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Objective: To explore perception of facia expressions of emotion and its link with voluntary facia
musculature control in Parkinson’ s disease (PD). Method: Weinvestigated in 2 sets of experimentsin PD
patients and healthy controls the perceptual ability to discriminate (a) graded intensities of emotional
from neutral expressions, (b) graded intensities of the same emotiona expressions, (c) full-blown
discrepant emotional expressions from 2 similar expressions and the more complex recognition ability to
label full-blown emotional expressions. We tested an embodied simulationist account of emotion
perception in PD, which predicts alink between the ability to perceive emotional expressions and facial
musculature control. We also explored the contribution of the ability to extract facial information (besides
emotion) to emotion perception in PD. Results: Those with PD were, as a group, impaired relative to
controls (with large effect sizes) in al measures of discrimination and recognition of emotional
expressions, athough some patients performed as well as the best performing controls. In support of
embodied simulation, discrimination and recognition of emotional expressions correlated positively with
voluntary control of facial musculature (after partialing out disease severity and age). Patients were also
impaired at extracting information other than emotion from faces, specifically discriminating and
recognizing identity from faces (with large effect sizes); identity discrimination correlated positively with
emotion discrimination and recognition but not with voluntary facial musculature control (after partialing
out disease severity and age). Conclusions: The results indicate that impaired sensory and sensorimotor
processes, which are a function of disease severity, affect emotion perception in PD.
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The ability to perceive the emotional facial expressionsin others
is central to the regulation of social behavior. Findings from
studies that have investigated whether those with Parkinson's
disease (PD) have impaired perception of facia expressions of
emotion have been mixed. Some studies have reported impaired

perception of emotional facial expressionsin PD (Ariatti, Benuzzi,
& Nichelli, 2008; Assognaet al., 2010; Baggio et al., 2012; Bediou
et a., 2012; Buxton, MacDonald, & Tippett, 2013; Clark, Near-
garder, & Cronin-Golomb, 2008; Clark, Neargarder, & Cronin-
Golomb, 2010; Dujardin et al., 2004; Herrera, Cuetos, &
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Rodriguez-Ferreiro, 2011; Ibarretxe-Bilbao et al., 2009; Kan,
Kawamura, Hasgawa, Mochizuki, & Nakamure, 2002; Lawrence,
Goerendt, & Brooks, 2007; Narme, Bonnet, Dubois, & Chaby,
2011; Narme et a., 2013; Sprengelmeyer et a., 2003; Suzuki,
Hoshino, Shigemasu, & Kawamura, 2006; Yip, Lee, Ho, Tsang, &
Li, 2003), whereas others have found no impairment (Adolphs,
Schul, & Tranel, 1998; Cohen, Gagne, Hess, & Pourcher, 2010;
Haeske-Dewick, 1996; Pell & Leonard, 2005; Venturaet a., 2012;
Wieser et a., 2012). Although the results from individua studies
are mixed, a recent meta-analysis found that, overall, PD groups
were impaired in perceiving emotions from facial cues, docu-
mented by an averaged moderate effect size (Hedges' g = .48) for
all of the “basic emotions’ (Gray & Tickle-Degnen, 2010).

Gray and Tickle-Degnen (2010) documented substantial vari-
ability in emotion-perception impairment in PD, reflected in wide
confidence intervals of effect sizes, which was not related to
medication, depression, or disease severity. The studies in the
meta-analysis measured disease severity with the Hoehn and Y ahr
staging scale (Hoehn & Y ahr, 1967), which, although widely used
and simple to administer, has been criticized as insensitive. Goetz
and colleagues (2004) reported that the scale is heavily weighted
toward postural instability, leaving other important components of
PD unassessed; furthermore, with only five scale options, a large
range of impairment severity is collapsed together. The Movement
Disorders Society-sponsored revision of the Unified Parkinson’s
disease Rating Scale (MDS-UPDRS) has been recommended as a
more sensitive measure (Goetz et al., 2008). The Gray and Tickle-
Degnen meta-analysis also indicated that the variability in emotion
perception in PD was not due to a broader inability to extract
information other than emotion from faces, as recognition of
unfamiliar face identities was intact. Most studies in the meta-
analysis measured this ability with the Benton Facial Recognition
Test (BFRT; Benton, Sivan, Hamsher, Varney, & Spreen, 1994).
However, the BFRT has been shown to be an insensitive measure
of face-identity-processing skill, and sensitive only to large deficits
(Duchaine & Weidenfeld, 2003). The link between emotion per-
ception and the broader ability to extract information other than
emotion from faces using sensitive measures such as the Cam-
bridge Face Memory Test (CFMT; Duchaine & Nakayama, 2006),
has been relatively unexplored in PD.

The determinants of impaired perception of facial expression of
emotion in a disorder of movement are not well understood. The
theory of embodied simulation of emotion perception, which states
that perceiving emotions of others is facilitated by overtly or
covertly simulating the observed behavior (see Goldman & Sri-
pada, 2005, for areview), suggests one potential determinant of the
impairment seen in PD. In line with covert embodied simulation
theories, it might be that motor systems with mirror-like properties
that are responsible for control of facial musculature simulation of
observed expressions are compromised by the neurodegenerative
processes of PD, thereby contributing to reduced facial muscula-
ture control (i.e., facial masking) and impaired perception of
emotional expressions. A link between voluntary control of facial
musculature and perception of emotional expressions in PD will
provide support for this simulationist account of emotion percep-
tion in PD.

