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Abstract

THE EFFECTS OF THE LEE SILVERMAN VOICE TREATMENT ON THE
FACIAL MOVEMENT OF PARKINSON’S DISEASE PATIENTS AND THERVAY

THEY ARE PERCEIVED BY OTHERS

by

Aleksey I. Dumer

Adviser: Professor Joan C. Borod, Ph.D.

Parkinson’s disease (PD) is characterized by impaired facial movemefitiatdat, as
previous studies suggest, leads others to attribute negative traits to PD patieensth&
associations between facial movement and vocal parameters, it was hypaothiesizhe Lee
Silverman Voice Treatment (LSVT; Ramig, Fox, & Sapir, 2004), an efficienevoéatment for
PD patients, would reduce parkinsonian facial movement deficits (Hypothaaid i¢sult in
more positive perceptions of PD patients’ personality and behavior (Hypothesis Il

Fifty six participants -- 16 LSVT patients with PD, 12 articulation trestt (ARTIC)
patients with PD, 17 untreated PD patients, and 11 demographically-matched cottials wi
PD -- produced monologues about happy emotional experiences on two occasions: Time 1 and
Time 2. LSVT and ARTIC were administered during a one-month period betweeavothe t

occasions. The monologue production task was adapted from the New York Emotion Battery



(NYEB; Borod, Obler, & Welkowitz, 1992). Healthy adult observers (n=110) ratedipants’
personality and behavior based on participants’ videorecorded facial movemeracidle
Action Coding System (FACS) was used to examine changes in the quantityriabdityeof
facial movement (AU LabilityA and AU VariabilityA, respectively) and complexity of facial
expression (AU Complexits).

The increase of LSVT patients on a canonical variate of AU Lali]iU Variability
A, and AU ComplexityA was significantly greater than that of ARTIC patients. Additional
analyses showed that this result was due to increases in AU Labdlitgd AU VariabilityA of
LSVT patients. The personalities of LSVT patients and non-PD controls atecesignificantly
more positively by observers viewing video clips recorded at Time 2, retatthese recorded
at Time 1. Changes in the examined facial movement parameters of LSVT ptients
mediate changes in observers’ ratings of those patients.

These findings suggest that LSVT reduces facial movement defiétS and possibly
results in a more positive perception of LSVT patients’ personalities. tResealdiscussed in
the context of studies showing the psychosocial impact of PD patients’ communicabtems

and preliminary evidence regarding the mechanisms underlying LSYé&tt.e
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Introduction

To familiarize the reader with current knowledge about facial movemenits@ii®D, a
review of relevant findings is presented. Part | describes the negativeewenses of
disordered facial communication in PD, showing that these deficits have a nagatet on
the perceptions of PD patients by others and thus need to be treated. To examine how facia
communication deficits manifest in PD, Part Il reviews research on the rditparkinsonian
deficits in spontaneous and posed facial communication. Part Il discusses tineegii@ving
that LSVT, a treatment designed to alleviate voice deficits in PD, alsbdastential to reduce

PD impairments in facial communication.

l. Social Consequences of Disordered Facial Communication in PD

Patients with Parkinson’s disease (PD) demonstrate a variety of inepdsrexpressing
themselves through the face and voice. The negative effect that theds tiafiei on the way
PD patients are perceived has long been documented. The fact that even an eglperienc
clinician may initially perceive a PD patient to be aloof or hostile was ngtddbinrad-Krohn
(1957) more than half a century ago.

The first studies to demonstrate that these clinical impressions pastyainon-verbal
communication cues were carried out by Pentland and colleagues. Pentlanth, Btesi, and
Riddle (1987) showed that after viewing silent videotapes of conversations by RBrdiad
ischemia patients, both students and experienced healthcare professionals,evblond/én
patient status, perceived PD patients as more anxious, tense, hostile, suspidianbappy
than cardiac patients. PD patients were also seen as more introvertedes@assive, and less
intelligent. The substantial difference in the way the two patient groupsperreived stood in

stark contrast to the similarity of their scores on self-administereduresaof mood,



personality, and intelligence. Another study showed that despite having been trained t
understand non-verbal communication, speech therapy students were subject t@ thesam
(Pentland, Gray, Riddle & Pitcairn, 1988).

These findings raised the question of which non-verbal cues distinguish PDgfatent
healthy adults and contribute to the negative impression of this patient population. tithe ini
study (e.g., Pitcairn, Clemie, Gray, & Pentland, 1990) to explore this issue eohwdgotapes
of PD patients and a clinical control group with regard to the frequency of variowerixai-
cues. The PD patients demonstrated decreased frequency of various communication cues
including several kinds of gestures (e.g., “demonstratives” -- gestureatindisize or
distance), postural shifts, and eye movements (i.e., looking away). However, hbeause
perceptions of PD patients by observers were not assessed in the samewasiynilear
whether these group differences in communication behaviors contributed to the naigative
documented in the earlier study (Pentland et al., 1987), in how PD patients are pergeived b
other people. Thus, these initial findings did not clarify what, if any, role the observed
differences in communication behaviors played in how PD patients were pdrbgio¢hers.
Also, because the videotapes of PD patients in these early studies weré¢halebservers did
not have access to the information that they would obtain in a conversation with a PD patient
Consequently, this line of research left open the possibility that verbal comtramigauld
diminish the negative impression PD patients made on clinicians.

Subsequent investigations (Lyons, Tickle-Degnen, Henry, & Cohn, 2004a; Lyons,
Tickle-Degnen, Henry, & Cohn, 2004b; Lyons, Tickle-Degnen, & DeGroat, 2005; Tickle-
Degnen & Lyons, 2004) have addressed these methodological limitations. These Isvdi

used a modified version of Brunswik’s (1955) lens model of interpersonal perception. The



modified model (see Figure 1) hypothesizes relationships among three conpatietd
personality, clinicians’ impression of patient personality, and behavioral &zording to this
model, the correlation between patients’ scores on a personality attribssesaseal by a self-
administered personality questionnaire and the presence of a behaviora.ctree(relative
frequency, intensity, or duration of a cue in the patients’ behavior) is a measoeevalidity of
this cue as an indicator of that attribute (this correlation is denqgft@d Tihe correlation
between the presence of a behavioral cue and observers’ (i.e., cliniciingy cd a personality
attribute in the patients indicates the degree to which the observers use thisale t
inferences about this attribute (denoted d3. “IFinally, the correlation between the observers’
ratings of a personality attribute and the patients’ scores on this attrilutessimate of the
accuracy with which the observers perceive this trait in patients (dendtet).asn contrast to
earlier studies, observers in these investigations not only saw but also hqzatiethis describe
their favorite activities or challenges of daily living.

Despite their drawbacks (e.g., reliance on self-report of personatibugs), the studies
by Tickle-Degnen and colleagues have enriched our knowledge regardbapstdseof
personality judgments about PD patients. For example, Lyons et al. (2004a) shdavaetbting
PD patients, there are accurate behavioral indicators for each of the bre@tapr dimensions
that comprise the validated five-factor model of personality (e.g., Saul&Rage, 2004):
openness to experience, conscientiousness, extraversion, agreeableness, acidmeuroti
addition, the cues used for personality judgments by both novice and expert clinierans w
facial (e.g., brow furrowing) and vocal (e.g., vocal legibility), and theiditglvaried depending
on the personality trait that was being judged. Though expert clinicians -e yuaggnents

were invariably more accurate than those of novice clinicians (Tickle-Degyhgons, 2004) --



estimated patients’ openness to experience, conscientiousness, and agiseeaitleneoderate
accuracy, all clinicians’ judgments of neuroticism and extraversion hiadolitho relationship to
patients’ performance on a validated personality questionnaire (Lyons20@db, 2005;
Tickle-Degnen & Lyons, 2004). In contrast to openness and conscientiousness, juadgments
neuroticism and extraversion by both novice and expert clinicians were based owtiné¢ @m
facial masking they observed. Specifically, patients with decreasedl faability were deemed
to be less extroverted and more neurotic. Importantly, it is clear thaffitndisgs are consistent
with the earlier findings by Pentland and colleagues (Pentland et al., 1988sbexost of the
personality and behavior characteristics that were perceived to dishrfgD patients from
control patients in this earlier study are closely related to neurot{eigm anxious, tense).
Moreover, Pentland et al. also found that PD patients were perceived to be nowestied.

Notably, when reported (Lyons, Tickle-Degnen, Henry, & Cohn, 2004b), group means
and standard errors indicate that clinicians’ perceptions of neuroticism werelyot
uncorrelated with, but were also significantly higher than, PD participselfsitatings. Because
control groups were not included in these studies, it is not certain whether thisdéfesa
result of the negative bias with which individuals with PD, but not healthy adults,raesvee
by others. However, given the results of earlier studies in which contngbgwere included
(e.g., Pentland et al., 1987), this might be the case.

Taken together, these studies suggest that abnormalities in facial comtmnnic PD
have a negative impact on the quality of interaction between people with PD arsd Gthisr
situation may be remedied by educating medical staff and the friends atyddbpeople with
PD about these findings. Therapeutic interventions targeting the disturbamesli

communication would also be a promising approach. Before the potential for such irdassent



is discussed, studies elucidating the deficits in facial communication ind*DlljRand the

possible neural substrates (Part Ill) underlying these deficits wibbhsiadered.

Il. Parkinsonian Deficits in Facial Communication

Two types of facial communication. Early clinical observations formed the basis for
one of the most important insights into the nature of PD-related impairment ionttnel of
facial musculature (e.g., Monrad-Krohn, 1924). Specifically, clinicians havenloteg that PD
patients show a marked decrease in spontaneous expression of emotion on theirgdaees des
being able to produce facial expressions depicting an emotion (e.g., a facesston depicting
anger) when requestédindeed, the diminished spontaneous expressivity of the face, termed
“masked facies,” has long been recognized as one of the most reliable PD syrfid¢sh&
Taylor, 1966). This clinical presentation is the converse of facial expnedsificits observed in
patients who have sustained lesions to the somatotopic face representation mahgmotor
cortex (fPMC) or corticobulbar pathways emanating from that region (edividuals with
pseudobulbar palsy). Namely, these patients are often unable to move the muscles on the
contralateral side of the face to command, but display normal emotional expredgssms
spontaneously smiling or crying. Based on this and other evidence, it was bdiaved t
voluntary facial movements are dependent on pyramidal pathways originatimghie fPMC.

By contrast, involuntary facial movements occurring as part of a genuinessixpref emotion

1 In this dissertation, such facial expressions that are voluntarily produdeditb a
mental state that may not be experienced are termed “posed facial iexy;&4s contrast,
facial expressions that are involuntarily produced as a result of an iregpsalence are termed

“spontaneous facial expressions.”



were thought to rely on extrapyramidal pathways arising from premaas and subcortical
nuclei, including the basal ganglia (Monrad-Krohn, 1924; Rinn, 1984).

Similar to these early observations, subsequent studies investigating facia
communication deficits in PD have almost invariably examined these defidits aohtext of
the facial expressions of emotidbnQualifying early clinical insights, these studies have shown
that posed facial expressions, which are dependent on voluntary facial moveneesit) ar
affected in PD (e.g., Borod et al., 1990; Bowers et al., 2006a). Additionally, clini@aas h
documented voluntary facial palsy after damage restricted to extrapyalgmathways (Jox,
Bruning, Hamann, & Danek, 2004). Nevertheless, multiple instances of a voluntary and
emotional facial palsyreported in the literature convincingly demonstrate that despite a possible
overlap, the pathways for voluntary and involuntary facial communication are laigghct

(e.g., Hopf, Muller-Forell, & Hopf, 1992; Ross & Mathiesen, 1998; Weddell, 1994). In keeping

2 Notably, both spontaneous and posed facial communication does not always involve or
depict emotion. For example, brow elevation at the moments of emphasis in one’s speech (R
1984) and a facial expression depicting mental effort in the absence of suchrefiostances
of spontaneous and posed nonemotional facial communication, respectively.

3 An emotional facial palsy is an impairment in spontaneous expression of emetion (i
involuntary facial expressions of genuine, felt emotion) without significantitseth voluntary
facial movement; a voluntary facial palsy is an impairment of voluntarglfamvement without

significant deficits in spontaneous expression of emotion.



with this distinction, research findings regarding spontarfean posed facial expressions in
PD are discussed separately below.

Spontaneous facial expressions in PDSpontaneous facial expressions in PD have been
studied by examining silent videotapes of participants producing monologues about the
emotional experiences (Brozgold et al., 1998), participating in semi-structieedews about
their lives (e.g., Pitcairn et al., 1990), viewing affectively loaded métfer@z, Buck & Duffy,

1980), and smelling pleasant and unpleasant odors (e.g., Saku & Eligring, 1992). The findings t
date unequivocally support the early clinical observations of PD-related mgrds in

spontaneous facial expressions. An early study showed that videotaped nonveibabkrefct

PD patients to affectively loaded images were rated by observers agpesssive than the

reactions of age-matched controls to the same images (Buck & Duffy, 1888]dition, the
observers were less accurate at guessing the category of an éngagé-amiliar People”) that
evoked a given nonverbal reaction when viewing PD patients than controls. Howevere becaus
both facial and gestural expressions were videotaped, it was not clear whettperup

difference was due to parkinsonian impairments in facial movements, gestures, oGhean

that PD patients were not screened for depression, it is also possible daat ofstesulting

from parkinsonian impairments in facial movements, the group difference in p&tceiv

4 Adequate precautions (e.g., a hidden camera or cover story) were not takewowd rule
the influence of “social display rules” (Ekman & Friesen, 1969), social nomtetidg how
emotions should be expressed in social settings, in the studies of spontaneous fassilosspr
of emotion in PD. Therefore, it is possible that many of the facial expressiomgeabsethese
studies were not spontaneous. Nevertheless, for the sake of expediency, thpdetam&pus

facial expressions” will be used to describe these expressions.



expressivity was due to abnormal emotional reactions to slides in deprespatid?is. This
possibility is likely given the comorbidity of PD and depression (Cummings &eviasin,

1999), with some estimates of depression in PD being as high as 40% (Frisina, Borod, Foldi, &
Tennenbaum, 2008; Raskin, Borod, & Tweedy, 1990).

