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Abstract
BACKGROUND—The abnormal movements seen in motor conversion disorder are affected by
distraction and entrainment, similar to voluntary movement. Unlike voluntary movement,
however, patients lack a sense of control for the abnormal movements, a failure of “self-agency.”
The action-effect binding paradigm has been used to quantify the sense of self-agency, because
subjective contraction of time between an action and its effect only occurs if the subject feels that
they are the agent responsible for the action. We used this paradigm, coupled with emotional
stimuli, to investigate the sense of agency with voluntary movements in patients with motor
conversion disorder.

METHODS—Twenty patients with motor conversion disorder and 20 age- and gender-matched
healthy volunteers used a rotating clock to judge the time of their own voluntary keypresses
(action) and a subsequent auditory tone (effect), after completing conditioning blocks in which
high, medium and low tones were coupled to images of happy, fearful and neutral faces.

RESULTS—The results replicate those shown previously: an effect following a voluntary action
was reported as occurring earlier, and the preceding action later, compared to trials of only
keypresses or tones. Patients had reduced overall binding scores relative to healthy volunteers,
suggesting a reduced sense of agency. There was no effect of the emotional stimuli (faces) or other
interaction effects. Healthy volunteers with subclinical depressive symptoms had higher overall
binding scores.

CONCLUSIONS—We show that motor conversion disorder patients have decreased action-
effect binding for normal voluntary movements compared to healthy volunteers, consistent with
the greater experience of lack of control.

Keywords
agency; action-effect binding; conversion disorder; psychogenic movement disorder; forward
model

INTRODUCTION
Conversion disorder (CD) refers to unexplained neurological symptoms thought to be
mediated by psychological factors, for which the patient denies any sense of control or “self-
agency” over the movements.1 Yet the abnormal movements in these patients often appear
similar to voluntary movement in several ways. “Entrainment” is often used in diagnosing
motor CD, by asking the patient to tap the same rhythm as the examiner. In patients with
conversion tremor, the tremor will often assume the same frequency as the tapping.2 In this
way, the abnormal movements in CD are vulnerable to interference from other motor tasks,
as in voluntary movement, but patients report that their abnormal movements are completely
involuntary. How the sense of voluntariness or agency could be dissociated from such
movements is unclear.
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The sense of agency has been studied with the paradigm of action-effect binding.3 Subjects
use a rotating clock hand (based on the method developed by Libet)4 to judge either the time
of their own voluntary keypress or of an auditory tone in baseline trials. They then judge
either the time of their keypress that led to a tone or the time of a tone that followed their
keypress in subsequent trials. When voluntary actions were followed by tones, such that the
subjects’ action clearly led to an effect, they judged actions to occur later and effects to
occur earlier compared to the baseline trials of only actions or only tones (Figure 1). In the
case of a similar involuntary movement (passively induced by transcranial magnetic
stimulation (TMS)) the reverse was found: actions were judged to occur earlier and effects
to occur later when coupled compared to the baseline trials.

Because action-effect binding is only found for intentional, voluntary movements, and motor
CD patients deny volition for their abnormal movements, we hypothesized that these
patients would show reduced binding. A recent study using Libet’s original paradigm to
characterize the subjective sense of when a movement was willed and when it occurred in
motor CD patients showed that timing of these mental events differed significantly from
healthy volunteers, even though only normal voluntary movements were studied in
patients.5 Thus we hypothesized that action-effect binding could be applied to motor CD
patients making normal voluntary movements and still reflect a possible abnormality in the
greater sense of agency for movement.

How might psychological factors interfere with motor control, causing movement to occur
without a sense of agency? It has been shown that an emotional affect associated with a
motor outcome changes the sensory perceptions associated with the motor act, even in
healthy subjects.6 We have previously shown that in motor CD patients, exposure to
arousing stimuli such as happy and fearful faces resulted in greater functional connectivity
between limbic regions such as the amygdala and supplementary motor area (SMA)
compared to healthy volunteers.7 Motor planning regions such as the SMA are implicated in
the sense of agency, possibly by linking voluntary actions to their effects.8 Since amygdala
activity and amygdala-SMA functional connectivity is affected by emotional stimuli in CD
patients,7 the sense of agency in CD may also be modulated by emotional context.

