the bridging of affective and movement neuroscience pro-
gresses, there is the possibility for considerable confusion con-
cerning the description of phenomena and terminology adopted 
from each field. Another challenge will therefore be the careful 
use and definition of terms applied to a united field. For instance, 
the term “reflex” has different connotations in the motor control 
and emotion literature but is often used inconsistently. In move-
ment neuroscience, reflexive responses, notably spinal reflexes, 
are involuntary coordinated patterns of muscle contraction elic-
ited by a peripheral stimulus in a reproducible and stereotyped 
manner (Krakauer & Ghez, 2000). The neural circuitry underly-
ing the motor reflex response is entirely contained within the 
spinal cord, and thus its latency is short. Emotional reflexes on 
the other hand, are “physiological or behavioural reactions 
evoked automatically in humans by affectively evocative stim-
uli” (Lang & Bradley, 2009, p. 334). Eyeblink startle responses 
are consistent with both motor control and emotion definitions. 
Autonomic responses to emotional stimuli (such as fear brady-
cardia), however, are also considered to be reflexes; consistent 
with emotional reflex definitions but not with motor control ter-
minology.

Similar confusion may result, for example, when examining 
emotional influences on “unintentional” or “automatic” actions 
(terms used synonymously with “involuntary”) in contrast to 
those actions that are “intentional” or “deliberative.” Indeed, 
spinal reflexes were traditionally viewed as automatic behav-
iours with a stereotyped stimulus–response relationship, 
whereas voluntary movements are purposive (intentional), 
highly adaptable, and can be generated internally or cancelled 
by will. Yet the terms unintentional/automatic and intentional/
deliberative can all denote voluntary movement, representing 
ends on a continuum, in which a myriad of actions fall in 
between. In fact this dichotomous framework has long been a 
central theme of philosophical debates on the theory of action 
concerning beliefs, volition, agents, and will (Zhu & Thagard, 
2002). A striking aspect of human motor control is our ability to 
carry out complicated actions in both an intentional, goal-
directed manner and in an automated and effortless fashion, 
without moment-to-moment conscious processing (e.g., habit-
ual responses). Indeed, recent work on instrumental behaviour 
has shown distinct cortico-basal ganglia networks regulating 
these two main categories of actions: Whereas goal-directed 
actions, controlled by their consequences, are underpinned by 
activity in the associative network involving dorsomedial stria-
tum, habitual actions, controlled by antecedent stimuli, impli-
cate the sensorimotor network and the dorsolateral striatum (for 
a review, see Yin & Knowlton, 2006). Moreover, actions elic-
ited by emotional signals need not have intentionality (impul-
sive action; Frijda, 2010), yet paradoxically, “intention is central 
to the concept of voluntary action” (Lau, Rogers, Haggard, & 
Passingham, 2004, p. 1208).

Related inconsistencies are found in descriptions of freezing. 
Typically thought of as a stereotyped defensive reaction to 
threat and considered a reflexive behaviour by some (e.g., Lang, 
2014), it is characterised by the cessation of ongoing motor 
behaviour to avoid detection, mediated by activity within corti-
cal, subcortical, cerebellar, and brainstem structures, and can be 
modified by learning and experience. In addition, freezing is 
one among a range of possible motor behaviours that could be 
selected and elicited in response to threat signals (as opposed to 
flight, fight, etc.), combining muscular with autonomic (brady-
cardia) components. From a neuromotor control perspective, 
these are all features of voluntary rather than reflexive move-
ment. Furthermore, the term freezing is also often used to refer 
to other, possibly distinct, threat responses including orienting 
and tonic immobility (Hagenaars, Oitzl, & Roelofs, 2014).

These examples demonstrate common emotion–action con-
structs need to be clearly and consistently defined with aware-
ness of the historical frameworks and debates within each field. 
This approach is vital to circumvent potential misunderstand-
ings in future research endeavours.

Beyond the Bridge: Informing Special 
Populations

Strengthening emotion models through the integration of affec-
tive and movement neuroscience should also help to better 
understand changes in motor behaviour and more generally 
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action control when a link in the emotion-motor processing 
chain is disrupted. Examination of individuals with aberrant 
emotion-motor processing giving rise to altered motor behav-
iour due to neurological or psychiatric disorder may also enable 
new light to be shed on emotion–action interactions at the 
behavioural and neural level.