Studies on perception of facial expression of emotion have
typicaly been investigations of the ability to discriminate emo-
tional expressions (by judging whether two or more stimuli ex-

press the same or a different emotion) or the ability to recognize
emotional expressions (by selecting from a list the emotion word
that best fits the presented expression). Most previous researchers
on perception of facial expressions of emotion in PD have mea-
sured the ability to recognize emotional expressions. Some studies
(Ariatti et al., 2008; Jacobs, Shuren, Bowers, & Heilman, 1995;
Pell & Leonard, 2005; Ventura et al., 2012) have measured the
ability to discriminate whether a series of expressions presented
simultaneously belong to similar or discrepant emotion-label cat-
egories. Most previous studies also only assess the ability to
perceive emotions that are expressed at full-blown intensity, when
in everyday life emotions are expressed with varying intensities. In
the current experiments, we studied basic perceptual abilities of
discriminating graded expressions of emotion with psychophysical
methods. Forced-choice psychophysical procedures offer objective
and sensitive measures of perceptual processes that are relatively
free from response criterion effects. In Experiment 1, we used
previously developed psychophysical measures of discriminating
graded intensities of emotional facial expressions from neutral
expressions and discriminating different intensities of the same
facial expressions of emotion (Marneweck, Loftus, & Hammond,
2013). In Experiment 2, we again used measures of discriminating
different intensities of the same emotional expressions, as well as
measures of |abeling full-blown emotional expressions, discrimi-
nating discrepant from similar expressions, and sensitive measures
of face identity perception. To test an embodied simulation ac-
count of emotion perception, we measured in both experiments the
relationship between continuous measures of the ability to volun-
tarily control facial musculature and the ability to discriminate and
recognize emotional facial expressionsin PD.

Method

Participants

Sixty-six participants (patient n = 34, control n = 32) were
tested in Experiment 1 and 49 (patient n = 25, control n = 24)
were tested in Experiment 2, approximately 1 year after Experi-
ment 1. Forty participants participated in both experiments (patient
n = 22, control n = 18) whereas 26 participants (patient n = 12,
control n = 14) were unique to Experiment 1 and nine participants
(patient n = 3, control n = 6) were unique to Experiment 2. Table
1 shows demographic and clinical characteristics of both groupsin
each experiment; groups were, in aggregate, well-matched for age
and scores on measures of genera cognitive functioning and
depressive symptoms. Peatients were diagnosed by a neurologist
and recruited from the Parkinson’s Centre (Nedlands, Western
Australia) research database and through Parkinson’'s Western
Australia newsletter advertisements. The Centre’'s Institutional
Ethics Committee approved the procedures and al participants
gave written informed consent.

Design

There were three testing sessions in Experiment 1 and two
testing sessions in Experiment 2, with all sessions separated by at
least 24 hr. In each of the two experiments, PD patients were tested
at the same time of the day in each of the testing sessions (~1 to
1.5 hr prior to their next medication intake) with the aim that
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Table 1

Demographic and Clinical Characteristics of Participant Groups in Experiment 1 (Control: n = 32; Patient: n = 34) and
Experiment 2 (Control: n = 24; Patient: n = 25) With Hedges' g Quantifying Group Differences

Experiment 1 Experiment 2

Demographic Control Patient g Control Patient g
Age (years) 66 (51-79) 66 (46-80) .28 67 (55-80) 67 (53-81) .00
Males (Females) 11(21) 20 (14) — 12 (12) 17 (8) —
Education (years) 15 (7-22) 12 (7-20) .56 16 (8-22) 12 (7-20) 49
MoCA 27 (21-30) 28 (22-30) .00 28 (25-30) 27 (15-30) .76
GDS 1(0-5) 2(0-13) .62 1(0-5) 2 (0-10) e
Y ears diagnosed — 5(1-19) — — 7 (1-20) —
MDS-UPDRS-II — 38 (10-56) — — 41 (19-56) —
LED — 788 (0—2046) — — 916 (0-2312) —

Note. All values (except number of males and females) are expressed as median (minimum-maximum range); MoCA = Montreal Cognitive Assessment,
score ranges from O (most severe) to 30, a score = 26 reflects normal cognitive functioning; GDS = Geriatric Depression Scale, score ranges from 0 to
15 (most severe), a score of 6 or more is suggestive of depression that should warrant thorough assessment; MDS-UPDRS-I1I = motor scale of Unified
Parkinson’ s Disease Rating Scale, score ranges from 0 to 132 (most severe disease state); LED = Daily Levodopa Dose Equivalent (Tomlinson et ., 2010).