In this study, we used action-effect binding as an implicit measure of the sense of agency
associated with normal voluntary movements in motor conversion patients compared to
healthy volunteers. To explore the effects of emotional stimuli as a secondary outcome,
three different auditory tones were paired with three emotional stimuli (positive, negative or
neutral) in initial conditioning blocks.

METHODS
Subjects

Motor CD patients >18 years were recruited from the Human Motor Control clinic at the
National Institute of Neurological Disorders and Stroke. Patients were included if they had
“clinically definite” psychogenic movement disorder,9 as well as motor CD by DSM-IV-TR
criteria: “psychological factors are judged to be associated with the symptom or deficit
because the initiation or exacerbation of the symptom or deficit is preceded by conflicts or
other stressors.”1 Patients were excluded if they had a serious medical or neurological
illness. Age- (+/− 5 years) and gender-matched healthy volunteers were recruited from the
National Institutes of Health healthy volunteer database.

The study was approved by the National Institutes of Health Institutional Review Board and
all subjects signed informed consent.
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Experimental design
In an initial conditioning block, high, medium and low tones were paired with happy, neutral
and fearful faces (Figure 1, from the Karolinska Directed Emotional Faces (1998), 24
conditioning trials per each valence) in order to establish positive, neutral and negative
associations (valence) with the different tones. To ensure attention while viewing the faces,
subjects were asked to identify the gender of the faces verbally during the conditioning
blocks. The order of coupling (e.g., whether high tones were coupled with happy faces) was
distributed evenly between subjects. Each patient and control pair were tested with the same
order.

The conditioning phase was immediately followed by the test phase. Subjects then watched
a clock (diameter 3 cm, rotating 1 revolution/2560 ms, marked at conventional 5 minute
intervals) on a computer screen to judge the timing of keypresses and auditory tones.4 Faces
were only shown during the conditioning phase, while during the test phase subjects saw
only the clock. Four blocks were performed in random order: baseline keypress (BK),
baseline tone (BT), and two agency blocks in which the keypress led to a tone (AK and AT),
each with 25 trials.3 In each block subjects were instructed whether they would be reporting
the time of the keypress or of the tone, and did not switch between these within any block.
During blocks requiring keypresses (BK, AK and AT), subjects pressed a key (1.7 cm2) with
their dominant index finger, and were specifically instructed not to “aim” their action at a
specific preselected position of the clock, but rather to press the key when they felt like
doing so. In agency blocks (AK and AT), the keypress was followed by the high, medium or
low tone 250 ms later presented in random order. Tones lasted 75 ms. The clock continued
to rotate for a random interval before stopping. The subject was then asked to report verbally
a number corresponding to the position of the clock when they pressed the key (BK and AK)
or heard the tone (BT and AT).

Prior to the study, subjects completed the Beck Depression Inventory (BDI)10 and the State
portion of the State-Trait Anxiety Inventory (STAI)11 questionnaires, to assess for
depressive and anxiety symptoms.

Because patients typically had generalized abnormal movements, no attempt was made to
have patients use an “unaffected” hand for keypresses. They were instructed to use their
dominant hand, and to stop if they felt that they could not participate.

Data analysis
In order to calculate binding, each subject’s baseline keypress or tone times were subtracted
from the agency blocks, so that each subject’s times were self-corrected. Thus individual
differences or general biases in time perception and cross-modal matching against the clock
are removed, and do not affect the results. To calculate action binding for each subject, we
subtracted the perceived time of keypresses in the BK blocks from the perceived time of
keypresses in the AK blocks. To calculate tone binding, the perceived time of the auditory
tone in the BT blocks was likewise subtracted from the perceived time of the tone in the AT
blocks. Overall binding is defined as the sum of action binding and tone binding multiplied
by −1, with the sign change in tone binding required to account for the different directions of
the binding effect for tones compared to actions. Below is an example of these calculations.