More convincing are results of subsequent studies that have controlled for ddterenc
depressive symptomatology, mood, or subjective reactions to the presented stinadntieD
and controls (Pitcairn et al., 1990; Simons, Ellgring, & Pasqualini, 2003; Simons, Pasquali
Reddy, & Wood, 2004; Smith, Smith, & Eligring, 1996). Two of these studies (Simons et al.,
2003; Smith et al., 1996) used the Facial Action Coding System (FACS; Ekman &nk-ries
1978). In this system, any facial activity is coded as a combination of one aal se#vet
possible facial actions (e.g., nose wrinkling), termed “action units” (AUs};hwdme thoroughly
described in the FACS manual (Ekman, Friesen, & Hager, 2002b). AUs that can be o#iserved
the same time are termed “AU configurations.” For example, if AUs 1, 2, amddbserved at
the same moment (e.g., on the same frame of a video clip), it is said that a atiofigofr AUS
1, 2, and 9 (denoted “AU 1+2+9”) was produced at that moment. Though some AUs cannot
occur together, number of possible AU configurations is extremely high. Funtessity of
most AUs is coded on a 5-point scale.

Studies using FACS have shown that spontaneous expressions of emotion in PD are
characterized by decreased facial mobility and decreased intensityficafgcthese studies
have demonstrated that PD patients produce AUs of reduced intensity as tleeipsmth et al.,
1996), fewer AUs in a given AU configuration (Simons et al., 2003), fewer chantpsaf

expression (Smith et al., 1996), and a lower number of smiles with a cheek naitbed{al.,



1996) which, in contrast to smiles without a cheek raise, usually occur during spontémgous
not posed, expressions of emotion (Ekman & Friesen, 1982).

Methods involving raters using subjective critét@score the quality of facial
communication in PD (e.qg., its perceived expressivity, number of “false”sm#eceived
amount of facial movement, etc.) have provided confirmatory support for the findingsedbtain
via FACS. Thus, in a recent study, PD patients were perceived to be less eghessnge-
matched controls (Simons et al., 2004$imilarly, the results of the FACS analysis showing
that individuals with PD, as compared to controls, display fewer smiles witrel chise
(Simons et al., 2003; Smith et al., 1996) were also corroborated by subjectiveiratirgjady
by Pitcairn and colleagues (Pitcairn et al., 1990). In this study, adult patesved PD

patients relative to controls to display a lower number of “happy” and a higher nahitese”

5 In contrast to the users of FACS and similar systems that code facial evavzased
on explicit criteria, scores given by naive raters reflect the holissialiidike perception of the
human face and are based on less well-defined criteria. For this reasonafrd&iilar
systems have been termed “objective” measures of studying facial matyevhereas the
human ratings are considered to be “subjective” assessments of faamalicmation.

6 Interestingly, the expressivity levels of PD patients fluctuatedndiepg on the
situational context (Simons et al., 2004). Thus, similar to controls, PD patients shgived hi
expressivity levels when talking to the stranger than when talking to theirespofso, their
expressivity levels while watching amusing videos with the experimesates higher than while
watching them with a spouse or alone. These findings are encouraging hreyhatiggest that
although the overall level of facial expressivity in PD is dampened, the potergightl

socially relevant factors may be preserved.
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smiles. As suggested by studies of smile perception (Frank, Ekman, & Friesen, a88dir;
Perron, Legault, & Campanella, 2002), the finding by Pitcairn et al. (1990) anagpond, in
more objective terms, to a lower number of smiles with a cheek raise and rarhigtieer of
smiles without a cheek raise in individuals with PD.

While the reasons for this finding are unknown, a plausible explanation is that after
becoming aware of their deficit in spontaneous facial expression in the couhsessf PD
patients learn to pose facial expressions whenever an emotional stateienerpgerin support
of this interpretation, the total number of smiles was similar across tlaaéBontrol participant
groups in all three studies (Pitcairn et al., 1990; Simons et al., 2003; Smith et al., 1996),
suggesting that posed facial expressions may function as a substitute for sporftamalous
expressions in PD. This interpretation implies that individuals with PD asasitpartly aware
of their deficit in facial mobility and contrasts with a recent finding Biatpatients rate their
facial expressivity as highly as controls (Simons et al., 2004). However, theld3e
Expressivity Questionnaire (Gross & John, 1995, 188d)Interaction Rating Scale (Simons et
al., 2004), the expressivity questionnaires administered by Simons et al., did nouiisting
between spontaneous and posed expressivity. Thus, it is possible that this finelots) e PD
patients’ belief that their compensation strategy is effective (i.ebelef that by posing facial
expressions, they achieve a normal expressivity level) rather than unawarfahegsdeficit in
spontaneous facial expressivity.

Further, it is likely that posed smiles contribute to the negative perceptiardivofiuals
with PD discussed earlier (see Part ) which implies that the compensatiiggy achieves the
opposite of its intended effect. The negative impression arising from thasadrproportion of

posed smiles may also contribute to the perception of normal adults that the nonverbal
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communication of PD patients conveys less positive and more negative emotion than the
communication of age-matched controls (Brozgold et al., 1998).

As another study (Katsikitis & Pilowsky, 1988) suggests, deficits in spontanedings
may be compounded by the hypometria (i.e., decreased movement amplitude) of posed smile
PD. Specifically, this study revealed a lower degree of mouth opening during pokesdism
individuals with PD relative to controls. Although this result should be considered preyimina
as it was not confirmed in a subsequent study (Katsikitis & Pilowsky, 1991), it ssitjoss
posed facial expressions are affected by PD -- an issue that will bderealsnext.

Posed facial expressions in PD.The impression emerging in the course of a clinical
examination that spontaneous, rather than posed, facial expression bears the brunt of
neurological damage caused by PD has not been systematically evaluatedneXstudy
(Smith et al., 1996) compared posed and spontaneous facial expressions on the same dependent
variables in the same individuals with PD. This investigation indicated that rasbiat
spontaneous smiles, AUs during posed smiles and intensity of these AUs did not thiféambe
control and PD patients and were not affected by disease progression. Irt tohtese
results, the findings of all other relevant studies, albeit lacking consystesne shown at least
one deficit in posed facial expressions in PD. Taken together, these findings suggestetiat
facial expressions are affected in PD, but to a lesser extent than spontacebesfaessions.

In most of these studies, participants were asked to imitate a preseraedXpoession
or pose an emotion to oral command (e.g., “Look sad”) while they were being videotapegl. Usin
objective measures and subjective ratings, most studies have examined th@etbeota
expressions in terms of the accuracy or intensity with which a posed emotion wagedonver

accuracy, most studies have revealed decreased accuracy of raters wingrnwhdtdy emotion
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was being posed by PD patients relative to controls (Borod et al., 1990; Madet\ Ell

Mindham, 1995; Simons et al., 2004, cf. Borod et al., 1989; Jacobs, Shuren, Bowers, & Heilman,
1995). For intensity, raters in nearly all studies judged that the intensitduiseckin individuals

with PD (Borod et al., 1989; Jacobs et al., 1995; Simons et al., 2004, cf. Borod et al., 1990). In
addition, applying the method combining FACS with subjective ratings, Simons et al. (2003 &
2004) found that on the task requiring the imitation of a given facial expression, tiepaissyr
between a participant’s face and the target face was significargéy f@r PD patients than for
controls.

Extending previous findings a step further, Simons et al. (2003 & 2004) also tested PD
patients’ ability to mask and intensify spontaneous facial expressions. ct lieaftethis ability is
needed outside the laboratory to follow social display rules (Ekman & Friesen,sp@é®s to
the ecological validity of these tasks. In these studies, PD patieniger&bacontrols
demonstrated reduced overall facial mobility on masking tasks, as shown lotisabpgings
(Simons et al., 2004), decreases in average number of AUs in an AU configurationg®im
al., 2003), and decreases in the range of AUs produced throughout the study sessizs €5im
al., 2003). These findings show that besides possibly appearing insincere whigsiegpre
spontaneous emotions, people with PD have trouble masking them according to social display
rules. They also suggest that similar to limb movement, facial movementisxd@bject to
akinesia (i.e., decreased ability to initiate movement).

Few studies have directly compared the extent of PD-related impairnazistion of
one emotion type versus another. However, the examination of participant perim#re
relevant studies does permit preliminary conclusions regarding the emotioss facial

expression is especially impaired in PD. Specifically, posing disgustissyrand happiness, as
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compared to other emotions, has nearly always resulted in the largest impaimiDtpatients
relative to controls (Madeley et al., 1995; Simons et al., 2003 & 2004). Similar to poséd facia
expressions, spontaneous facial expressions of happiness and disgust, relativeetoatibes,
were especially impaired (Smith et al., 1996). On the other hand, the posing of sadness, i
contrast to other emotions, has consistently resulted in less impairment ini&idsghtn in
controls (Madeley et al., 1995; Simons et al., 2003 & 2004).

The available evidence suggests at least two reasons that the faciadierpret
happiness and disgust appear to be especially impaired in PD patients. Hiasallganglia --
the brain area whose function is severely disrupted by PD -- has been imphdted i
processing of these emotions. Specifically, the meta-analysis of 55 neungjretaglies (Phan,
Wager, Taylor, & Liberzon, 2002) showed that this brain region is preferera@iisated during
the processing of happiness and disgust, as compared to other emotions. Thus, abnormal
processing of happiness and disgust in PD may result in the impaired spontaneosgexpires
these emotions. Second, because the facial expressions of happiness involvarglgmgfieater
numbers of facial movements (Smith et al., 1996) and are more accuratelyaddntifaters
(Madeley et al., 1995) than other emotional expressions, it is possible that pariirckditiis
in the expressions of happiness, relative to those of other emotions, are more appanent both i
studies using FACS and studies involving human raters. By the same token, the alibstanti
difficulty of both healthy individuals and PD patients when posing sadness (Mateley
1995) may mask PD-related deficits in the expression of this emotion. Clearlyraseaech is
needed to confirm and clarify the differential degree of PD-related impatrin the facial

expression of specific emotion types.
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Parkinsonian facial expression deficits: the overlap of movement and emoti.
Given that research participants were presented with affectivelydatideuli or asked to re-
experience emotional situations in many studies of facial expression ini®posgsible that the
observed impairments partly resulted from deficits in the perception and/oregxgeeof
emotional information that occur in this disease (for review, see Zgalj&atiod, Foldi, &
Mattis, 2003). As noted earlier, some investigators (e.g., Simons et al., 2004) attempte
out this possibility. However, three recent studies have shown that although PD and caterol
the valence of emotional pictures (i.e., the extent to which these stimuli eegvpdrto be
positive or negative) similarly, individuals with PD find them to be less arousing thamtiols
(Bowers et al., 2006b; Drago, Foster, Skidmore, Trifiletti, & Heilman, 2008; Wiese
Muhlberger, Alpers, Macht, Eligring, & Pauli, 2006). Because the arousal levie3 pétients
were not assessed in the studies of facial expression, it is possible timadlteohiarousal in this
population contributed to reduction of facial mobility. A study by Weddell (1994) also $sigges
that facial movement deficits cannot fully explain the poverty of emotioaession observed
after damage to the basal ganglia. In the Weddell study, spontaneousxpagsision of
participants with damage to various brain areas was videotaped as they recgatee ne
feedback on their test performance. The facial expressivity of participdhtdamage to the
basal ganglia, as compared to other brain regions, remained reduced afteu@rgifferences
in facial movements during nonemotional speech were statistically removed.

On the other hand, several pieces of evidence suggest that emotional procestimg def

cannot fully account for the parkinsonian impairments of facial expression, thase
impairments are evident when overall expressivity (e.g., facial mgltigyg includes

nonemotional facial expressions (Smith et al., 1996) or when nonemotional expressions in
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isolation (Simons et al., 2004) are examined. Second, as discussed earlier, irsdwitdhuBD

also show deficits in posed facial expressions which are not produced as aedukaifran
emotional experience.Third, emotional processing deficits of PD patients appear to be limited.
Thus, despite having diminished levels of arousal when processing emotional irdarmati
(Drago et al., 2008; Wieser et al., 2006), individuals with PD in another study (HaBacosl,

Pick, Krch, & Gruber, 2006) produced monologues about their personal experiences with a
speech content that was more emotional (i.e., as judged by raters) than theatontent
monologues produced by healthy controls. Fourth, even when individuals with PD experience
emotional processing deficits, such as diminished levels of arousal, it isaimednether these
deficits translate into reduced facial or verbal output. In one study é&bratil., 2001), people
with PD, as compared to age-matched controls, were found to use more words whemdescribi
experiences of arousing emotions (fear and anger). PD deficits in geecpmognitive

processing or word fluency could not account for this finding as this effeatatadbtained for
non-arousing emotions or nonemotional experiences. Finally, results of a recgsthswed

that voluntary facial movements in PD (Bowers et al., 2006a) are charatteyibeadykinesia.

Namely, as posed facial expressions are produced, they reach peak interssigyomly in PD

7 This dissociation between posed facial expression and emotional experience was
observed in patients who had basal ganglia damage caused by tumors or vasdelatsac
(Weddell, 1994). The posed facial expressions of these patients were clmrddigra
decreased number of AUs. However, this decrease was completely accounteithéor by
decrease in number of AUs on another task, the production of nonemotional speech. This
finding suggests that facial movement deficits observed on the posed expressicgréask w

nonemotional in nature.
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patients than in controls. In combination with the other results (Katsikititog/$ky, 1988;
Simons et al., 2003) discussed earlier, these findings show that akinesia, bisadykime
hypometria -- symptoms affecting the limb movements of individuals witk P2y also
contribute to PD patients’ deficits in facial expression.