“p < .05.

performance in each session would receive the same limited effect
from anti-Parkinson medication (however, Gray & Tickle-Degnen,
2010, reported no such effects). Control participants completed
each of the sessions at the same time of day. In each experiment,
patients were initially assessed for disease severity using the
MDS-UPDRS motor-severity subscale (Goetz et al., 2008). We
took measures of the ability to voluntarily control facial muscula-
ture (the Upper and Lower Face Apraxia Test; Bizzozero et a.,
2000), general cognitive functioning (Montreal Cognitive Assess-
ment, MoCA; Nasreddine et a., 2005), and depressive symptoms
(Geriatric Depression Scale, GDS; Sheikh & Y esavage, 1986). The
MoCA has been shown to be a sensitive measure of genera
cognitive functioning in PD, discriminating very well between no
cognitive impairment, mild cognitive impairment and dementia in
PD (Darymple-Alford et al., 2010; Nazem et al., 2009; Zadikoff et
al., 2008). The GDS has also been shown to be a sensitive measure
of depressive symptoms in PD (Weintraub, Oehlberg, Katz, &
Stern, 2006). In Experiment 1, we used psychophysical measures
of the ability to discriminate graded intensities of emotional from
neutral expressions and of the ability to discriminate graded inten-
sities of the same emotional expressions. In Experiment 2, we
again used the measure of discriminating graded intensities of the
same emotional expression (with an increased range in stimulus
levels to capture a wider range of sensitivities than in Experiment
1), measures of discriminating and recognizing expressions at
full-blown intensity, and the CFMT (Duchaine & Nakayama,
2006) to measure identity recognition. We a so included a psycho-
physical measure of the ability to extract information besides
emotion from faces, (i.e., the ability to discriminate differencesin
facia distinctiveness, defined as how much a face stands out in a
crowd, Bruce & Young, 2012, p. 274). This measure was matched
to the psychophysical measure of discriminating differences in
emotional intensities. Distinctiveness predicts identity recognition
(Bartlett, Hurry, & Thorley, 1984; Light, Kayra-Stuart, & Hol-
lander, 1979; Vokey & Read, 1992) and has been included as an
important dimension in “face-space” models of identity recogni-
tion (Busey, 1998; Vaentine, 1991). There were standardized
instructions for al measures.

Materials and Procedure

Psychophysical measures of discriminating facial expres-
sions of emotion of graded intensity. The ability to discrimi-
nate an emotiona from a neutral expression and to discriminate
between different intensities of expression of the same emotion
was measured in two tasks (with two variants of the second) using
a two-interval forced-choice procedure with the method of con-
stant stimuli, for each of four emotions, anger, disgust, happiness,
and sadness (Marneweck et al., 2013). On each trial, two faces of
the same model were presented successively on a computer screen
for 200 ms with a 200-ms blank interstimulus interval. Each of the
four emotions (NimStim Face Stimulus Set, Tottenham et a.,
2009), expressed by two models in Experiment 1 and four models
in Experiment 2, were graded in emotional intensity by morphing
full-blown expressions of each model with their neutral expression
(see Marneweck et a., 2013 for details).

In the task that required discrimination of a neutral from an
emotiona expression (Experiment 1), the face with the neutra
expression appeared randomly in either the first or the second
interval and a face expressing one of seven levels of intensity of
the tested emotion appeared in the other interval. The seven
intensity levels ranged from 5% to 35% of the full-blown expres-
sion in equally spaced increments. On each trial, participants
signaled the interval containing the emotional face by clicking
either the left or right button on a mouse for the first or second
interval, respectively. There were atotal of 280 trialswith 40 trials
for each intensity increment.

In the task that required discrimination between different inten-
sities of the same emotion (Experiments 1 and 2), each of two
faces expressing different intensities was randomly assigned to the
two intervals and participants signaled the interval containing the
face expressing the higher intensity by clicking either the left or
right mouse button for the first or second interval, respectively. In
Experiment 1, the two facial expressions varied in five intensity
steps from 5% to 25% in equaly spaced increments and two
variants of this task were run: one sampled emotional intensities
from a low-intensity range (from 10% to 50% of the full-blown
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expression) and the other from a high-intensity range (from 50% to
90% of the full-blown expression). In Experiment 2, the five
intensity steps varied in a multiplicative of 2 from 3% to 48% to
capture a wider range of sensitivity to expression of emotion.
Intensities were sampled from a midintensity range (from 22% to
76% of the full-blown expression). The intensity pairs used to
define each intensity difference for each of the experiments are
shown in Supplementary Table 1. For Experiment 1, there were
200 trials, giving 40 trias for each intensity difference. For Ex-
periment 2, with an increase to four models expressing the varying
intensities of emotional expressions, there were 240 trials with 48
trials for each intensity difference.

All measures were repeated for each of four emotions: anger,
disgust, happiness, and sadness, with breaks between each. Pre-
sentation of the two psychophysical measures in Experiment 1 was
counterbalanced and the presentation of the four emotions fol-
lowed a Latin square sequence in both experiments.

Psychophysical measures of discriminating graded differ-
ences in facial distinctiveness. The ability to discriminate
graded differences in facial distinctiveness was measured using a
two-interval forced-choice task with the method of constant stim-
uli. The stimulus duration, interstimulus interval, stimulus size,
and viewing distance were identical to those in the psychophysical
measures of emotion discrimination. The measure was also piloted
to be of equal difficulty to psychophysical measures of emotion
discrimination for control participants. To create a set of faces that
varied in distinctiveness, we had 62 participants rate the distinctive-
ness of each of 10 Caucasian faces (with neutrd expressions; Tottenham
et a., 2009). Participants were asked to rate the distinctiveness of
each face on a 9-point Likert scale (1 = average, typical looking,
would not stand out in a crowd to 9 = very distinctive, would stand
out very much in a crowd). Two male and two female models with
the highest mean rating of distinctiveness were selected and
morphed using standard morphing procedures, with an average
face of the same sex (created by morphing 26 faces of males and
females, respectively; Rhodes et a., 2011), creating a set of faces
that varied in distinctiveness from an average, typical face to a
very distinctive face.