For example, freezing responses have been linked to symp-
toms of several threat-related disorders such as conversion dis-
orders (Vuilleumier, 2014), but also phobias and posttraumatic 
stress disorder (Hagenaars et al., 2014); poor inhibitory control 
is observed in obsessive-compulsive disorder (OCD) and schiz-
ophrenia (Kalanthroff et al., 2013), as well as disinhibition in 
Gilles de la Tourette syndrome (TS; Coffey & Park, 1997); psy-
chomotor retardation with slower movement and even abnormal 
gait is a key feature of major depressive and bipolar disorders 
(Buyukdura, McClintock, & Croarkin, 2011). The notion that 
stress and depression negatively affects symptoms of Parkinson’s 
disease (PD) has been extensively documented (see Metz, 
2007), and was quantified in early clinical literature (Marsden 
& Owen, 1967). However since then, research examining affec-
tive modulation of motor function in PD patients is scarce. An 
association between emotional distress and motor blocks of vol-
untary action using rating scales in PD was recently reported 
(Starkstein et  al., 2015), while Naugle, Hass, Bowers, and 
Janelle (2012) found the speed of gait initiation was enhanced in 
PD following viewing of aversive stimuli. In this study patients 
were tested on medication and their gait speed was not different 
from control participants, limiting the conclusion that can be 
drawn about altered emotion-motor processing in PD.

Advancements in deep brain stimulation (DBS) techniques 
that target basal ganglia relays have shown promising results as 
a therapeutic tool to ameliorate symptoms and restore motor 
and/or cognitive function in a number of disorders (Mallet et al., 
2007). Motor complications associated with advanced PD are 
effectively treated with electrical stimulation of the subthalamic 
nucleus (STN) within the basal ganglia (Fasano, Daniele, & 
Albanese, 2012). However, there is growing evidence that STN 
stimulation has emotional side effects, for example it tends  
to impair recognition of negative emotional expressions in  
PD patients (Péron, Frühholz, Vérin, & Grandjean, 2013). 
Stimulation of the motor thalamus can improve motor symp-
toms and promote emotional stabilisation in TS (Huys et  al., 
2015), while several target structures for DBS, including the 
nucleus accumbens, ventral striatum, and STN, have shown to 
reduce symptom severity and enhance quality of life in treat-
ment-refractory OCD (Kohl et al., 2014; Le Jeune et al., 2010). 
Together, these findings highlight the basal ganglia as key nodes 
involved in integrating signals for the execution of emotional 
and motor behaviour.

The integration of emotion and action as an emerging field 
will not only enhance the progress of neurosurgical approaches 
to PD and other movement disorders, but potentially contribute 
to the development of novel movement interventions that could 
also be applied to neurological and psychiatric disorders in a 
rehabilitation setting. As noted by Coombes et  al. (2007b, p. 
282), “manipulating affective context to alter motor function is 

a promising noninvasive technique,” though to our knowledge, 
no intervention studies have yet been reported. Behavioural 
interventions might aim to optimise movement by activating 
emotional circuits known to speed movement responses or exe-
cute movements with greater force control. Modulating path-
ways controlling motive states may thus help alleviate 
behavioural disorders associated with slow or poor movements 
(Schmidt et al., 2009), or vice versa improve impulsive action 
control (Frijda, Ridderinkhof, & Rietveld, 2014). Moreover, 
interventions to facilitate motor function could equally benefit 
elite sportspeople or musicians who perform in highly arousing 
contexts, or those working in emotionally charged professions 
such as surgeons or pilots in which efficient, automatic, and 
skilful movement performance is paramount.

Conclusion
Tremendous effort has been made over the last decade to exam-
ine emotion–action interactions by uniting the disciplines of 
affective and movement neuroscience. Though this field is still 
in its infancy, we have already gained significant insights into 
the way in which emotions can influence several facets of motor 
selection and voluntary movement performance in the healthy 
brain, with clinical implications for affective and movement 
disorders. In order to more comprehensively understand this 
interdisciplinary field, researchers should strive to conduct mul-
timethodological experiments. There is huge scope to combine 
techniques readily applied to study the preparation, initiation, 
and control of movement, with those used to examine emotional 
responses in determining how emotions can influence different 
temporal stages of processing. Methodological developments in 
neuroimaging will open opportunities to conduct further mecha-
nistic research and exploration of the neural circuitry underly-
ing emotion-motor processing. Additionally, further reviews of 
evidence for emotional modulation of reflexive, expressive, and 
habitual behaviours would be useful to complement the present 
article, providing a holistic perspective on emotion-motor inter-
actions. Only through a collective effort across domains, will 
we be able to truly appreciate the significance of the interwoven 
nature of emotion and action.
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