Taken together, these data suggest that the impairments of facial comroonic&D
arise from abnormalities in both emotional processing and movement. Becaugagds a
below, LSVT enhances vocal characteristics and, possibly, faciasstpn in PD by targeting
neural operations that underlie movement, this study focuses on the role of movement, as
opposed to emotion, in facial expression. The possibility of improving facial commanicat
PD patients by addressing emotional processing deficits has impdinaral emplications and
should be tested in future studies.

In order to understand the mechanisms via which LSVT may improve facial
communication in PD patients, we will first discuss its putative neural stdsstrBecause these
substrates have not been investigated, hypotheses regarding this issue halexé¢toped
based on the relevant evidence from closely related areas. In the following, sutiesgpaotill
be formed based on the evidence from two literatures: the neural basis of tacahent in the
intact brain and the neural basis of PD. The neural substrates of facial moventleatisiact
brain will be discussed first. Because a comprehensive introduction to the newfdiagjgl
movement is beyond the scope of this dissertation, readers interested in thesar¢ogiected

to Rinn (1984) and Morecraft, Stilwell-Morecraft, and Rossing (2004).

lll. The Potential of LSVT to Reduce Facial Movement Deficits in PD
We hypothesized that LSVT, as compared to other therapies, may be morelikahet

a “carryover” effect on facial movement deficits. This hypothesis isthas empirical evidence
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suggesting that both facial and vocal movement deficits in PD appear to resulhdéreame
abnormality in a motor planning process, termed “scaling.” Moreover, this evidenesyed
next, also suggests that LSVT achieves the reduction of parkinsionian voices dsfi@tgeting
deficiencies in scaling.

Underscaling in facial and phonatory movements in PD.

Limb and facial movements.Several theories regarding what computational operations

are performed by the basal ganglia have been proposed. The leading explandtides inc
sensorimotor integration (Galvan & Wichmann, 2008), selection among compepogses
(Gurney, Prescott, & Redgrave, 2001a&b; Mink & Thach, 1991), motor learning (Joel &
Weiner, 1994), movement sequencing (Brotchie, lansek, & Horne, 1991), and movement scaling
(Alexander, Crutcher, & DelLong, 1990). Not being mutually exclusive, these accounts
emphasize different links in the complex chain of processes that underlie movement.

These accounts help understand various phenomena of abnormal limb movement that are
associated with the loss of dopamine in the basal ganglia in PD. However, most afd¢hesh
well suited for explaining facial movement deficits in PD. For example, becaess own
facial movements usually cannot be seen, sensory feedback, a process thatgrangs eole in
sensorimotor integration theories of basal ganglionic functions, is limited togreptive
signals in the production of such movements. Proprioceptive feedback, however ghas littl
influence on movement amplitude (Bard et al., 1999; Rosetti, Desmurget, & rel98b) and
therefore cannot account for the hypometria of facial movement in PD (Simon<2608)).
Similarly, it is implausible that selection among competing responses @lanajor role during
spontaneous facial expressions that are markedly impaired in PD. If thihwesase, the sets

of muscles involved in a given spontaneous expression (e.g., a smile) and the tenmaonadsly
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of their movements would vary widely, as is the case with limb movements. However, the
opposite is true. Both of these parameters are tightly regulated duringregmms expressions

of emotion and distinguish between spontaneous and posed facial displays (Ekmanr& Friese
1982). Also, facial expressions arise from stereotyped muscle contractione thetfacted in
childhood or adolescence and therefore do not involve motor learning in adulthood. Neither can
abnormal movement sequencing explain PD-related deficits in facial sxprgsbecause many
facial expressions that are impaired in individuals with PD require the coorrat only one

muscle (Simons et al., 2003). Disgust that is communicated by the contraction of the caput
angulare muscle, which wrinkles the nose, is one such expression.

In contrast to the computational operations emphasized by these theoriesntefici
scaling appears to play an important role in facial movement deficits inrPtis Idissertation,
movement scaling is defined as the neuronal computation of movement speed, amplitude, or
force during motor planning, and the term “underscaling” is used to denote a motor planning
deficit causing one or more of these parameters to be inadequately simnaglltdemresulting
motor output. Importantly, because underscaling is a deficit in motor planning asdfipose
execution, it results in motor output that is inadequate for achieving one’s goglp(shing a
door with adequate strength), rather than in a context-free inability to produmeautgut with
certain properties (Ho, Bradshaw, lansek, & Alfredson, 1999).

The contribution of underscaling to hypometria and bradykinesia, two chartacdesfs
parkinsonian facial movements (Bowers et al., 2006a), is supported by the finding that the
magnitude of the first burst of electromyographic (EMG) activity durivagtsand simple elbow
flexion movements increased with movement amplitude in both PD patients and controls;

however, the rate of increase in burst magnitude as a function of amplitude wamlower
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participants with severe PD (Pfann, Buchman, Comella, & Corcos, 2001). Addytjdhall
highest values of burst magnitude were similar in both groups, suggesting ttiffettemces
between PD and control groups reflected the impairments of motor planning andaubioexe
The study also showed that whereas increases of movement amplitudesoerges with
increases in burst duration in controls, burst duration stayed constant in individbaPDuwit
possibly contributing to bradykinesia. The findings of another study suggestiathe
influence of sensory processes (e.g., vision of the moving limb) on movement exegution i
eliminated or statistically removed, parkinsonian hypometria becomes mdemg\duggesting
that motor planning deficits, such as underscaling, are a major cause of thisrsympt
(Desmurget, Grafton, Vindras, Gréa, & Turner, 2003).

Given that PD affects multiple brain areas, it is not clear from thesedm@@esmurget
et al., 2003; Pfann et al., 2001) which brain areas contribute to movement scaling. UBN&gss
been addressed in an imaging study (Desmurget, Grafton, Vindras, Gréa, & 200#grwhich
showed activations of the posterolateral putamen, a region of the basal,gargdathy adults
who were given a cue signaling the required movement amplitude (versus movepainrgir
on a reaction-time task. Recent imaging studies have revealed moselyretiich physical
parameters get scaled in the basal ganglia. These findings have datadribtait neuronal
activity in the internal segment of the globus pallidus (GPi) and subthalanéusa§TN)
increases with the rate of change of movement force (Spraker, Yu, Corcosglatadtart, 2007,
Vaillancourt, Mayka, Thulborn, & Corcos, 2004) while activity in the caudate, putamethe
external segment of the globus pallidus (GPe) increases with force duxétitbancourt et al.,

2004). Involvement of the basal ganglia in scaling is also supported by primaés stuoliving
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the relation between the firing rate of pallidal neurons and movement amplitudigyveloc
(Georgopoulos, Delong, & Crutcher, 1983).

Because the basal ganglia execute motor control via a functionallgstgteeural
loop, termed the “motor” circuit (Alexander & Crutcher, 1990; Alexander, DeLortrigk,
1986), other areas of the motor circuit, such as the supplementary motor areaaf@Mpimary
motor cortex (PMC), are likely to be major recipients of underscaled motor progndPD. The
available evidence, including the development of parkinsonian bradykinesia and gpomet
(Bhatia & Marsden, 1994) and a decrease in the rate of change of force @aiedrichsen,
& Ivry, 2005) following lesions of the basal ganglionic “motor circuit”, stigregipports this
prediction. This evidence is also consistent with the involvement of the SMA and PMCan for
production (Vaillancourt, Yu, Mayka, & Corcos, 2007).

Laryngeal movements. One piece of evidence supporting the role of underscaling in

hypokinetic dysarthriéwhich affects most individuals with PD (Mutch, Strudwick, Roy, &
Downie, 1986; Streifler & Hofman, 1984), is the finding that if individuals with PD are
instructed to speak loudly and clearly, they manage to do so (Ho, Bradshaw, lansek, &
Alfredson, 1999; Ho, lansek, & Bradshaw, 1999given that laryngeal (also known as
phonatory) movements (e.g., the extent of vocal fold adduction) are an important deteofminant

loudness (Scherer, 1991; Titze & Sundberg, 1992), these data agree with the interphetation t

8 Hypokinetic dysarthria is a motor speech disorder that includes, but is not liojited t
reduced loudness, reduced pitch inflection, hoarse voice, and imprecise articulation.

9 Notably, based on the outcome of many voice therapies with PD patients, this
improvement is transient and does not transfer to natural settings (Allan, 1970, Rax, &

Sapir, 2004).
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reduced loudness and reduced variation of loudness in PD (Duffy, 2005; Ludlow & Bassich,
1984) reflect underscaling in the programming of laryngeal movements, ifzhex tow-level
deficit in movement execution (e.g., muscle rigidity).

This interpretation is also supported by the effectiveness of LSVT, arsihezapy that
is based on the view that voice disorder in PD reflects the underscaling of neuirantd the
laryngeal muscles of the speech mechanism (Trail et al., 2005). In ordgecdteris drive,
LSVT focuses on increasing vocal loudness in PD patients. The authors of one reeent re
(Yorkston, Spencer, & Duffy, 2003) concluded that among therapies for respinatbry a
phonatory dysfunction in hypokinetic dysarthria, “the effects of LSVT cldwle been
documented with the widest range of outcome measures” (p. xxxii). In anotlesv revi
(Yorkston, Hakel, Beukelman, & Hager, 2007) focusing on speech production systems (e.g.,
loudness, speech rate), the authors concluded that that the evidence strongly hgports
effectiveness of LSVT in treating reduced loudness in dysarthria.

Emerging neuroimaging data (Liotti et al., 2003; Pinto et al., 2004) also support the
hypothesis that the reduction of dysarthria in PD is achieved via the rescaimagoofprograms.
One study (Liotti et al., 2003) showed that LSVT affects regional cereload flow (rCBF)
during phonation and paragraph reading in the basal ganglia and SMA, two areas thatl as not
earlier, are implicated in movement scaling (e.g., Vaillancourt et al.) 2@pkcifically, the
rCBF levels in the right putamen of PD patients were significantly grdatang phonation than
rest after LSVT. This difference between the two conditions was not abbtaefere treatment.
This effect was accompanied by a significant increase in the patienéd’leodness following
treatment. Conversely, SMA activation in PD patients on the phonation task was observed

before, but not after LSVT. The same pattern of SMA activation was revealed onatyeaphr
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reading task. Interestingly, no SMA activation was observed in controls winomed only the
paragraph reading task. These results suggest that SMA activation in @spaay indicate a
compensatory mechanism that became unnecessary when processing in thenigéiaalvas
enhanced by the treatment (Liotti et al., 2003). Importantly, transient expégiroeied
increases in loudness in untreated patients did not result in any changes inv€&l&FTais
result shows that LSV T-related rCBF changes in this study redl&agder-order processes,
such as motor planning, rather than motor implementation.

The only other study examining the neuronal correlates of reduced dysarthba i
(Pinto et al., 2004) also showed increased SMA activity in PD patients as comparetidtsc
during speech production and silent articulation. As in the Liotti et al. study, StWiyalevel
of the patients during stimulation became similar to that of controls astercassful therapeutic
intervention. Taken together, these studies suggest that the successfeinieatrhypokinetic
dysarthria, such as LSVT, target brain regions involved in the scaling of movement

Additional considerations. Besides LSVT's rescaling of motor parameters which may
contribute to both facial and vocal movements, several other factors increékelith@od that
LSVT-related improvement in vocal characteristics carries over tal faovement deficits in
PD. One is the substantial degree of neural coupling between laryngealiahchéaements.
Such coupling is thought to occur both via common drive to facial and laryngeal motoneurons
and mechanoreceptor input between the face and the larynx (McClean & Tasko, 2002).
Evidence of coupling includes high correlations between the timing of vocal ésldreland the
timing of lower lip movements (Gracco & Lofqvist, 1994) detween vocal intensity and lip
velocities (Dromey & Ramig, 1998). Further, significant correlations of lip itedeavith vocal

intensity and fundamental frequency (i.e., an acoustic characteristinthexrlies pitch and is
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determined by laryngeal movements) were obtained in 50-86% of participamtsonnal
speech (McClean & Tasko, 2002). The substantial degree of neural coupling suggests t
improvements in temporal dynamics of laryngeal movements and loudness (ély. Ramig,
Dromey, Perez, & Samandari, 1995; see Yorkston et al., 2003 for an excellent fell@wihg
LSVT carries over to lip and, possibly, other kinds of facial movement.

Moreover, the considerable amount of time PD patients spend practicing various
components of LSVT raises the likelihood of a substantial carryover effeatddition to its
frequent administration (i.e., four times a week for four weeks) by the speeapishecSVT
also occurs outside the treatment room. Besides being assigned homeworlpdteWis are
instructed to speak louder with family members who frequently reinforce théseiioss.
This intensive administration format may not only be necessary to achieve tleel @éfgct, but
also promote the internalization of rescaled amplitude and help overcome the fraduenof
PD patients to generalize skills practiced with speech therapists to dthngrss@ramig et al.,
2004). Finally, the simplicity of the LSVT format may be particularly slgtdor PD patients,
many of whom are elderly and demented (Aarsland et al., 2003). Specifi&\Y, ik based on
overtraining relatively few, rather than training many, speech ctaaistics (e.g., adequate
loudness). Changes in these characteristics are hypothesized to trigger otivergasiges
across multiple levels of speech.

Evidence to date.To date, only one known study has examined the possibility that
LSVT can alleviate facial movement deficits in PD. Specifically, SmalnBorod, and Ramig
(2003) showed that LSVT, but not a control articulation therapy, resulted in acaghifi
improvement in PD patients’ facial mobility, as judged by raters blind tonpatigtus. At

present, these results need to be considered preliminary because of sebhedblogical
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weaknesses of the study. Besides a small sample size, the content of RS padeotaped
monologues that were viewed by raters was not controlled. Though the depression levels of
participants did not change as a result of treatment, it is possible tlzggathiéc improvements
in the voices of the LSVT patients elevated their mood. This effect may haiteden the
patients’ choice of more positive monologue topics leading to increased facisitynobi
Nonetheless, Spielman et al.’s findings are encouraging regarding theghaebEVT to
alleviate facial movement deficits in PD.