On each tria of the measure of discriminating differences in
facia distinctiveness, two faces that varied in distinctiveness were
randomly assigned to one of two intervals. The two faces varied in
five distinctiveness steps, 30, 40, 60, 90, and 120%. Participants
were asked to indicate which interval contained the more distinc-
tive face by clicking the left or right mouse button for the first or
second observation interval, respectively. Supplementary Table 2
shows the stimulus pairs that defined each distinctiveness differ-
ence. The pairs were presented in randomized blocks of 60 trids:
three definitions for each of five differences in distinctiveness
expressed by four models. There were four blocksfor atotal of 240
trials, giving 48 trials for each distinctiveness difference.

Discriminating discrepant from similar expressions of full-
blown intensity. The ability to discriminate the discrepant emo-
tional facial expression from two expressions of the same emotion
was measured in a three-alternative forced-choice measure (Pal-
ermo, O’ Connor, Davis, Irons, & McKone, 2013). On each trial,
three faces, two expressing the same emotion and the third ex-
pressing a discrepant emotion, were presented simultaneously and
side by side for 4,500 ms. Participants signaled which of the three
faces expressed the discrepant emotion by pressing the 1, 2, or 3

key to identify its location. Keypad responses were recorded
during the 4,500-ms presentation of the faces and up to 7,000 ms
after the faces were erased. A total of 100 target faces (Karolinska
Directed Emotional Faces database, Lundqvist, Flykt, & Ohman,
1998) expressed anger, disgust, sadness, happiness, fear, and sur-
prise at full-blown emotional intensity.

Verbally labeling emotional expressions at full-blown
intensity. The ability to verbally label afacial expression from a
list of basic emotions, anger, disgust, fear, happy, sad, and sur-
prise, was measured in a six-aternative forced-choice measure
(Pdlermo et a., 2013). On each trial, a target face expressing one
of six full-blown emotional expressions was presented for 600 ms.
A total of 144 target faces (Lundqvist et al., 1998) were selected,
with 24 from each emotion category. On each trial, participants
were required to say out loud the appropriate label from the six
options provided. Verba responses were recorded during the
600-ms presentation period and for a further 10,000 ms, during
which the six emotion labels remained across the bottom of the
screen.

Learning and recognizing unfamiliar faces. For the CFMT
(Duchaine & Nakayama, 2006), participants recognized images
of six target faces in three stages. In the first stage, each of the
six target faces was presented as a separate item, each appearing
for 3,000 ms at three viewing angles, after which participants
were required to identify the target face from two distractor
faces. Participants were asked to identify the target face with
novel lighting and viewing angles in stage two and colored
noise added to the images in stage three. A total possible score
of 72 is obtained by summing the number of correct items
across the three stages.

Voluntarily controlling facial musculature. A modification
of the Upper and Lower Face Apraxia Test (Bizzozero et al.,
2000) required participants to make movements of the upper
(nine items) and lower (29 items) faces that do not necessarily
convey emotion. Upper facial movements comprised forehead,
eye, and nose movements and lower facial movements com-
prised cheek and mouth movements. Some items required se-
guential movements. All items required visual input; some
items required auditory and visual input to reproduce the move-
ment (e.g., whistling). In the original test, the examiner dem-
onstrated each item, and the participant’s response followed
immediately thereafter. For the purposes of standardization in
our experiments, the instructions and demonstrations of each
item were recorded in a short video clip and watched by all
participants, whose responses were filmed for scoring. Partici-
pants attempted to reproduce the intensity and duration of each
demonstration movement as accurately as possible. Two inde-
pendent raters, one blind to the experiment, scored the accuracy
of each reproduction as a pass (given a score of 1) or fail (given
ascore of 0). Initial observations of typical errors committed by
both groups led to a reclassification of errors. An item was
scored as an error in voluntary control of facial musculature if
(a) the reproduction was preceded by a pause, during which
unsolicited movements might have been present; (b) there was
a loss of individuation (i.e.,, the instructed movement was
executed, but was unfocused and accompanied by uninstructed
movement that was intermittently or continuously present, or by
an increase in the number of elements in a sequential move-
ment); (c) the reproduction was executed but impoverished,
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either by reduction of amplitude of movement or by reduction
in the number of elements of a sequential movement; (d) there
was no movement at all; or (e) there was a content error, such
that reproductions resembled the demonstrated movement, but
were incorrect in their content, for example, placing tongue in
cheek when asked to puff out the cheek.

Data Analysis

For the psychophysical measures of discrimination of emotional
expressions and facia digtinctiveness, accuracy was defined as the
percent correct at each stimulus level. For Experiment 1, functions
were not fitted to cal culate absol ute thresholds and slope because few
participants reached asymptote as a result of range limitation in the
congtant stimuli. Although absolute thresholds and dopes were de-
rived from functions fitted to data in Experiment 2, we chose to not
report these for consistency between experiments. We used the mean
percent scores across stimulus levels to quantify group difference on
the psychophysica measures of emotion discrimination and distinc-
tiveness discrimination. To limit underestimating group differences
we excluded performance at the lowest constant-stimulus level, which
was usudly around chance performance. Accuracy was defined as
mean percent correct scores for measures of discriminating discrepant
from similar expressions, verbaly labeling expressions, recognizing
unfamiliar face identities, and voluntarily controlling facial muscula-
ture (means of two raters percentage of error scores; Cronbach's
alpha was deemed acceptable (Nunnaly, 1978) a .98 and .97 for
Experiment 1 and Experiment 2).