Baseline keypress (BK) = reported at mean 40 ms after keypress actually occurred,
according to computer

Agency keypress (AK) = reported at mean 100 ms after keypress resulting in tone
actually occurred

Action binding = AK-BK = 60 ms
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Baseline tone (BT) = reported at mean 55 ms after tone actually occurred

Agency tone (AT) = reported at mean 30 ms after tone resulting from keypress actually
occurred

Tone binding = AT-BT = −25 ms

Overall binding = action binding + tone binding × −1

Overall binding = 85 ms

Scores were analyzed for normality using Shapiro-Wilks test, and were inspected for outliers
(> 3 SD from the mean) which were removed from the dataset. We assessed action binding,
tone binding and overall binding using three separate mixed measures 2 × 3 ANOVAs with
group (patient, healthy volunteer) as a between-subjects factor and valence (positive,
negative, neutral) as a within-subjects factor. To rule out an effect of depressive or anxiety
symptoms, BDI and STAI scores were assessed for interaction with factors in the model and
included as a covariate in an ANCOVA if there were no interactions. P<0.05 was considered
significant.

RESULTS
Twenty CD patients (8 men, 12 women) and age- and gender-matched healthy volunteers
were tested. The motor CD patients [age: 46.36 (SD12.42); BDI: 13.0 (SD 7.71); STAI:
39.88 (SD 11.40)] scored higher on depressive and anxiety scales relative to healthy
volunteers [age: 46.52 (SD 11.78); BDI: 3.11 (SD 2.91); STAI: 25.83 (SD 29.1)] (age:
t=0.04, p=0.97; BDI: t=5.49 p=0.0001; STAI: t=2.01, p=0.05). Patient characteristics are
described in Table 1. While several patients had frequent ongoing movements in their
dominant hand, the number of trials that had to be excluded due to interruption by
involuntary movements was less than 10 in each of these patients. A trial (a single report of
BK, BT, AK or AT) was excluded only if the movement caused the patient to look away
from the computer screen, as verified by the experimenter, and thus the patient was not able
to report a time for that trial.

Data from three outliers with scores > 3 SD from the mean were removed (Overall binding:
Patient 1: Positive=388 ms, Negative=444 ms; Patient 2: Negative=340 ms; Healthy
volunteer: Neutral: −121 ms; Negative=−166 ms). All variables had a Shapiro-Wilks score >
0.5 suggesting normal distribution. Binding scores are reported in Table 2.

For action binding, there was no main effect of group (F(1,35)=0.59, p=0.45) or of valence
(F(2,34)=0.88, p=0.43), and no interaction (F(2,34)=0.26, p=0.78) (Figure 2). For tone
binding, there was a main effect of group: patients had less binding than healthy volunteers
(F(1,35)=7.48, p=0.01). Tone binding has been shown in previous studies to be more robust
and more statistically reliable than action binding; this greater reliability may have allowed
us to see differences between the groups more easily.12, 13 There was no effect of valence
(F=2,34)=0.66, p=0.53), and no interaction (F(2,34)=0.57, p=0.57). For overall binding,
there was again a main effect of group: patients had overall lower binding scores compared
to healthy volunteers (mean inter-group difference in overall binding: −73 ms (95%CI: −122
- −23), F(1,35)=8.83, p=0.005). The overall binding data imply that while healthy volunteers
perceived the action-effect interval as significantly shorter than it really was, without
judging directly the interval duration, the patients did not share this perception. There was
no main effect of valence (F(2,35)=0.83, p=0.45) or interaction effect (F(2,35)=0.17,
p=0.84). There were no correlations between any binding scores and symptom duration
(p>0.05).
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As there was an interaction between group with BDI scores for both tone binding
(F(2,34)=4.63, p=0.02), and overall binding (F(2,34)=5.96, p=0.006), BDI was not entered
into the ANCOVA as a covariate. The main effects of group for tone binding and overall
binding remained significant with STAI scores as a covariate (p=0.01 and p=0.03
respectively).

The relationship between binding and BDI scores was further assessed by regression
analyses evaluating BDI as an independent variable and overall binding as a dependent
variable separately in patients and healthy volunteers. Overall binding was used to correlate
with clinical measures because our interest was in the greater linkage between action and
effect, rather than either event individually. Higher depression scores were associated with
greater overall binding in healthy volunteers (R2=0.11, p=0.01) but not in CD patients
(R2=0.01, p=0.4) (Figure 3). To further assess for a relationship between depressive scores
and valence, we analyzed overall binding separately in the patients and healthy volunteers
using a mixed measures 2 × 3 ANOVA comparing valence (positive, negative, neutral) as a
within-subjects factor and BDI as a covariate. There was a significant interaction between
valence and BDI in the healthy volunteer group (F(2,16)=4.63, p=0.03) but no significant
interactions in the patient group (F(2,16)=0.02, p=0.93). In the healthy volunteer group,
regression analyses showed that higher BDI scores were associated with higher binding
scores for positive (R2=0.48, p=0.001) and neutral (R2=0.30, p=0.015) but not with negative
pictures (R2=0.009, p=0.70) (Bonferroni-corrected p-value = 0.02). There was no
association between BDI and binding scores in CD patients (all p>0.05).