Study aims.

Aim . Given the evidence supporting the potential of LSVT in the treatment of impaired
facial mobility, we hypothesized that LSVT, relative to a control artimrgherapy (ARTIC)
and to no treatment, would lead, on average, to significant increases in sevetakseéfacial
expression: number of AUs in an AU configuration, number of different facial esxpnss and
total number of facial expression (Hypothesis 1).

In this study, the number and temporal extent (i.e., start and end times) lof facia

expressions, which in this study were operationalized as facial éVevese coded. Because,

10 A facial event, as described in the FACS manual, is either the occurfenm=AU
or the occurrence of several AUs that emerge in very close temporal gyoxirane another.
For example, when, after spotting the face of a friend in a crowd, a person #mailelevation
of the lip corners (AU 12), the wrinkling of skin near the eyes (AU 6), and the paftthg lips
(AU 25) often emerge at nearly the same time. The concept of facial eveots#ile fact that
external and internal stimuli (a friend’s face, stomach pain, etc.) frequentbe several AUs to
emerge at roughly the same time. The FACS manual provides guidance on how fipfat=ati

events.
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unlike separate AUs, facial events frequently convey a person’s reactiotinwlas, a facial
event is the recommended unit of analysis (Ekman & Friesen, 1978) when associatvees bet
facial activity and communication are examined. A facial event was thefiamalysis in this
study which, as discussed next, investigated the impact of facial movemeris aefipatients’
communication with observers.

Aim II. Studies discussed in Part | suggest that observers attribute a number of negative
characteristics to PD patients, and that these attributions are based oouhé afrfacial
masking observed in a patient (Tickle-Degnen & Lyons, 2004). Based on these fimagings
predicted that by increasing facial mobility, LSVT would improve others’ negperceptions
of PD patients. These predictions could be formulated as three separate hypotheses

First, we predicted that the perceived differences between the perssraiiti behavior
of PD participants and control participants obtained in earlier studies (entigridlect al., 1988)
would be replicated in this study (Hypothesis 2a). Because it is possible thapaldference
on a given personality or behavior scale would not be obtained, we hypothesized PB patient
would be perceived more negatively than controls on aggregate measures of patticipants
personality and behavior (i.e., termed Overall+, Pers+, and Beh+ scadise SA Priori
Analyses” section below for the detailed description of how these measusfomeed).

Second, we hypothesized that LSVT, as compared to ARTIC or to no treatment, would
decrease the negative perceptions and dislike of PD patients observed intedrésr s
(henceforth, termed “negative perceptions” for brevity). This decrease woulfidogeckin the
reduced Overall+, Pers+, and Beh+ scores of PD patients (Hypothesis 2b).

Finally, we hypothesized that increases in one or several facial mplaitameters (i.e.,

average number of AUs in an AU configuration, number of different facial esipnss and total
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number of facial expressions) after LSVT would partially or fully medibé effect of LSVT on
the negative perceptions of PD patients (Hypothesis 2c).

The mediation model underlying Hypothesis 2c is shown in Figure 2. Given that there is
no available evidence for this model, it was decided to maximize the likelihood afingvan
interesting, if preliminary, support for the model at this exploratoryestagher than seek only
the strongest type of evidence. Thus, as shown in the box on the left of Figure 2, it was decided
to operationalize the effect of LSVT as the difference between LSVT andatmént, rather
than LSVT and articulation treatment. Whereas partial mediation would regué significant
coefficients of paths,d, and c; full mediation would amount to statistical significance of the
coefficients of paths and_bonly. Notably, it is possible to find support for Hypothesis 2c¢ but
not Hypothesis 2b. This would occur if the direct effect of LSVT on personality dnadibe
attributions counteracted its mediated effect (i.e., pa#imd’path x b have coefficients that are
opposite in sign) making the overall LSVT effect negligible. Although such ssgpreeffects

are inconsistent with Hypothesis 2b, the possibility of their occurrence dammnalied out.
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Method
Observers!?
To assess the effect of LSVT on the perception of PD patients’ personalityhevibbe
110 observers were recruited from introductory psychology classes. Obsecegrsd partial
course credit for 1-1.5 hours of their time.
Measures.

The rating forms. After viewing each segment (see below), observers used the Likert

scales ranging from 1 (Not at all) to 7 (Extremely) on the PersomaittyBehavior Rating forms
(see Appendix) to evaluate participants’ personality and behavior, respeclite Personality
Rating form included four bipolar scales assessing judgments on the followiegsiims:
extraverted versus introverted, independent versus dependent, secure versus anxiked, and |
(the participant’s personality) versus disliked (the participant persgnalihe Behavior Rating
form included five bipolar scales assessing judgments on the following dimensigaged

versus bored, relaxed versus tense, happy versus sad, openhearted versus guarded, laad liked (t
participant’s behavior) versus disliked (the participant’s behavior). Thesetigdf were

adapted from the study by Pentland et al. (1988). In keeping with the principleatrigwalid
and reliable rating measures (Woods & Hampson, 2005), the position of the positivelgaalenc
pole varied across scales (on the Personality Rating form, it was on th&idegfdr 2 out of 4
scales, and on the Behavior Rating form, it was on the right side for 3 out of 5.stales

keeping with the same principles, descriptions were provided for charactenktise meaning

11 For the remainder of this dissertation, the word “participants” will be useferao
the 56 videorecorded individuals of this study (see below), and the word “obseniebs used

to refer to individuals rating these participants on personality and behaves.sca
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can be ambiguous. These descriptions were constructed from the item content of the
International Personality Iltem Pool (IPIP, 2010). Similar to another sttyibieg the

construction of a psychometrically sound personality measure (Woods & Hampson, 2005), up to
five components were used in a description in order to make the description clear and
comprehensive without making it too long. Also, extreme descriptions were avaigled (e

“often feels blue” instead of “always feels blue” is used to describe das¥iwhere possible.

EACS. In FACS, any observable facial movement is represented as a combination of one
or several of 44 possible AUs. Also, intensity of most AUs is coded on a 5-point sutaiea C
for scoring each AU and its intensity are detailed in the FACS training m@kman, Friesen,

& Hager, 2002b). The names and descriptions of AUs used in the FACS are shown in Tables 1
and 2. High intercoder reliability in the application of FACS has been demonstrageials
publications (e.g., Ekman & Friesen, 1976; Sayette, Cohn, Wertz, Perrott, & Parrott, 2001).

Materials.

Participants. The dataset in this study was drawn from videorecorded monologues
produced by 56 individuals from four groups: 16 PD patients who underwent LSVT (LSVT
group), 12 PD patients who underwent control articulation therapy (ARTIC group), 1&tadtre
PD patients (Untreated group), and 11 age- and gender-matched controls (Control Ghege)
videorecordings were made in the laboratory of Dr. Lorraine Ramig at thersity of
Colorado at Boulder as part of a larger research project (funded by Natistitates of Health
grant RO1-DC01150). The procedure for eliciting the monologues for this partitdgr(see
the “Development of Stimulus Materials” section below) was developedodiitively by the
laboratories of Dr. Lorraine Ramig and Dr. Joan Borod at Queens College ofythénVersity

of New York. The demographics of the four groups are shown in Table 3. As shown by
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analyses of variance (ANOVAs) and chi-square tests, the groups were natamglyidifferent
in terms of age, gender, race, or years of education, Hoehn-Yahr stages sinttendiagnosis
(all p-values > .05).

Participants in the LSVT, ARTIC, and Untreated groups were adminisidvatiery of
neurocognitive, psychological, and quality of life assessments (listed Apfendix).
Participants in the Control group were administered the Mini Mental Stateiatton (MMSE;
Folstein et al., 1975) and th& ®ersion of the Beck Depression Inventory (BDI-II; Beck, 1967).
Moderate to severe dementia (MMSE scores below 25), severe depressicedB&3 above
24), and any prominent abnormalities in neuropsychological functions were coteria f
exclusion. An ANOVA followed by pairwise comparisons showed that the meais@id¢ of
the Control group was significantly lower than that of any other participanpgK3, 52) =
4.89, p< .01,n* = .83. This result is consistent with the comorbidity of PD and subclinical
depression (Leentjens, 2004, i.e., because patients with BDI scores indicaéveref s
depression were excluded from this study, the depressive symptoms of some R patie
likely insufficient for a clinical diagnosis of depression). No other intengdifferences on the

mean BDI scores were significant, allalues > .05?2

12 Because BDI scores from 14 to 19 are suggestive of “mild” depression (Beaky,B
& Steer, 1996), the proportion of participants in each group with BDI scores in this ragage w
compared across groups. There were one, four, three, and zero participants witbresadh sc
the ARTIC, LSVT, Untreated, and Control groups, respectively. The proportion of such
participants did not differ significantly across groups, A0. Similarly, the proportion of

participants with BDI scores from 20 to 28, which are suggestive of “moderatedsdapr
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The selection of MMSE scores of 25 or below as a criterion for exclusion wes das
the population-based norm for MMSE performance of individuals aged 80-84 who, despite
having some college experience, do not have a college degree (Crum et al., 1993)e With t
exception of one participant, such individuals represented the oldest and least ediszteolf s
participants in the present study. Using the individuals with these chasticseas a reference
group for selecting the MMSE cutoff score ensured that the cutoff was not strerent for
any participants in the current study. MMSE scores of 25 or below are more thstarohed
deviation below the mean MMSE score of this reference group. One standard devlation be
the age- and education-specific mean MMSE score is frequently used a®thsooue in order
to screen out participants with cognitive impairment (e.g., Larrieu et al., 2082 MP¥ang,
Backman, Winblad, & Fratiglioni, 2002).

Treatment. Treatment was administered in the laboratory of Dr. Lorraine Ramig at the
University of Colorado at Boulder as part of a larger research project (funddatibyal
Institutes of Health grant R01-DC01150). The two types of treatment in the pesint
ARTIC and LSVT, were administered in 16 sessions, with a duration of four 50-rsgsg®ns
a week for four weeks. Subjects received no additional speech treatment dafeséssions.
Both types of treatment stimulated high effort in repeated exerciseg doeirfirst half of each
session and the carryover of high effort to speech tasks, such as reading and spealgrthedurin
second half. The treatment intensiveness, daily homework, daily quantificatieatofiént
variables, and carryover were all emphasized equally in both treatrmepsgrTwo clinicians

delivered the treatment to all the patients. Both clinicians administered bothdbtraeatment

(Beck et al., 1996), did not differ significantly across groups,10. Each patient group had

one participant with such scores, and no control participants had BDI scores in tais rang
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and were randomly assigned to individual patients. The clinicians worked closehetoige
ensure consistency and equivalent high effort and motivation across both formswénteat

ARTIC focused on increasing orofacial-articulatory movement in order taimapr
overall articulation. ARTIC patients practiced enunciating by perfornasks that included
maximum enunciated consonant-vowel combinations (e.g., “pa,” “ta,” and "ka”), maxim
anterior to posterior tongue movement, maximum functional speech enunciation, and
hierarchical speech enunciation. Patients were encouraged to enunciatehdsengsks and
carry over the same increased articulation patterns during initial enandiasks into reading
and speaking.

The main aim of LSVT was to maximize phonatory efficiency. To this end, LSVT
focused on increasing vocal effort by increasing vocal fold adduction. E)xgrmsisd as
pushing the hands together or pushing down or lifting up on the arms of a chair or table while
phonating, were used to stimulate increased vocal fold adduction. Patients weraged to
read and speak using the same loud voice that they generated during sustaineshphdiatks
within the LSVT/LOUD protocol included maximum duration of sustained vowel phonation,
maximum fundamental frequency range, maximum functional speech loudness, amthibadrar
speech loudness exercises. Throughout each session, patients were encoutagkdaod.”
Feedback for adequate loudness was given using a voice light, which lightaurgeaintensity
level, and a tape recorder, which was used for self-monitoring of intensity.

Development of stimulus materials.In order to elicit the monologues, the spontaneous

emotional expression task from the New York Emotion Battery (NYEB; Borod, Walkafv
Obler, 1992) was used as described by Borod and colleagues (Borod, Tabert, Santschi, &

Strauss, 2000; Kazandjian, Borod, & Brickman, 2007; Montreys & Borod, 1998). Specifically
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participants described three recent events from their lives: an event thathemdangry, an
event that made them happy, and an event that made them sad. Thus, three emotional
monologues (henceforth, termed “angry monologues,” “happy monologues,” and “sad
monologues”) were produced by each participant. In addition, each participant praduce
emotionally neutral monologue recounting a recent trip to a supermarket (hndefoned
“supermarket monologue”). Before beginning the task, a participant was askedkder at
least 2 mins. If a participant produced a monologue that was less than 2 mins, heas she
prompted by an experimenter to provide additional details about his/her experiacbe. E
participant in the LSVT and ARTIC groups produced four monologues (happy, sagd,aryr
supermarket) before and after therapy, with an interval of five weeks letineevo
monologue productions. Each participant in the Untreated and Control groups produced the four
monologues on two occasions separated by an interval of approximately five weekgsé-of
presentation, the first and second occasions on which the monologues were produceéiby a gi
participant will be termed “Time 1” and “Time 2,” respectively.