As suggested by Cumming, Fidler, Kalinowsky, and Lai (2012)
in their paper on statistical recommendations for the American
Psychological Association, we report measures of effect size
(Hedges' g) to quantify overal differences between control and
patient groups. In addition to calculating overal differences be-
tween control and patient groups, we also compared control per-
formance with patient performance, which, based on ranking their
MDS-UPDRS-11 motor scores that indicate overall motor disease
severity, were allocated to one of two bands of disease severity:
low (with scores ranging from O to 30; Experiment 1 n = 10;
Experiment 2 n = 8) and high (with scores greater than 30;
Experiment 1 n = 24; Experiment 2 n = 17). Also as recom-
mended by Cumming et al. (2012), we report Pearson correlation
coefficients with 95% confidence intervals (Cl) to quantify asso-
ciations between measures; Cls that do not include zero indicate a
statistically significant association, where Cls that include zero
indicate that the association is not statistically significant. Partial
correlations are reported, removing the variance that is shared with
disease severity (UPDRS-I1I motor score) and age (in years) when
these variables correlated with each of the variables entered into
the correlation. In Experiment 2, in which more than one indepen-
dent variable (e.g., voluntary control of facia musculature, dis-
tinctiveness discrimination, CFMT accuracy) was correlated with
the dependent variable, we adjusted for Type | error by dividing
the p value of .05 by the number of independent variablesthat were
correlated with the dependent variable. There were no significant
correlations between general cognitive functioning, depressive
symptoms, sex, or years of education and (a) measures of emaotion
perception, (b) measures of discriminating and identifying facial
identity, and (c) measures of voluntary control of facial muscula-
ture (see Supplementary Table 3).

Results

Experiment 1

Impairment in PD in discriminating graded intensities of
emotional expressions. Figure 1A shows that the mean accuracy
for each group increased with increasing differentiation of the
expression from the neutral face for each of the four emotions, and
with increasing intensity differentiation of the emotional expres-
sions for both intensity ranges. The figure aso shows that the
patient group performed more poorly than controls on all measures
and that the group difference increased with stimulus separation.
Table 2 shows that effect sizes of the group differences were larger
than .8, and thus large by conventional standards. Despite the
overal large group differences, the box-and-whisker plots (Figure
1B, show that some patients performed as well as some of the
best-performing controls. As Table 3 shows, we found that the
effect sizes were substantially greater when comparing control
performance with those patients in the high-severity band than
those in the low-severity band.

The link between the ability to discriminate emotional ex-
pressions and the ability to voluntarily control facial muscu-
laturein PD. The box-and-whisker plots in Figure 2 show that
the patient group performed more poorly in the Face Apraxia Test
than the control group (g = .83), with individua variation in
performance in both groups (but more so in the patient group).
Errors by PD patients were mostly due to impoverishment of facial
movement (49%) followed by individuation loss (40%), whereas
errors by controls were mostly due to individuation loss (63%)
followed by impoverishment (24%), indicating a shift toward
impoverishment with the additional burden of PD. There was a
strong, positive, and significant correlation in patient performance
on psychophysical measures of emotion discrimination (meanr =
.87, 95% CI [.75, .93], p < .05). Aggregate accuracy from all
emotion discrimination measures correlated negatively, highly,
and significantly with the total percent of errors on the Face
Apraxia Test (r = —.73, 95% CI [—.86, —.52], p < .05). After
partialing out common variance of disease severity (UPDRS-
motor score) and age (in years) with voluntary control of facia
musculature and emotion-discrimination accuracy, the correlation
coefficient was negative, moderate, and significant (partial
r = —.52,95% Cl [-.73, —.22], p < .05).

Experiment 2

Impairment in PD in discriminating graded intensities of
emotional facial expressions. Figure 3 shows that, asin Exper-
iment 1, accuracy increased with increasing intensity differentia-
tion for each group. The patient group again performed more
poorly than control group, with the group difference increasing
with stimulus separation, and with some patients performing as
well as some of the best-performing controls. Effect sizes of group
differences in accuracy were large for al emotions (anger, g =
1.74; disgust, g = 1.64; happiness, g = 1.35; sadness, g = 1.35).
We again found substantially greater effect sizes in the high-
severity subgroup (n = 17, g = 2.24) than the low-severity
subgroup (n = 8, g = 1.35).

For the 40 participants who completed both experiments
(patient n = 22, control n = 18), there was a positive, strong,
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Figure 1. Panel A showing mean percent correct scores (= 1 standard error) for patient (open circles) and
control (closed circles) groups when discriminating emotion from neutral (left column) and when discriminating
different emotional intensitiesin alow- (middle column) and high-intensity range (right column) in Experiment
1. Panel B showing box-and-whisker plots of mean percent correct scores for patient (clear) and control (dark)
groups when discriminating emotions (of 10% to 35% emotional intensity) from neutral expressions (left) and
when discriminating differences of 10% to 25% intensities of the same emotional expressions within a low-
(middle) and high-intensity range (right). Results are shown for each of the four emotions presented, anger,

disgust, happiness, and sadness.

and significant correlation between the measures of discrimi-
nating emotional expressions from the two experiments (r =
.87,95% CI [.77, .93], p < .05), illustrating the reliability of the
measures. The effect sizes that quantified group differences on
emotion-discrimination measures for those participants who
completed both experiments were identical in each experiment
(both g’'s = 1.79).