DISCUSSION
Motor CD is characterized by abnormal movements, reported as outside of the patient’s
control. We used an action-effect binding task as an implicit measure of the sense of agency.
In CD patients, actions that produced a specific outcome were associated with reduced
binding, relative to the binding shown by healthy volunteers. This decrease in an implicit
measure of agency may be interpreted as a decreased sense of control over actions in
patients with motor CD. This finding reflects other behavioral results in motor CD patients.
Even in normal voluntary movements, the sense of volition associated with movement is
altered in these individuals.5

Action-effect binding has been applied to schizophrenic patients who, similar to PMD, are
felt to suffer from a disordered sense of self-agency. By using a probabilistic component of
the task, in which the tone followed only 50% of the keypresses in some trials, and 75% of
the keypresses in other trials, this study showed that action-effect binding in schizophrenic
patients was more reliant on whether the effect actually occurred.14 In healthy volunteers,
when the tone was likely to occur (in the 75% trials) but did not, action-effect binding was
still observed, interpreted as reflecting the internal prediction that the tone was likely to
occur. Thus schizophrenic patients seemed to be more dependent on external cues in making
judgments regarding agency, while healthy volunteers relied on internal predictions when
the likelihood of the outcome was high. Current models of how agency becomes disordered
in PMD have hypothesized that unlike schizophrenic patients, patients with PMD may be
too reliant on internal, pathological predictions regarding movement.15 In comparison to the
increased binding seen in schizophrenic patients, our study shows reduced action-effect
binding in PMD patients. Our study did not include a probabilistic component in the binding
task, and therefore is unable to determine the relative contribution of internal prediction or
external cues in these patients.

The pre-SMA is implicated in action-effect binding,8 and the SMA in greater voluntary
action-outcome associations.16 Interruption of pre-SMA function using TMS decreases
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action-effect binding.8 In a previous study comparing conversion movements with voluntary
movements, we inferred that motor prediction may be impaired in motor CD.17 In a follow-
up study isolating the process of motor preparation, motor CD patients had hypoactivity of
the SMA relative to healthy volunteers consistent with impaired binding.16 We have
previously shown greater functional connectivity between the amygdala and SMA to
arousing stimuli in motor CD patients compared to healthy volunteers suggesting that
arousing stimuli may interfere with SMA function.7 However, our current results do not
demonstrate an effect of valence on binding, in either healthy volunteers or motor CD
patients. This may be related to insufficient conditioning, or to the fact that the same action
was randomly and unpredictably associated with different valences, rather than a specific
action being associated with a specific outcome valence. Thus, in our study, any effect of
valence could only be retrospective, based on inference after the outcome has occurred, and
could only be indirect, based on previous associations of outcome stimuli with affects.
Designs that more directly assess affective outcomes of action18 or in which valence can be
known in advance might be better able to detect any interactions between affect and control
in motor CD.

Given the interaction between group and depressive scores, we further evaluated the
relationship between depressive scores and binding. In healthy volunteers, greater
depressive scores were associated with higher overall binding (greater sense of agency) but
no relationship was observed in CD patients. These findings suggest that the higher
depressive symptoms seen in CD patients as compared to healthy volunteers are unlikely to
be a confounder in our primary findings. In healthy volunteers, the association between
greater depressive symptoms and higher binding scores was more prominent for positive and
neutral pictures but not negative pictures. This latter finding suggests that the conditioning
in this task was effective, although a significant effect of valence on binding was not
demonstrated for either healthy volunteers or conversion patients. Without demonstration of
whether tone-valence associations were learned, we cannot definitively assess whether this
differed between groups.