In this study, only segments of the happy monologues (henceforth, “happy segments”)
were analyzed (i.e., coded with FACS and evaluated by observers). Happy segenents
chosen for analyses in this study for the following reason. Based on prejinvoikr with this
dataset, the FACS coder in this study, A.D., estimated that he would not be able to ade mor
than two hours of video data in a reasonable length of time (3-4 months). This estamate
based on the correct prediction that, on average, A.D. would code for 20 hours per week. Thus,
due to time constraints, only a subset of the videorecordings of participants’ mosatoglce
be coded in this study. Rather than code short segments of every monologue, it was decided th

a more advantageous approach would be to code longer segments of the happy monologues only
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The rationale for favoring this approach was that a rigorous test of HymoBRue@ie.,
hypothesis that changes in perception of LSVT participants would be mediatbdriges in
facial movement parameters [i.e., parameters which were measured\@i#ij)Fequired that
both the FACS coder and observers evaluate (via FACS and Rating formstivegpehe
same dataset. Thus, the approach of coding short segments from many monvetedgiésive
required that observers evaluate a participant’s personality and behavebohaseort
(approximately 15 s if segments from all monologues were to be coded) segmeets th@i
observers were asked to make personality and behavior judgments based orofasiatms
alone (see below), the information contained in short segments may not have bemmstdfi
making such judgments.

Because, due to time constraints described earlier, coding entire happpgues was
not feasible, it was decided to extract 60 s segments from the end of the monologuesd,Th
rather than the beginning or middle, of the monologues was chosen based on the following
rationale.

First, there is evidence that the emotional intensity of facial expressiamdividuals
producing monologues from the New York Emotion Battery (Borod et al., 1992) isrgretite
last two-thirds than in the initial third of the monologue (Kazandjian, Borod, & Back@007).
Thus, selecting the final rather than the initial segments of the monologuessvbisdly to
result in floor effects when group or pre- versus post-therapy comparisons vaere Second,
initial work with the dataset showed that there were more instances oicgppattmaking long
pauses near the middle of the monologue than in the last minute of it. Many of these pauses
seemed to have occurred when, despite the requirement to speak for at least 2 miiogampa

finished speaking prematurely and was then encouraged to continue the monologuge In the
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instances, the resulting monologue often lasted 3 min or longer and contained a lentgaus
occurred shortly before the beginning of the last minute of the monologue. Thusjrextret
last minute of all monologues yielded a dataset that was relatively undéoatadhby these
artifacts.

One hundred twelve segments (56 segments recorded at Time 1 and 56 segments
recorded at Time 2) were extracted using the following procedure. Hiesgarch assistant
who was not involved in the coding of this dataset listened to every happy monologue and noted
the start and end times of every pause in the monologue production that was longer than 5 s and
of every instance when an experimenter became visible in a videorecording. ddaydeata
falling between the noted start and end times were defined as an &ttiixteen out of 112
recordings (14%) had an artifact. Second, using a videoediting softwaadifatts were
removed. Third, the last 60 s were extracted from the resulting aftéacatecordings. These
112 60-second segments were the dataset of this study.

These 112 segments were split into four sets of 28 segments, so that each observer

viewed only one set of 28. For expediency, these segment sets will be terméq’s&s “

13 To define an artifact, the duration of 5 s was chosen based on the examination of the
audio recordings of similar monologues from a different dataset. As wasaviddat by
participants’ comments immediately after many longer pauses (i.e.y litvage5 s), these pauses
often occurred when participants found it difficult to continue producing the monologue (e.
could not recall additional details regarding their experience) and thus wbeb|y no longer
engaged in recalling the experience. In contrast, shorter pauses (i.er,tbhortes) often
occurred before a participant finished relating the gist of their exyperieMany of these pauses

seemed to have been produced for emphasis or dramatic effect.
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“C,”and “D.” As explained next, this split was carried out for two reasons: ¥@préhe same
observer from judging the personality of the same participant more than onoeasodtt

observer fatigue. Given that “personality” is generally understood to enthoss dimes and
situations (Sullivan, 1953), observers rating the personality of the sanoa peose than once

may be biased to rate it similarly on both occasions. To prevent this bias, evewgplrsthis

study judged the personality and behavior of a given participant only once. Tlaistimec

required at least two sets of observers, with one set of observers viewing 561(60ét)gue
segments. The other set of observers viewed the other 56 monologue segments. ualpilot st
showed that an observer would have taken, on average, approximately 2.5 hours to view 56
monologue segments and rate the personalities and behavior of 56 participants. Mous, to a
observer fatigue that would have resulted from rating for 2.5 hours, both sets of 56 monologue
segments were further split into two sets of 28 segments, so that each observerevooldyi

one set of 28 segments for approximately 1 hour and 15 min. Thus, 112 monologue segments
were split into four segment sets which were shown to four groups of observers, withoegch g
viewing only one set of 28 segments.

The four segment sets were formed via the procedure described next. This procedure
ensured that the four sets were equivalent in terms of two independent variafestatistical
comparisons of this study: participant group (PD patients who underwent LSVT, Pligatie
who underwent ARTIC, untreated PD patients, and age-matched controls) and imad @nd

Time 2)M First, a randomly selected half of LSVT participants was assigned toane g

14 If a group of observers had been predominantly exposed to Untreated participants,
they might have habituated to the absence of facial movement in the UntreatepdgoastiSuch

habituation might have caused observers’ personality and behavior judgments atddntre
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(Group 1), and the other half was assigned to the other group (Group 2). Second, random
assignment to Groups 1 and 2 was repeated for each of the three remainictggsobpes
(ARTIC, Untreated, and Control). Third, half of 28 participants in Group 1 were rapdoml
selected. Those segments of their monologues that were recorded at Tineeatsigared to set
A, and those segments that were recorded at Time 2 were assigned td¢-eattB, the
segments from the other half of Group 1 participants were also assigne&slAcasel B: those
segments of their monologues that were recorded at Time 1 were assigee8tand those
segments that were recorded at Time 2 were assigned to set A. Finally, améhprecedures,
the segments of Group 2 participants were assigned to two different sets, C and D.
Procedure.

Rating sessions.The rating sessions were conducted at Queens College. Two to six

college students from an introductory psychology class took part in each rating.s&=scause
processing of emotional faces is strongly affected by handedness (B2008§, only right-

handed students were recruited as observers in order to make our observer sample more
homogeneous. Also, because individuals speaking English as a second language migat not hav
comprehended some of the text on the Rating Forms (see below), only individuals who spoke
fluent English by age 7 were recruited as observers. Students who did not meet these
requirements were automatically excluded from participation in this siadyn online system

that is used by Queens College students to register for participation ircheskeaaddition, we

verified during each testing session that observers wrote with their rigiht Bafore viewing

participants to become more positive over time. Thus, the fact that participantsaicbraubject
group and segments recorded at both Time 1 and Time 2 were adequately repnes=tie

segment set may have prevented such habituation effects.
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the segments, observers were administered a Demographics and Medargl ddisstionnaire
(see Appendix) to document their gender, age, ethnicity, number of years of@dwal a
history of head injury, neurological disorder, learning disability, psychiasmrdeér, and alcohol
or substance abuse. Observers who reported a history of these abnormaktieschueted.

Four sets of segments were shown to four groups of observers, with each group viewing
only one set of segments. Thus, each observer viewed only one monologue (recorded either a
Time 1 or Time 2 but not both) from a given participant. The assignment of observers to one of
the four groups aimed to keep the average age, average number of years afreduuti
distributions of gender and ethnicity roughly similar across the four groups of alssefvas
ensured that any interactions between participant and observer demographicsdidmotd
the outcome of our statistical analyses. Because it was not possible to assigershghile
keeping all their demographics similar across the four groups, grouprgyrola one
demographic variable was prioritized over group similarity on another. Sphygjfalaserver
demographics were considered during the assignment process in the followimgf orde
importance: gender, ethnicity, age, and education. This order is based on two comssderat
First, although temporary differences between the four observer groupsisnakeage or
education may have emerged during the recruitment process, it is unlikely teadiffexences
would have persisted because all observers were college students and tkab/relat
homogeneous in their age and, especially, education. Second, the available evidence suggest
that personality and behavior judgments in this study might have been affectedifigtaction
between observer gender and participant gender (Murphy, Hall, & Colvin, 2003) and the
interaction between participant ethnicity and observer ethnicity (e.g& Caeati, 1993).

However, given that 89% of participants were Caucasian (see Table 3),stlikdgsthat the



38

ethnicity of observers would have interacted with the ethnicity of participiaantst is that the
gender of observers would have interacted with the gender of participants. Feasbis, r
similarity of observer groups on observer gender was given the highediyaoing the
assignment process. The demographics of each observer group are presenteddin Aabl
shown by ANOVASs and chi-square tests, the groups were not significantlyediffa terms of
age, gender, race, or years of education,-afllpes > .05.

The segments in each set (A, B, C, and D) were shown to observers twice in Btdiffere
pseudorandom sequences. The sequences were randomly generated, with theictdy restr
being that participants from the same group were never shown more than 3 times,iararow
that any 4 adjacent segments in one sequence were never adjacent in the othee.s&queng
one viewing, observers evaluated participant personality, and during anothemyitely
evaluated participant behavior. To minimize sequence and order effects, thia erdeh
observers evaluated participant characteristics (i.e., first, petyasadi then, behavior or vice
versa) and which of the two sequences was shown first was counterbalanced aeresssobs
Although, observers’ ratings during the second viewing may have been subject to ameexpos
effect (i.e., the tendency to perceive a stranger in a more positive light upateceprposure),
the counterbalancing of the order in which observers evaluated participantetistias
ensured that this effect affected personality and behavior to the same extergegients from
a different data set were appended to the beginning of each sequence. Unknown taspbserver
these two segments served as practice trials, and the ratings of peopte setiraents were not
analyzed. Before beginning to rate the personality or behavior of partcipamsegment

sequence, observers were read the corresponding instructions (see Appendix).
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Observers viewed the segments while seated in a quiet room. The segmestsoowere
on a projector screen hanging on a wall. The projector was controlled via a laptopd®arch
assistant who was invisible to observers while they were evaluatingemts. This precaution
precluded the ratings from being subject to experimenter effects. To dmatitee monologue
content did not influence the ratings, the sound of the videorecordings was turned off. As soon
as all observers finished rating a given segment, the next segment inubecgegas shown.

Variables based on observers’ rating®r each segment, we derived an average rating

that combined the ratings on all 7-point scales on both rating forms as followsxtidme
rating on a positive attribute (e.g., “very extraverted”) or positive attittetiongly liked the
person”) was converted to “7,” the moderate rating on a positive attribute (eoglerawely
extraverted”) -- to “6,” and so on. Thus, the extreme rating on a negative attrilmetgative
attitude (“strongly disliked the person”) was converted to “1.” For each segimengsulting
ratings were averaged across all scales and across all obsefvesscoMmposite average,

termed the “Overall+ scoré”indicated the extent to which a participant in a given segment was

15 As can be seen from examining the personality and behavior characteristics
composing the Overall+ score, most of these characteristics aszlreldhe factor of
Neuroticism in the five-factor model of personality. However, the score alsol@ttcan
introverted versus extraverted scale that corresponds to the factor ofeEsityavun the same
model. Thus, the Overall+ score does not measure observers’ impressions on a single
personality factor. Instead, it is a combination of dimensions on which PD pateretsihown
to be perceived negatively in earlier studies (e.g., Pentland et al., 1988). Bboassaly

aimed to examine whether LSVT improves these perceptions (Hypotheses 2a aatth@bdhan
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liked and perceived positively (i.e., the higher the Overall+ score, the motiggtse

perception). Additionally, the same procedure was carried out separatethevthree

personality scales on the Personality Rating form (extraverted vemsugeméd, independent

versus dependent, and secure versus anxious) and four behavior scales on the Behavior Rating
form (engaged versus bored, relaxed versus tense, happy versus sad, and openlsearted ver
guarded). These procedures yielded composite averages, Pers+ and Beftigndi

respectively, the extent to which the participant’s personality and belestiempositively

perceived.

FACS coding.

Scoring processA FACS-certified coder, A.D., who was blind to the time of the

recording (Time 1 or Time 2) and participant group affiliation, used FACS to Seosntire
dataset (i.e., the last artifact-free 60 s of each monologue segment). sédhifey the dataset,
A.D. did not know which segments were selected to be scored by D.M. Facial actitagy
analyzed dataset was coded according to the rules in the FACS manual (Ekesam, &
Hager, 2002b) with the sound turned off, so that monologue content did not bias the coder.
Because the coding of blinks is a very time-intensive activity, and blinks wetleeniatcus of

the present study, they were not coded. Initial work with the dataset showed that som
participants produced highly repetitive movements that, by virtue of their freqaadcy
unchanging highly stereotypical dynamics, appeared to be unrelated to theatidarbeing
communicated (e.g., a slight tightening of the lip corners [AU 14] every timeieipant closes

her mouth). For this reason, movements were judged to have these charadrestoder

investigate its effect on any personality factor in particular, the agprfacombining the

attributes of extraversion and neuroticism in one variable does not present a problem.
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were not scored. Before scoring the dataset for this study, codersqutaciiring video data
that were not analyzed in this study until adequate intercoder religbilfybased on the
standard FACS formula was achievéd.

The standard FACS formula is specified in the Investigator’'s Guide to ted Ration
Coding System (Ekman, Friesen, & Hager, 2002a) and used in many studies uth@ig F
(Ekman & Rosenberg, 2005): intercoder reliability = (the number of AUs on which dadéinsc
agree) x 2 / (the total number of AUs scored by both coders). For example, ihagerd was
scored “AU 6+7+12" by coder A.D. and “AU 6+12” by coder D.M., the number of AUs on
which both coders agreed (AUs 6 and 12) and the total number of AUs scored by both coders
(AUs 6, 12, 6, 7, and 12) for that event are two and five, respectively. Thus, for these event
scores, agreement index =2 x 2 /5 = 0.8. If an event was coded by one but not the other coder,
agreement for that event was 0.

Variables based on FACS codinBy using FACS, the values of three variables -- AU

Complexity (average number of AUs in an AU configuration), AU Labilioyalt number of

facial events), and AU Variability (number of different facial evEits were determined for

16 The data used for practice scoring were the video segments of particspansngry,
and neutral monologues. During this practice phase, coders met after scetiog 3-4
segments to resolve disagreements in their FACS scores. If the avesagediert reliability
across the segments in a set was below .7, the next set of 3-4 segments wouktEnsicen
on. After scoring 10 video segments of 1-2 min duration each, the average inteztaddgity
across the last segment set of .74 was achieved.