Impairment in PD in discriminating discrepant from similar
expressions and in verbally labeling expressions. Figure 4
shows two features of interest that are similar to the emotion
discrimination results from each experiment. First, patients per-
formed more poorly than controls when discriminating discrepant
from similar expressions (g = .92) and when verbally labeling
emotions (g = .96). Second, both groups showed variability in

each of the measures, with generally more variability in the patient
group, and with some patients performing as well, or aimost as
well, as the best-performing controls. Effect sizes were again
substantially greater when comparing control performance with
performance in the high- than low-severity subgroup when dis-
criminating discrepant from similar expressions (low-severity: g =
.13; high-severity: g = 1.71) and when verbally labeling expres-
sions (low-severity: g = .29; high-severity: g = 1.51).

The link between measures of discriminating and recogniz-
ing emotional expressionsin PD. There were positive, moder-
ate to strong, and significant correlations in patient performance
between measures of discriminating differences in intensity of the
same emotional expressions, discriminating discrepant from sim-
ilar expressions, and verbally labeling emotional expressions
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Table 2

Effect Sze Measures (Hedges G) of Group Differences Between
Patient and Control Groups on Mean Percent Scores When
Discriminating Emotional Expressions (Across 10-35%
Emotional Intensity) From Neutral Expressions and When
Discriminating 10—25% Differences in Intensity of the Same
Emotional Expressions in a Low- and High-Intensity Range in
Experiment 1 (Control: n = 32; Patient: n = 34)

Emotion Anger Disgust Happiness Sadness
Emotion from neutral 0.88 0.96 135 1.05
Different intensities (low range)  1.22 114 1.43 124
Different intensities (high range)  1.65 1.48 132 1.02

(meanr = .67, 95% CI [.37, .84], p < .05). To limit the number
of comparisons made, we use the aggregate accuracy from al
measures of emotion discrimination and recognition in the corre-
lational analyses with measures of discriminating distinctiveness,
recognizing facial identity, and voluntary control of facial muscu-
lature.

Thelink between discriminating and recognizing emotional
expressions and discriminating facial distinctiveness and rec-
ognizing unfamiliar facial identitiesin PD. Figure 5 showsthat
on average, patients performed more poorly than controls when
discriminating differences in facia distinctiveness; similar to the
group differences on discrimination of emotional expressions, the
effect size of group differences in accuracy was large (g = 1.44).
The same pattern, poorer average performance in the patient than
control group, was seen in accuracy on the CFMT (patient: M =
55, D = 10; controls: M = 67, SD = 13, g = .98). After
removing the common variance shared with disease severity and
age, there was a positive, moderate to strong, and significant
correlation between aggregate accuracy from measures of emotion
discrimination and recognition and the measure of discriminating
differences in facia distinctiveness (partial r = .67, 95% CI [.37,
.84], p < .016), but there was no significant correlation with

Table 3

Effect Sze Measures (Hedges G) of Group Differences Between
Control Groups and PD Severity Bands (Lower and Higher) on
Mean Percent Scores When Discriminating Emotional
Expressions (Across 10—-35% Emotional Intensity) From Neutral
Expressions and When Discriminating 10—25% Differences in
Intensity of the Same Emotional Expressions in a Low- and
High-Intensity Range in Experiment 1

Severity band Low High
Emotion from neutral .50 201
Different intensities (low) .65 2.04
Different intensities (high) .76 214
Note. UPDRS-II = Unified Parkinson’s Disease Rating Scale. The

lower severity band included participants (n = 10) whose UPDRS-II
scores ranged from 0—30. The higher severity band included those (n = 24)
whose scores ranged from 30 and beyond.
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Figure2. Box-and-whisker plots showing percent error scores for patient
(clear) and control (dark) groups when voluntarily controlling facial mus-
culature in the Upper and Lower Face Apraxia Test (Bizzozero et a., 2000)
in Experiment 1.

recognizing unfamiliar facia identity in the CFMT (partia r =
.11, 95% CI [—.30, .48], p > .016).

The link between discriminating and recognizing emotional
expressions and voluntarily controlling facial musculature in
PD. Asin Experiment 1, the patient group (M = 39, SD = 14)
showed higher mean percent errors than the control group (M =
25, SD = 12) on the Face Apraxia Test (g = 1.05). There was
again a shift in PD toward impoverishment of facial movement,
indicating that patient errors were mostly due to impoverishment
(48%), followed by individuation loss (42%), whereas errors by
controls were mostly due to individuation loss (54%) followed by
impoverishment (31%). After partialing out disease severity and
age, there was a negative, moderate, and significant correlation
between voluntary control of facial musculature and aggregate
accuracy from emotion discrimination and recognition measures
(partial r = —.59, 95% CI [—.80, —.26], p < .016). After remov-
ing disease severity and age, there was no significant partia
correlation between voluntary control of facial musculature and
mean percent score in the measure of discriminating facial distinc-
tiveness (partial r = —.26, 95% CI [—.59, .15], p > .025) and
recognizing facial identity (partial r = —.20, 95% CI [—.55, .33],
p > .025).