This paradigm has consistently shown reduced binding when subjects do not judge
themselves to be the agent driving the effect. Still, the perceptual framework surrounding
agency is difficult to quantify in isolation, and it is possible that action-effect binding
reflects cognitive processes other than the sense of agency, or that the appearance of binding
occurs spuriously. CD patients may have reported the tone closer to its actual time due to a
greater amount of attention focused on outcomes or as a consequence of living with
involuntary movement. While the difficulty associated with making accurate keypresses in
the context of an ongoing involuntary movement disorder also could be a potential
confound, very few trials were actually affected by involuntary movement and had to be
excluded, likely due to the distractibility often demonstrated in CD patients. Finally,
although not powered to determine the effects of any medication on action-effect binding,
there may have been an effect from any of the patients’ medications or from other factors
not evaluated in this study such prior exposure to drugs or previous experience with psycho-
or physiotherapy.

It would be of interest to compare CD patients with different types of abnormal movements,
or those with hyperkinetic motor conversion to those with conversion paralysis. Patients
with different types of movements were grouped together in this study because our
hypothesis was that regardless of the type of involuntary movement, these patients
experience a movement without an associated sense of agency. Action-effect binding has
been demonstrated to occur for volitional movements but not in involuntary or passively
made movements,12, 19, 20 and thus regardless of the type of abnormal movement in PMD
patients, we hypothesized that they would have reduced action-effect binding. That a group
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effect in overall binding could be demonstrated despite such clinical heterogeneity in terms
of the patients’ movements implies that the defining characteristic in motor CD is not the
type of movement, but rather a reduced or altered sense of agency for movement.

Using an implicit measure of agency, we show that motor CD patients have decreased
action-effect binding when making normal voluntary movements compared to healthy
volunteers. Our findings are therefore consistent with motor CD patients’ reported
subjective experience of being unable to control their motor symptoms.2 The implication of
these results is that there is a pervasive difference in the generation of movement in these
patients such that the sense of agency is disrupted. We believe this is the first quantitative,
behavioral study of sense of agency in this group.
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Figure 1.
Upper right: Conditioning for action-effect binding task. Subjects viewed standardized
pictures of happy, fearful and neutral faces that were coupled to high, medium and low
tones. The association of which faces were coupled to which tones (for example, happy
faces and high tones) was randomized between subjects, and the same association was used
for each patient-matched control pair. Lower left: Action-effect Binding paradigm. When
subjects perceive their voluntary action to be the cause of an effect in the action keypress
(AK) or action tone (AT) trials, subjects report the action as occurring later and the effect as
occurring earlier than in the baseline keypress (BK) and baseline tone (BT) trials. This
compression of the subjective sense of time is also termed “intentional binding” as it does
not occur with involuntary or unintentional actions.
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Figure 2.
Action-effect binding scores. Action binding and Tone binding for action-effect blocks (AK
and AT) for conversion disorder patients (CD) and normal volunteers (NV). Error bars
represent Standard Error. Group effect of mixed measures ANOVA: p=0.005
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Figure 3.
Upper: Regression analyses of depressive symptoms and overall binding. The graph
demonstrates regression analyses for the Beck Depression Inventory (BDI) as an
independent factor and overall binding as a dependent factor for conversion disorder patients
(CD) and healthy volunteers (HV). Lower: Regression analyses of depressive symptoms and
overall binding as a function of valence in healthy volunteers. The graphs show regression
analyses for BDI as an independent factor and overall binding as a dependent factor as a
function of valence in healthy volunteers. The data for CD patients is not shown. The
Bonferroni corrected p-value < 0.02 was considered significant.
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Table 2

Binding scores in milliseconds. The action binding (perceived time of key press in AK – BK), tone binding
(perceived time of tone in AT – BT) and overall binding (combined action and tone binding) mean scores are
reported in milliseconds (SD) for motor conversion disorder (CD) patients and healthy volunteers.

CD patient Healthy control

No. subjects 18 19

Action Binding Neutral 31 (79) 36 (56)

Positive 13 (64) 32 (55)

Negative 16 (56) 29 (38)

Tone Binding Neutral −68 (74) −132 (69)

Positive −79 (80) −130 (60)

Negative −61 (80) −128 (73)

Overall binding Neutral 100 (113) 168 (78)

Positive 93 (90) 161 (69)

Negative 76 (81) 158 (63)
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