17 A hypothetical example may clarify the distinction between AU Lglalid AU

Variability. Whereas all instances of the same event were counted whelatoadcAU
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each video segment. The choice of the three variables, AU Lability, AU Mayiaénd AU
Complexity was based on two considerations. First, to avoid excessive reductetistt st
power, only three variables were selected. Second, to avoid redundancy, variableasiae m
facial activity on different scales were chosen. On a macroscopic saase alctivity consists of
facial events that unfold over time and may be interspersed with time periodsiahe
observable facial activity is produced (AU 0). By measuring the total numkexialff events
and the number of different facial events, AU Lability and AU Variabildathbassessed the
richness of facial activity on this gross scale. Despite this conceptulrgynmeach of these
two variables measured unique aspects of facial movement and thus was deemed t@blid val
information that was not assessed by the other variable. On a more microscepiddcal
Complexity represents the average number of AUs in an AU configuration. The vahaesh of
segment on each of three variables -- AU Lability, AU Variability, akd@omplexity -- along
with the Overall+, Pers+, and Beh+ scores, were submitted to a sthtasiatysis, as described

in the Data Analyses subsection below.

Lability, each event was counted only once when computing AU Variability. , fihusa video
segment, event “AU 1+2+5” changes to event “AU 1+2+4,” then changes to everit+2t5b,”
and then changes to event “AU 1+2+4,” the total number of events in that segment iBHasir
four is the value of variable “AU Lability” for that segment. The number d¢tint facial

events in the segment is two (“AU 1+2+4” and “AU 1+2+5”). Thus, the value of variable “AU
Variability” for that segment is “2.” It should also be noted that AU 0 (the absermtesefvable
facial activity) was not considered to be a facial event or AU configuratitims study. The
definition of AU Lability in this study differs from the definition of variabledtility” in some

studies (e.g., Camras et al., 1998).
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Calculation of intercoder agreemenfto ascertain adequate intercoder agreement,

another FACS-certified coder, D.M., independently coded 24 of 112 coded segments (21%)
Studies using FACS (e.g., Simons et al., 2003) commonly determine intercodenegrbased
on similar percentages of a dataset. The set of 24 segments used in verifyoglante
agreement were created by a research assistant by randomiyngdheee segments of LSVT
participants at Time 1 and at Time 2 and then repeating the same procedure with ARTI
Untreated, and Control groups. After both coders completed scoring the datasetjante
agreement was calculated based on coders’ FACS scores of the samevéat&l(i.e., coders’
scores that began within 1 s of one another and ended within 1 s of one another) after performing
the following three steps.

First, disagreements in which one of the coders scored one continuous event, whereas th
other coder scored two identical events separated by a brief gap, were @xadudéhe
calculations of intercoder agreement. Such discrepancies likely resulteddtbrmoders seeing
the same event, with one coder judging that the event briefly decreased irtyintattsthe other
coder judging that the event ended and was quickly followed by an identical eveatus&éd)
intensity was not examined in the present study, such discrepancies were red esunt
disagreements in the calculations of intercoder reliability if the gapelea the two identical
events was less than 1 s. Instead, it was considered that both coders scored twbeadents
in these instances. Overall, less than 4% of the reliability coder’s (D MJscores (20 AU
scores out of the total of the coder’s 565 AU scores) contributed to such disagreemeonts, Se
AU scores for the entire dataset were grouped into facial event ¢sees®otnote 10)
according to the guidelines in the FACS manual. Third, the scores of faciéd évat can be

very difficult to distinguish during speech were combined into one score beforeatalgul
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intercoder reliability. Specifically, the following events were notiniigiished when calculating
reliability: AU 17 (chin raiser) versus AU 17+24 (chin raiser + lip prgsgds 14 (dimpler)
versus AU 14+24 (dimpler + lip presser), and AU 18 (lip puckerer) versus AU 18+23 (lip
puckerer + lip tightener). Because the present study hypotheses did not conoenuthences
of specific facial events, not taking into account coders’ disagreementdinggidye distinctions
between these similar events when calculating intercoder reliabilitpegappistified. Overall,
less than 4% of disagreements (five out of the total of 144 disagreements) werelgue
similarity of these events. After performing these three steps,yijpes df intercoder agreement
were calculated: the percentage of agreement on the occurrence of ai&veéné percentage
of events scored by the primary coder that were scored by the reliabdéay a® well),
intercoder agreement in judging the onset and offset times of facial eveattsll intercoder
reliability, and various indices of intercoder reliability specific todependent variables of this
study -- AU Lability, AU Variability, and AU Complexity. Theseragment measures were
calculated as follows.

The percentage of agreement on the occurrence of events was calculated as follows
First, the percentage of events scored by the primary coder that were sctireddiability
coder was calculated for each video segment (e.qg., if the reliability sooleed 18 out of 20
events scored by the primary coder in a given segment, this percentage was 20% [18]
for that segment). Second, the percentages of agreement for each segmevenaged across
segments. The resulting average (i.e., the overall agreement on the oecaferents) shows
coders’ agreement in scoring facial events, regardless of whether acodarsscores are

composed of the same AUSs.
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The difference between the onset times of the coders’ scores of the same avent, w
determined for each event scored by both coders. Next, the differences betwwesethienes
were averaged across all pairs of events scores. The mean differeveentbe offset times
was calculated using the same procedures. These measures indicage fabiethevents that
were scored by both coders were judged to begin (and end) at the same time.

The overall intercoder reliability was calculated using the standard Fé&@Gfsila (see
the Scoring Process subsection in the Method section). After calculatirapdeereliability for
each segment, these reliability values were averaged to determine ioveratider reliability.
This measure is based on the agreement index of each event score and is repodeky
intercoder reliability measure in studies using FACS (Ekman & Rosenberg, 200&)edts
both coders’ agreement whether a facial event occurred and coders’ agresgasting the
AUs composing this event.

Finally, to calculate the agreement indices specific to the dependerlesuad this
study, it was first determined, separately for each variable, whetheisthibution of a given
coder’s scores (i.e., each score indicating the value of a given segment ondedepeasure,
such as AU Lability) met the assumption of normality underlying the use of paratests.
Because for each variable, the distribution of one or both coders’ scores violated tHgynorma
assumption, the distributions on each dependent measure were rank-transforntetheNex
intraclass correlation coefficients between the rank-transformeessobone coder and those of
the other coder were determined.

Data Analyses

Preliminary analyses.
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Testing assumptions underlying parametric tests Before comparisons of group

means in this study (see the Main Analyses and Additional Analyses subgegtoms
conducted, it was determined whether the contrasted score distributions met tHgynancha
homogeneity of variances assumptions. To test the homogeneity of variancgstiassam
modified O’Brien’s procedure (Ramsey, 1994) was performed on the compared score
distributions. This procedure has been shown to result in a better control of Type ¢and I
rates than other procedures for comparing the variances of two independent populatiosey(R
& Ramsey, 2007; Ramsey, 1994). If all distributions met both assumptions, an ANGVA wa
carried out to compare the group means. If either of the assumptions was not met, a
nonparametric Welch-James procedure (Lix & Keselman, 1995) was performed toetmepa
means.

The Welch-James (WJ) procedure is robust to the violation of the assumption of
homogeneity of variances (Lix & Keselman, 1995) and can be used for both repeated-
independent-measures designs (Keselman, Algina, & Kowalchuk, 2001; Lix & Kas€el®05).
Because of its robustness, the WJ procedure, relative to ANOVA, results ieracbattol of
Type | errors and a nearly equivalent control of Type Il errors when susngion is violated.
Because, to our knowledge, a satisfactory method for testing this assumptiat hasn
devised for repeated-measures designs (Wilcox, 1990), the WJ procedure is moagaduant
than ANOVA for testing Hypothesis 1. In addition, it is better suited for tegeaeasures
designs with unequal group sizes, such as the ones in this study, than other robust #ests tha
used to detect significant differences among the means of dependent gesgiman, Algina,

& Kowalchuk, 2001).
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Creating canonical variates. AU Lability, AU Variability, and AU Complexity were

used as the dependent variables in the validation of facial movement impairment esére pr
PD patient sample, and changes in these variables from Time 1 to Time 2 (AltyLsabNU
Variability A, and AU Complexity\) were used as the dependent variables in the tests of
Hypothesis 1 (i.e., the hypothesis that LSVT, relative to articulation tegéton no treatment,
alleviates facial movement deficits in PD). Pearson correlations beAtééability and AU
Variability (see Table 5) and\U Lability A and AU VariabilityA (see Table 6) were high,
suggesting that these two variables may measure strongly overlappiots adgacial
movement and provide similar and possibly redundant information. This means that gnalyzin
them separately may also be redundant. To address this issue, the dependerst war@ble
combined into one variable, termed canonical variate, via a discriminant functiosisinaly
(DFA). Specifically, as detailed in the Results section, AU Lability,\Aariability, and AU
Complexity were combined into a canonical variate CV_FM to validate facial nemtetaficits
in the present PD patient sample. Similarly, AU LabityAU Variability A, and AU
ComplexityA were combined into a canonical variate CV_H1 to test Hypothesis 1.

Main and exploratory analyses.

Because very little is known about the effect of LSVT on facial movementingrhis
study to the examination of few variables or relationships would not be justifisting the
same hypotheses with a wider range of facial mobility measures éisticstlecomparisons may
provide valuable information for subsequent, more targeted studies. Thus, the tests of
Hypotheses 1, 2a, and 2b included both main and exploratory analyses.

Validation of facial movement deficits in the sample of PD patientsBecause

Hypotheses 1 and 2c of this study are based on previous evidence showing the preaeiate of f
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movement deficits in PD patients, the analyses ascertaining the presémesealeficits were
carried out first. Specifically, the facial mobility of 45 PD participantBime 1 (before
treatment) was compared to that of 11 age-matched control participants on eaclooif th
dependent variables: AU Variability, AU Lability, AU Complexity, and CV_.FVb this end, a
one-way WJ procedure with Group (PD patients versus controls) as a betwesstssialotor
was performed, separately for each dependent variable.

Tests of Hypothesis 1.

Main analyses.Hypothesis 1 (i.e., hypothesis stating that LSVT, relative to ARTIC and

no treatment, reduces facial mobility deficits) was probed by performamped intergroup
comparisons on four dependent variables: AU LabllitAU Variability A, AU ComplexityA,
and CV_H1. Specifically, for each dependent variable, a separate one-way Bdupeogas
performed to contrast the mean of three non-LSVT groups (ARTIC, Control, andtgdjrea
with the mean of the LSVT group (Contrast 1). Similarly, for each dependerilgaaa
separate one-way WJ procedure was performed to contrast the mean of thgrb8yWwith the
mean of the ARTIC group (Contrast 2). As discussed earlier, these coneestdesigned in
order to test as directly as possible whether, as Hypothesis 1 predicts gsdnethe facial
mobility of the LSVT patients exceed those of the other participants. Asdhstép, analyses
of covariance were performed to determine whether eliminating thet effextraneous
variables (e.g., participant’s education level) affected the signifrezults revealed in Contrasts
1 and 2.

Exploratory analysesThe exploratory analyses of Hypothesis 1 were motivated by three

aims. The first aim was to further test Hypothesis 1 by performing addiitrdesgroup

comparisons. For instance, Hypothesis 1 predicts that changes (from Time 1 ®) Tnrttee



49

facial mobility of the LSVT patients are greater than those of the uatkr®42 patients. Because
the main analyses of Hypothesis 1 were limited to comparing the groups viasBohtaad 2,
this prediction was not tested directly in the main analyses. Testing tHistiore on each facial
mobility measure provided additional evidence regarding which facial mo&dggcts change
as a result of the LSVT. In addition, to rule out the possibility that permanergrmip
differences in facial mobility confounded the tests of Hypothesis 1, the relatengroup
comparisons were performed again, with AU VariabiifyAU Lability A, and AU Complexity

A measured as a proportion of the participant’s overall level of facial nydfaithier than in
absolute terms (see below).

The second aim was to examine whether the magnitude of facial movement changes in
the LSVT group depended on the characteristics of a patient. For instance, sthtepgbst
LSVT had a greater effect on a certain patient segment (e.g., patiantsoae advanced Hoehn-
Yahr stage).

Finally, the third aim of the exploratory analyses was to replicaterttimds of the DFA
(discriminant function analysis), a statistical method used to combine fiaai@ment measures
into CV_H1, in a more homogenous sample that consisted entirely of PD patients. Such
replication would provide additional support that the high coefficients of AU Vatiahiland
AU Lability A in the CV_H1 formula reflected LSV T-related changes in facial vaitialihd
lability rather than the idiosyncrasies of our participant sample.

Tests of Hypothesis 2a.

Main analyses.To test Hypothesis 2a (i.e., the hypothesis stating that observers’ negative
perceptions of PD patients that were obtained in earlier studies would batezplicthis study),

a separate one-way WJ procedure with Group (PD patients versus controls) asea-betw
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subjects factor was performed on each dependent variable: Overall+, lrer8eha. To avoid
confounding the effects of treatment with those of PD, only Time 1 ratingsemégred in the
analysis. Next, analyses of covariance were carried out to examine wdigtheating the
influence of extraneous variables (e.g., observer gender, Set [i.e., whichairtlett of clips
was shown to an observer]) affected the outcomes of intergroup comparisons.

Exploratory analysesThree sets of exploratory analyses of Hypothesis 2a were

conducted. The first set explored which aspects of personality and behavigensiged to be
more negative in PD patients than in others. These analyses aimed to provide darlede de
description of the negative impressions with which this clinical population is pedceio this
end, the raw ratings of PD patients were contrasted with those of controls onrsacialgs

and behavior scale. The second and third sets of analyses investigated whetkier abhd
participant characteristics, respectively, played a role in the negatoeppens with which PD
patients were perceived. To address this issue, the effect of such cistie{erg., gender and
time since PD diagnosis) on Time 1 ratings was examined.