The link between disease severity and discriminating and
recognizing emational expressions after removing the variance
shared with general cognitive functioning, depressive symp-
toms, age, and years since diagnosis.  In both experiments, we
found that impaired perception of emotional expressions in PD
was a function of disease severity. We considered the possibility
that larger impairment in the high- than low-severity bands on
measures of emotion discrimination and recognition were due to
an increase in genera cognitive functioning impairment, age, or
depressive symptoms in the high-severity band. To do this, we
correlated disease severity with measures of emotion discrimina-
tion and recognition in PD after removing the variance shared with
general cognitive functioning, depressive symptoms, age, and
years since diagnosis in each of the two experiments. Disease
severity correlated negatively, moderately, and significantly with
measures of emotion discrimination in Experiment 1 (partial
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Figure 3. Panel A showing mean percent correct scores (+ standard
error) for patient (open circles) and control (closed circles) groups when
discriminating different intensities of the same expressions in a midinten-
sity range in Experiment 2. Box-and-whisker plots in Panel B. showing
mean percent correct scores for patient (clear) and control (dark) groups
when discriminating intensity differences of 6% to 48%. Results are shown
for each of the four emotions presented, anger, disgust, happiness, and
sadness.

r = —.49, 95% CI [-.71, —.18], p < .05) and with measures of
emation discrimination and recognition in Experiment 2 (partia
r = —.50,95% Cl [-.75, —.13], p < .05), even after removing the
variance shared with age, general cognitive functioning, depres-
sive symptoms, and years since diagnosis.

Discussion

The two experiments show impaired discrimination of emo-
tional expressions of graded intensity and impaired discrimination
and recognition of full-blown emotional expressions in those with
PD. There were large group differences between patient and con-
trol groups on all measures, with the relative emotion-perception
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Figure 4. Box-and-whisker plots showing mean percent correct scores
for patient (clear) and control (dark) groups when discriminating discrepant
from two similar emotional expressions (panel A) and when verbally
labeling six basic expressions of emotion (panel B) in Experiment 2.

impairment shown to be a function of disease severity that had
little to no correlation with general cognitive functioning, depres-
sive symptoms, sex, or number of years of education. The second
experiment also showed impaired discrimination of distinctiveness
and impaired recognition of identity from faces in PD which
showed that distinctiveness discrimination, but not identity recog-
nition, correlated with measures of emotion perception after re-
moving the effect of disease severity and age. Both experiments
showed that, after removing disease severity and age, the ability to
voluntarily control facial musculature correlated with the ability to
perceive emotional information from faces, but not with the ability
to perceive nonemotional information from faces.

The impairment in PD in extracting emotional content from
faces is not exclusive to full-blown expressions of emotion, as
shown in the mgjority of previous research (Gray & Tickle-
Degnen, 2010) and replicated in the current findings, but is also
evident in discriminating emotional facial expressions at submaxi-
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Figure5. Mean percent correct scores (= 1 standard error) and box-and-
whisker inserts for patient (open circles/clear) and control (closed circles/
dark) groups when discriminating 40% to 120% differences in facia
distinctiveness in Experiment 2.
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mal intensities. Impaired verbal labeling of submaximal intensities
of emotional expressionsin PD was recently shown by Buxton et
al. (2013) and previously by Assognaet a. (2010) and Dujardin et
al. (2004). The impairment in both discrimination and recognition
of emotional expressions shown, in which psychophysical discrim-
ination measures do not place an added demand on verba pro-
cesses, suggests a cascade of lower-to-higher order impairment in
perception of facial expression of emotion in PD. Unlike the
meta-analysis (Gray & Tickle-Degnen, 2010), which showed no
relationship between emotion recognition and disease severity as
measured by the Hoehn and Y ahr staging scale (1967) , we found
performance in the patient group to be a function of disease
severity as measured by the MDS-UPDRS; effect sizes were
substantially greater when comparing controls with patients in a
high-severity than in a low-severity subgroup. The link between
disease severity and perception of emotion in PD was maintained
even after removing the variance shared with cognitive function-
ing, age, depressive symptoms, and years since diagnosis. It is
likely that the insensitivity of the Hoehn and Y ahr (Goetz et al.,
2004) obscured the link between disease severity and emotion
perception in previous research. Similarly, unlike findings in the
meta-analysis that indicated patients were not impaired in identity
recognition, our data show impaired discrimination and recogni-
tion of facial identity in PD. The null findings by Gray and
Tickle-Degnen (2010) are likely due to insensitive measures of
identity recognition (Duchaine & Weidenfeld, 2003).

The link between voluntary control of facial musculature and
emotion perception, but not with identity perception, is consistent
with the embodied simulationist account that simulation of an
observed facial expression of emotion contributes to perception of
that expression of emotion. According to embodied simulationist
accounts of emotion perception, the link between voluntary control
of facial musculature and perception of emotiona expressions in
PD is mediated by simulation of observed expressions, which
facilitates inference of emotional states of others. The process by
which simulation occurs might be overt, covert, or both (see
Goldman & Sripada, 2005). Interpretations of the link between
voluntary control of facial musculature and perception of emo-
tional expressions in PD from an overt simulationist perspective
will differ from that of a covert simulationist perspective. Accord-
ing to the overt account of embodied simulation in emotion per-
ception, PD patients with impaired voluntary control of facia
musculature will be unable to physically simulate or mimic the
expressions of others, thereby contributing to impaired perception
of emotional expressionsin PD. According to the covert account of
embodied simulation, motor systems with mirror-like properties
that are engaged by voluntary control of facial musculature and
simulation of observed expressions are disrupted by the neurode-
generative processes in PD, thereby impairing both perception of
emotional expressions and facial musculature control. The present
data do not rule out either a covert or an overt account of embodied
simulation, as we did not measure the process of simulation
directly. However, data from others (Adolphs, Damasio, Tranel,
Cooper, & Damasio, 2000; Anders et a., 2012; Calder, Keane,
Cole, Campbell, & Young, 2000; Carr, lacobini, Dubeau, Mazzi-
otta, & Lenzi, 2003; Damasio, 1994; Hess & Blairy, 2001; Keillor,
Barrett, Crucian, Kortenkamp, & Heilman, 2002; Wicker et d.,
2003) have suggested that this simulation islikely acovert process.
Evidence has been reported for a human mirror-neuron system in