Tests of Hypothesis 2b.

Main analyses.To examine whether, as Hypothesis 2b predicts, LSVT, relative to the

articulation treatment or no treatment, reduces observers’ negativetm@rsef PD patients,
changes (from Time 1 to Time 2) in observers’ ratings of LSVT patients @oenpared with the
ratings of other patients. Namely, changes in the ratings of the LSVT groegoevérasted
with those of the non-LSVT groups (Contrast 1) via a WJ procedure, separatelyhforf gz
three rating types (Pers+, Beh+, and Overall+). Similarly, changés ratings of the LSVT
group were contrasted with those of the ARTIC group (Contrast 2) via a WJ procedure,

separately for each of the three rating types (Pers+, Beh+, and ®yeNdixt, analyses of
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covariance were conducted to determine whether eliminating the effextraheous variables
affected the results of these contrasts.

Exploratory analysesTwo sets of exploratory analyses of Hypothesis 2b were

conducted. The first set of analyses examined more thoroughly whether vamaél€lime 1
versus Time 2) had an effect on the ratings of each participant group. Becausst€adrand 2
were targeted to identify specific Time x Group interactions, they do not de¢ewithin-group
effects of variable Time. Such effects may qualify the lack of signifieti@tts in the main tests
of Hypothesis 2b (i.e., hypothesis stating that the LSVT improves the negatiesawpis of
PD patients) and have implications for future studies. To reveal such effectgredditi
comparisons that were not included in the main analyses were carried out.

The second set of analyses explored whether the magnitude of the LSVats effe
depended on patient characteristics. To investigate this question, the effeseof the
characteristics on the amount of change (from Time 1 to Time 2) in the ratitgsLEBVT
group was probed.

Tests of Hypothesis 2cBased on Hypothesis 2c (i.e., the hypothesis that the effect of

LSVT, relative to untreated patients, on the ratings of PD patients is mediatkdriges in
facial movement parameters), a mediation model, shown in Figure 2, was hygeuthelo test
the model, mediation analyses were performed according to the modifiedsprstedure
recommended by Shrout and Bolger (2002). These researchers showed that bgttaking i
account the violation of normality in the distribution of certain parameters in tii@tne
model, this six-step procedure is more powerful than the classical approach tbomedhalysis
that does not account for this violation. The procedure includes the testing ofi@yres

equations as well as bootstrap methods and can be conducted in SPSS (StatistigalfBathe
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Social Sciences) by using the appropriate programming syntax. The preceeidoemed to
test the mediation model of change in participants’ Overall+ scorestarked@ext. Identical
steps were conducted to test the mediation models of changes in participesttsaid Beh+
scores.

Step 1 is to determine whether changes in an independent variable are assdbtiated w
changes in an outcome variable. In the present model, the independent variaiimentre
status (LSVT versus Untreated), and the outcome variable is the Ovatailys. To carry out
Step 1, the mean Overall+ rating of the LSVT group was contrasted with thatdhtreated
group via a WJ procedure. Step 2 is to determine associations between the indepaatént var
and mediators (i.e., facial movement measures). To perform Step 2, the mean &The LS
group was contrasted with that of the Untreated group via a WJ procedure, sgfaratath
mediator. This step revealed whether patB$raum, a svr-Lab, and_asvt-var, Were significant.
Paths that were not significant and the mediators that were not influenced @paths were
dropped from the model as suggested by Shrout and Bolger. Step 3 is to determineagssociati
between outcome variables and mediators. To perform this step, changes in tHe Sxanes
were regressed on each of the mediators remaining in the model while holdingaherrga
paths constant. This was done separately for each of the remaining mediadors via
nonparametric least trimmed squares regression. Because Step 3 showed thateone of
remaining_bpaths were significant, Steps 4-6 were not performed in accordance with Shrout and

Bolger’'s recommendatioris.

18 If Step 3 revealed at least one significant b path, Step 4 would be to test the
significance of the mediated effect via the remairagdb paths by using bootstrap methods.

Step 5 would be to determine whether the direct effect of treatment on the outcahke vari
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Results
Analytic Strategy

The results of this investigation are detailed in the next five sections.ir3theettion
presents various indices of intercoder reliability. Because Hypothesd2t ahthis study are
based on previous evidence showing the presence of facial movement deficits treR{3,dhe
second section describes analyses aimed to ascertain the presence efittiessi dhe present
PD patient sample. The third section describes the results of analysesHggtiothesis 1,
which predicts the alleviation of facial movement deficits as a result\6T LS he fourth
section reports the results of analyses examining Hypotheses 2a and 2ly, thim#dist section
details the results of analyses probing Hypothesis 2c.

Given the exploratory nature of this study, it was decided to thoroughly exansine thi
dataset rather than to limit the analysis to few statistical comparigimss, besides the planned
comparisons discussed in the Method section, a number of exploratory analysperioeneed.
For this reason, where appropriate, the sections are divided into the “Main Ahalydes
“Exploratory Analyses” subsections. As the goal of the exploratory asalyas to provide
preliminary findings for replication in future studies, the statisticaliBg@nce levels of these
analyses were not adjusted for multiple comparisons. Such adjustments would haedlgrast

reduced statistical power making the discovery of potentially importatihga unlikely.

significant (patic’ in the model) by regressing the outcome variable on the independent variable
while holding any significarh paths constant. If the effect of treatment status on Overall+
scores were mediated by a change in facial movement (i.e., one oa mbngaths in Step 4 are
significant), and there were no strong evidence of suppression effects, Stafihe/to assess

the strength of mediation effect. See Shrout and Bolger (2002) for further detail
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Because these adjustments were not made, the Type | error rate for tnatexphnalyses is
considerably higher than its conventional level of 5%. Thus, the results of theseandll be
interpreted most cautiously.
Intercoder Agreement

Overview of analyses.Before calculating the indices of intercoder agreement,
procedures detailed in the Calculation of Intercoder Agreement subsecddhgddethod
section) were performed. For all intercoder agreement calculations,’camtees that began
within 1 s of one another were considered to be the scores of the same facial evisrgectibn
reports four measures of intercoder agreement: the percentage ofe@grearthe occurrence of
an event (i.e., the percentage of events scored by the primary coder that wextdgcbe
reliability coder as well), intercoder agreement in judging the omskbfiset times of facial
events, overall intercoder reliability, and various indices of intercodebilglisspecific to the
dependent measures of this study -- AU Lability, AU Variability, and Adth@lexity.

Agreement indices. The percentage of agreement on the occurrence of an event was
81% ranging from 3 to 100% for a given segment. For 50% of participants (12 out of 24), the
percentage of agreement on the occurrence of an event was 95% or greater.raljee ave
differences between the onset and offset times were 0.17 s (ranging @ 0.96 s) and 0.58
s (ranging from 0.00 to 0.98 s), respectively. The average overall intercodeititg| based on
the standard FACS formula for intercoder agreement (see the Scoragg$subsection in the
Method section), was .71 ranging from .26 to 1 for a given segment. The overatideterc
reliabilities in scoring the video segments of PD patients (n = 18) and normallsdnte 6) --
.73 and .64, respectively -- were not significantly different,.p0, suggesting that the reliability

of coding did not depend on whether a participant in a segment had PD. To examine whether the
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coding of facial movements produced by advanced PD patients was more or |bkstredia
that of facial movements produced by PD patients in the early disease stagesatson
correlations were computed. First, the overall intercoder reliabilityegdior each segment of a
PD patient's monologue (n = 45) were correlated with the Hoehn-Yahr statesefpatients.
Second, the overall intercoder reliability values were correlated withtthiatdas elapsed since
the diagnosis of each PD patient. Neither correlation was significani,(y suggesting that the
severity of PD did not affect the reliability of coding. The intraclass @iroel coefficients
between one coder’s scores and those of the other coder were .80, .75, and .60 for Al Lability
AU Variability, and AU Complexity, respectively.
Facial Movement Deficits in the Present Sample of PD Patients

Overview of analyses.This section describes the results of analyses testing whether
facial movement was impaired in the present PD sample. To this end, the facidlyrobb
PD patrticipants at Time 1 (before treatment) was compared to that of hiaégeed control
participants. Three measures of facial movement, that is, AU Lability(imer of facial
events in a monologue clip), AU Variability (the number of unifaggal events in a monologue
clip), and AU Complexity (the average number of AUs occurring simultaneduslyg a facial
event), were examined. As discussed in the Method section, these variablesoserebased
on previous studies showing group differences on these measures (e.g., CamrE898)a
The means on these three measures at Time 1 and Time 2 are shown in Figures &teahd T
for each participant group. Pearson correlations among these variables vathof tee two
groups (PD patients and control participants) are shown in Table 5. In addition, based on a
rationale explained below, we compared the means of PD patients and controls an a linea

combination of these three variables, termed a “canonical variate.”
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Thus,the analyses of parkinsonian facial movement involved three steps. First, the
difference between the means of two groups (PD patients and controls) on eautedéep
variable was tested for statistical significance. Second, three depeadehtes were combined
into a canonical variate via a discriminant function analysis (DFA).lIf#inke difference
between the group means on this variate was tested for statistical sigficas shown below,
these analyses confirmed that the facial mobility of PD patients wasea@ relative to that of
controls.

Statistical comparisons of group means on AU Lability, AU Variability, and AU
Complexity. To determine whether parametric procedures could be performed to compare the
group means, the normality and homogeneity of variance assumptions underlymgtpara
tests were tested. The modified O’Brien’s procedure (Ramsey, 1994, seetlhloe Bkction)
showed that the variance of AU Variability scores was not homogenous across treups
(PD patients and controls)(F, 54) = 5.76, = .02. In addition, there were positive skew and
kurtosis in the AU Lability and AU Variability score distributions of PD patigpt= 2.04,y, =
5.47 for AU Lability andy; = 1.15,y, = 2.61 for AU Variability) and in the AU Complexity
score distribution of controlg{= 1.54,y, = 1.36). Thus, a nonparametric Welch-James (WJ)
procedure (Lix & Keselman, 1995) was carried out to contrast the mean of PD patiants &

versus that of controls, separately on each dependent vdriaBEmpared to other

19 Statistical analyses were carried out to examine whether the means Dfgremps
on each dependent variable at Time 1 were similar. Given the violations of theityormal
assumption in the score distributions on all dependent variables, a WJ procedurgie@sct

for this purpose, separately for each dependent variable. For each dependert vagiatiiect
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nonparametric tests, this procedure was shown to result in low Type | and Tyoe thtes

(Roth, 1988), is robust to the violations of normality and homogeneity of variance assampti
(Lix & Keselman, 1995), and can be used for both repeated- and independent-meagnes des
(Keselman, Algina, & Kowalchuk, 2001).

A WJ procedure revealed that the AU Lability mean of controls (M = 15.27, SD = 10.98)
was significantly greater than that of PD patients (M = 7.27, SD = 7.GB)1E.34) =5.36, p
.04, ES = 1.15. In addition, the difference between the AU Variability mean of contrels (M
7.00, SD = 4.77) and that of PD patients (M = 3.80, SD = 2.79) was marginally signifidant, F
12.09) = 4.50, = .055, ES = 0.88° The AU Complexity means of the PD (M = 1.51, SD =
0.79) and Control (M = 1.83, SD = 0.97) groups were not significantly differéht1B.13) =
1.22, p=.29.

These results suggest that in partial support of our predictions, the facial moeémBEnt
patients is impaired on some but not all facial movement variables. Spegiticallability and,
possibly, variability, but not complexity, of facial expressions in PD isfsignily lower than
the same parameters of facial expressions in controls. However, it magubd that because
the correlation between AU Variability and AU Lability is high in all thde¢asets, these two
variables measure strongly overlapping aspects of facial movement amdeionilar and

possibly redundant information. This means that analyzing them separatefs dene in the

of Group was not significant (allyalues > .10) showing that three patient groups did not differ
significantly in terms of facial lability, variability, and complexay Time 1.

20 The alpha level of .05, two-tailed, was used for testing statistical sagra@ in the
present study. However, in keeping with the exploratory nature of manyesdigsussed in

this dissertation, trends associated with_thalpies in the .05-.10 range will also be reported.



58

preceding contrasts, may also be redundant. To address this issue, three depaatiEs
were combined into one variable via a discriminant function analysis (DFA) anicthes of
two groups (PD patients and controls) were statistically compared on tiftengegariable?!
Discriminant function analysis. The DFA is a statistical procedure for creating new
dependent variable(s) on which participant groups -- or, more generally, treedéael
independent variable -- differ the most. Each new variable, termed a canonatal (@Y), is a
linear combination of the original dependent variables. Expressed mathemaiiva# a*DV 1
+a* DV, + ... + @* DV, where D\, ..., DVare n dependent variables and.a, a are
coefficients determined via the DFA. The number of CVs produced by the DFA id@thz
number of levels of the independent variable minus one or the number of original dependent
variables, whichever is less. Unless a CV is statistically signifi@as indicated by the
corresponding {value, one cannot be confident that it provides the best discrimination among
the groups.
To calculate the first CV, the entire variance of the dependent variabkedisuthe
DFA. To compute the second CV, the variance that is not captured by the firsutiMesl.
Because in the calculation of a CV, only the variance not captured by the pgeC¥dims used,

CVs produced by the DFA are orthogonal (i.e., statistically independent), agreéddés among

21 Although AU Complexity was not highly correlated with other dependent megaisures
was entered in the DFA because it was deemed that the more dependent vae@nltsea in
this procedure, the more accurate its results will be. To rule out the possilaitientering AU
Complexity in the DFA confounded the present findings, only AU Variability and AU ibabil
were entered in the DFA, and all analyses based on the results of this proca@urepsated.

All the results of these analyses remained the same.
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averages on one CV have no relation to differences among averages on another. Thus, unlike
statistical comparisons on highly correlated dependent variables, compansthiesCVs
generally do not provide redundant information.