healthy individuals in the ventrolateral premotor cortex and pars
opercularis of the inferior frontal gyrus, which is activated during
facial musculature control in producing emotional facial expres-
sions, aswell as during recognition of facial expression of emotion
(Carr et ., 2003; Wicker et a., 2003). Support for a covert
embodied simulationist account comes from Anders et a. (2012)
who found that Parkin mutation carriers (who show mild reduction
of dopamine metabolism in the basal ganglia in the absence of
clinical motor signs) were, as a group, slightly impaired relative to
controls in emotion recognition; carriers who were least impaired
showed the strongest ventrolateral premotor cortex activity, con-
sistent with an embodied simulationist hypothesis that compensa-
tory activity in premotor cortex reduced the impairment. In addi-
tion, overt facial mimicry seems unlikely when discriminating
facial expressions of emotions at the brief presentation durations
(200 ms) in the psychophysical measures. Furthermore, there is
accumulating evidence that physical mimicry of the expressions of
others is not critical for intact emotion recognition in those with
congenital facial muscular paralysis (Calder et a., 2000; Keillor et
al., 2002) and in healthy observers (Hess & Blairy, 2001). There-
fore, in line with the covert embodied-simulation account, disrup-
tion of a motor system with simulation properties in PD might
partly explain their impaired perception of emotional expressions
and loss of facial expressivity. As a limitation, the correlations
between voluntary facial musculature control and emotion percep-
tion we reported were an indirect examination of the covert
embodied-simulation account. Given that we did not manipulate
covert simulation as a more direct approach, these findings do not
provide strong definitive evidence for the covert embodied simu-
lationist account. That this simulation is a covert process is spec-
ulative, given our present data. However, with evidence against
overt simulation (Calder et al., 2000; Hess & Blairy, 2001; Keillor
et a., 2002) and evidence that supports covert simulation (Anders
eta., 2012; Carr et al., 2003; Wicker et a., 2003), we interpret that
the link between voluntary facial musculature control and emotion
perception is mediated by covert simulation, a system that is
disrupted by neurodegenerative processesin PD, thereby impairing
facial expressivity and emotion perception. The association of
emotion production and recognition in PD reported by others
(Benke, Bosch, & Andrew, 1998; Borod et ., 1990; Jacobs et al.,
1995) might be mediated, at least to some extent, by the same
sensorimotor neura circuitry that allows the inference of emotion
from facial expressions. That facial distinctiveness discrimination
was unrelated to voluntary control of facial musculature in PD
suggests that the link between emotion discrimination and volun-
tary control of facia musculature was not mediated by a more
general impairment in visualy extracting any information from
faces.

The link between the measures of emotion perception and
distinctiveness discrimination suggest that visua sensory pro-
cesses also contribute to impaired emotion perception in PD. The
view that a broader underlying inability to extract visual informa-
tion from faces impairs emotion perception in PD has also been
supported by the correlation between emotion recognition and the
ability to discriminate spatial differencesin facial features (Narme
et a., 2011) and by reports of abnormal visual scanning patterns
during emotion recognition (Clark et a., 2010) in PD. Such alink
between extracting visual information from faces and emotion
recognition is inconsistent with the dominant theory of face per-
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ception (Bruce & Y oung, 1986), which makes a division between
recognition of emotional and nonemotional information on faces;
a neuroanatomical division of these processes has aso been pro-
posed (Haxby, Hoffman, & Gobbini, 2000). However, findings
from others (see Vuilleumier & Pourtois, 2007 for a review) have
led to the proposition for an interaction of identity and emotion
recognition in which both share perceptual encoding mechanisms
that enable recognition. Our data suggest an interaction of identity-
and emotion-perception processes, as evidenced by the link be-
tween distinctiveness discrimination and emotion perception; both
might be impaired by a broader underlying visua impairment in
PD (Archibald, Clarke, Mosimann, & Burn, 2009, for a review).
Our data also suggest bifurcation of these processes, as evidenced
by the link between voluntary facial musculature control and
emotion perception, but not with identity, and by little or no
correlation between identity recognition (CFMT performance) and
emotion perception. Therefore, it appears that sensory and senso-
rimotor processes are impaired in PD and that both contribute to
deficits in visualy deciphering emotional content from faces.

Together, the results of these experiments show impairment in
PD in lower and higher order abilities of perception of facia
expressions of emotion as a function of disease severity. Although
we show that this impairment in emotion discrimination and rec-
ognition is unrelated to general cognitive functioning, we cannot
determine the role of decline in specific cognitive functions in
impaired emotional expression perception in PD. Our results sup-
port the likelihood of a multifactorial contribution to impaired
perception of emotional expressions in PD, which includes, but is
not necessarily limited to, disrupted sensory and sensorimotor
processes.
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