To mitigate the difficulties presented by the highly correlated dependeaables, a DFA
with a between-subjects factor PD Status (PD patients versus controf) drability, AU
Variability, and AU Complexity as three dependent variables was pextbtofind the CVs
providing the best discrimination between PD patients and controls. Only the firde@Gdted
henceforth as “CV_FM,” was significant and had the following coefficients:

CV_FM = 0.68*(AU Variability) + 0.50*(AU Lability) - 0.30*(AU Complexity).
Guidelines for interpreting canonical variate equations recommend thatiemg$f with an
absolute value of 0.40 or greater be considered high suggesting that variables with such
coefficients contribute meaningfully to the resulting CV (Stevens, 1996 onknast, when the
absolute value of coefficients is 0.30 or less, the contribution of the correspondingegasabl
generally considered trivial. Thus, similar to group comparisons on the origpeaiaknt
variables (AU Lability, AU Variability, and AU Complexity; see the mémg subsection), the
CV_FM equation suggests that higher facial variability and lability ofrotmtrelative to PD
patients (see Figures 3-4 and Table 5), provided the best discriminationrb&teé®o groups.
In contrast, the mean complexity of facial movement (see Figure 5) did fesedtfate well
between the patients and controls. To confirm the presence of facial movemzts ishefi D
patients, the CV_FM means of these two groups were statistically comparegpeed next.

Statistical comparison of CV_FM group means.The CV_FM means of PD patients

(M =5.76, SD = 5.19) and normal controls (M = 11.85, SD = 8.56) are shown in Figure 6.
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These means were contrasted via a WJ proc&uineh revealed that the CV_FM mean of
controls (M = 11.85, SD = 8.56) was significantly higher than that of PD patients (M = B.76, S
=5.19), K1, 12.05) = 5.11, p .04, effect size (ES) = 1.633.This finding suggests that the
variability and/or lability of facial movement is lower in PD patients tharomtrols.

In sum, the significant differences between the group means on the original dependent
variables (AU Lability, AU Variability, and AU Complexity) were corsist with the group
differences on the CV_FM. Both sets of analyses demonstrated that comparedrtatehed
controls, PD patients showed a decreased range of facial expression (ieaselt&U
Variability) and changed facial expressions less frequently (i.eeawssi AU Lability). In
contrast, the complexity of facial expression did not significantly diffexéet PD patients and
age-matched controls.

Hypothesis 1. LSVT, Relative to ARTIC or No Treatment, Reduces FacidWobility Deficits

22 Nonparametric WJ procedures were chosen for intergroup comparisons because the
score distributions compared in these tests violated the homogeneity of vandmmgraality
assumptions. Though the modified O’Brien’s procedure showed that the homogeneity of
variance assumption was satisfiedl, 54) = 3.23, > .10, the CV_FM score distribution was
positively skewed and leptokurtic in the PD group £ 1.60,y2 = 3.33) violating the
assumption of normality.

23 Statistical analyses were carried out to examine whether the CV_Fh4 ofg¢he PD
groups were similar. Given the violations of the normality assumption in the CV_d¢#®l sc
distributions, a WJ procedure was carried out for this purpose. The effect of Group was not
significant (pvalue > .10) showing that the CV_FM means did not differ significantly across

three patient groups.
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Overview of analyses.To test Hypothesis 1, changes on facial mobility measures from
Time 1 to Time 2 were compared across four participant groups. Changes in Aty LAbil
Variability, and AU Complexity from Time 1 to Time 2 (AU Lability, AU Variability A, and
AU ComplexityA) were used as the dependent variables in the analyses, and their mean values
are shown in Figures 7-9. As shown in Table 6, AU Labilignd AU VariabilityA were
highly correlated. Thus, the same analytic approach as in the preceding seditre(
“Overview of Analyses” subsection of the “Facial Movement Deficits in tliesdht Sample of
PD Patients” section) was followed. Namely, to eliminate the potential renleyatathe
information provided by the highly correlated variables, the participant groupscoepared
not only on AU LabilityA, AU Variability A, and AU Complexity\, but also on a canonical
variate (CV) derived from these variables. This CV was the linear cotinrd these
variables that allowed the best discrimination of LSVT patients versus othierpaents in terms
of facial mobility changes from Time 1 to Time 2. As noted earlier, the asabfHypothesis 1
were divided into the main and exploratory analyses. To prevent inflating the &gpe fate,
the main analyses were limited to performing only planned intergroup contrast€gintrasts 1
and 2, described next), whereas the exploratory analyses included othert rebevparisons.
Hypothesis 1: Main analyses.The main tests of Hypothesis 1 were carried out in four
steps. In Step 1, Hypothesis 1 was probed by performing planned intergroup comparisons on the
three dependent variables: AU Lability AU Variability A, and AU ComplexityA.
Specifically, Contrasts 1 and 2 were performed separately on each dependerd. vasahle
reader may recall, the mean of the LSVT group was statistically cothp@tfethe mean of
three non-LSVT groups (ARTIC, Control, and Untreated) in Contrast 1, and the mean of the

LSVT group was statistically compared with the mean of the ARTIC groupmtr&st 2. As
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discussed in the Method section, these contrasts were designed in order to testhagslir
possible whether, as Hypothesis 1 predicts, increases in the facial moltiieyLIBVT patients
exceed those of the other participants. In Step 2, a DFA was used to combine Aty Aabili
AU Variability A, and AU Complexityh into a CV (canonical variate). In Step 3, the group
means on the CV that was obtained in Step 2 were compared via Contrasts 1 and 2. In Step 4,
analyses of covariance were performed to determine whether elimirtaiefféct of extraneous
variables affected the findings obtained in Step 3.

As detailed below, in support of Hypothesis 1, the obtained findings suggested that the
LSVT patients, as compared to the ARTIC and other participants, demonstratediea gr
increase on the facial variability and lability, but not complexity, of fan@ement. Moreover,
no extraneous variables accounted for these intergroup differences.

Step 1: Intergroup comparisons of AU Variability A, AU Lability A, and AU

Complexity A group means. A WJ proceduré was performed to compare the group means via

24 Nonparametric WJ procedures were chosen for statistical testing bétwassere
distributions compared in these tests violated the assumptions underlying the usenetia
tests. Although the modified O’Brien procedures showed that for each varmble, t
homogeneity of variance assumption was met (atlpes > .10), five score distributions
violated the assumption of normality. Specifically, the AU Labiktglistribution was
negatively skewed and leptokurtic in the Contydl £ -0.85,y2 = 1.37) and Untreated groups
(yl =-1.97y2 = 7.91),andthe AU VariabilityA distribution was negatively skewed and
leptokurtic in the ARTIC groupy@ =-1.87y2 = 4.47). The AU Complexiti distribution was
negatively skewed and leptokurtic in the ARTIC groub £ -1.14,y2 = 1.95)and positively

skewed and leptokurtic in the LSVT groufd & 2.36,y2 = 8.15).
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Contrasts 1 and 2, separately on each dependent variable. The results of thesswmgpar
reported next. Besides Contrasts 1 and 2, other relevant intergroup comparisqreyfoaresd
to more comprehensively examine the dataset. However, because thesaaduithparisons
were post hoc, their results are reported in the “Exploratory Analyses” sohdsslow.

Contrasts 1 and 2 performed via a WJ procedure showed that the AU Compleran
of the LSVT group (M = 0.40, SD = 1.31) was not significantly different from that afttier
groups combined (M =0.12, SD = 0.71)1F18.72) = 0.48, g .50, or that of the ARTIC group
(M=0.11, SD =0.57), @&, 24.63) = 0.57, p .46. For AU VariabilityA, the mean of the LSVT
group (M = 1.81, SD = 3.04) was significantly greater than that of the other groubmedr(iv
=-0.78, SD = 2.62),#, 25.52) = 8.48, g .01, ES = 0.81. The difference between the AU
Variability A means in the LSVT versus ARTIC (M = -0.58, SD = 3.15) groups was marginally
significant, K1, 23.38) = 4.09, g .06, ES = 0.76. For AU Labilit, the mean of the LSVT
patients (M = 5.00, SD = 8.23) was significantly greater than that of the other goonpsed
(M=-1.43,SD =6.87),#, 27.65) = 4.88, p .04, ES = 0.72. The AU Labilitx mean of the
LSVT group was not significantly different from that of the ARTIC group (M.25, SD =
6.68), K1, 24.91) = 2.13, g .16.

Taken together, these results provide moderate support for Hypothesis 1. Namely,
changes (from Time 1 to Time 2) in facial variability and, to a lessenteXability, were
consistent with Hypothesis 1 resulting in the statistical significancewtr&st 1 (LSVT versus
all other groups) and, in the case of facial variability, Contrast 2 (ARTIC vEBWE).
However, neither contrast was significant in the analyses of the compéfatyial expression.
To minimize the possible redundancy that may result from the high correlatioeeneflJ

Variability A and AU LabilityA, the three dependent variables were combined into a canonical
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variate (CV) via a discriminant function analysis (DFA), as described ndtttouyh AU
ComplexityA was not highly correlated with other dependent variables (see Table 6), it was
included in the DFA for reasons stated in footnote 21.

Step 2: Discriminant function analysis. A DFA with Group as a between-subjects

factor andAU Variability A, AU Lability A, and AU ComplexityA as dependent variables was
carried out to find CVs that provided the best discrimination among the four partigipaps.
Only the first CV, denoted henceforth “CV_H1,” was significant and had the folgppwi
coefficients:

CV_H1 = 0.78*(AU VariabilityA) + 0.37*(AU Lability A) - 0.11*(AU ComplexityA).

Similar to the preceding analyses, the high equation coefficients of Aldbiay A and
AU Lability A suggest that changes in facial variability and, to a lesser extentylabili
discriminate best among the four groups. It appears that increases indhaisies were
observed in LSVT patients, but not other participants (see Figures 7-8). Irstaiteanges in
the complexity of facial movement did not differentiate the LSVT patieats the other groups.

Step 3: Comparisons of CV_H1 group meansWJ procedurés were performed to

contrast the LSVT group mean versus the mean of three other groups combined (i.ast Cpntr

and of the LSVT group mean versus the ARTIC group mean (i.e., Contrast 2). A WJ pocedur

25 Nonparametric WJ procedures were used for intergroup comparisons because the
score distributions compared in these tests violated the assumptions underlyiregdhe us
parametric tests. Specifically, Box’s M tel5¢18, 7198) = 1.09, p .10, showed that the
homogeneity of variance assumptions was satisfied. However, the assumptianalitpovas
violated: the CV_HZ1 distribution was negatively skewed and leptokurtic in the ARTIE {

1.67,y2 = 3.77) and Untreated groupd & -1.19,y2 = 2.80).
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showed that the mean CV_H1 score of the LSVT group (M = 0.68, SD = 1.08) was sigwificantl
higher than the mean CV_H1 value of the three other groups (M =-0.28, SD = (1925.52)
=9.20, p= .01, ES = 0.87. Moreover, the mean CV_H1 value of the LSVT group was
significantly higher than that of the ARTIC group (M =-0.21, SD = 1.0@), £3.79) = 4.62, p
=.04, ES = 0.82. These results strongly support Hypothesis 1, suggesting that the LSVT
patients, relative to the ARTIC and other participants, showed a greatasmaonr the linear
combination of facial movement variability and lability.

Step 4: Eliminating the influence of extraneous variables on intergroup fferences

on CV_H1. To determine whether demographic and other relevant variables accounted for the
differences between LSVT patients and the other three groups on CV_H1, suodlyseariance
were undertaken. Specifically, Contrast 1 (LSVT versus all other grogssiested for

statistical significance after the effects of the following covesiavere removed: gender, age,
handedness, Hoehn-Yahr stage, time since PD diagnosis, education level, Bt ool

MMSE score, and number of PD medications teeBecause of the violation of the normality
assumption noted earlier (see footnote 25), a procedure suggested by Hetimeari$p84, pp.
251-275), a nonparametric analysis of covariance, was carried out segaragelgh covariate.

Unlike other nonparametric alternatives, Hettmansperger’'s procedubeérashown to

26 Because most PD patients took more than one PD medication, it was not possible to
compare patients on one medication versus another. Neither was it possible to Bdequate
examine the effect of race as a covariate because 89% of participantGaueesian (see Table
3). Also, because the Hoehn-Yahr stage, number of PD medications taken, andd&nDsi
diagnosis are characteristics specific to the PD patients, all analydee present study tested

the effects of these variables based on the data from the PD sample only.
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maintain adequate control of Type | and Il error rates across a wigie eriolations of
statistical assumptions (Harwell & Serlin, 1988). Contrast 1 remained sagriifall_pvalues <
.05) after the effect of each covariate on CV_H1 was removed, suggesting thatntineeelx
variables did not account for the higher CV_H1 mean of LSVT patients relative tf diat
other groups combined.

Next, a Hettmansperger’s procedure was repeated for Contrast 2 (ARSIG LSVT),
separately for each covariate. With the effect of gender removed, ContrasinZebe
nonsignificant, p= .12. Covarying for other extraneous variables resulted in Contrast 2
becoming marginally significant, allyalues < .10 (see Table 8). Given that_thale of
Contrast 2 in the main analyses was .04, removing the effects of all covariateegratiac
change in pvalues suggesting that the examined variables did not account for the higher CV_H1
mean of LSVT, relative to ARTIC, patients. To summarize, none of the extranealdesri
explained the significant differences between CV_H1 group means shown in Gohiaas 2.

Hypothesis 1. Exploratory analyses.

Summary of exploratory analyses.The exploratory analyses of Hypothesis 1 (i.e.,

hypothesis stating that LSVT, relative to ARTIC and no treatment, recaceasmobility
deficits) were motivated by three aims. The first aim was to furtseHygpothesis 1 by
performing additional intergroup comparisons. For instance, Hypothesis 1 piddatte
changes (from Time 1 to Time 2) in the facial mobility of the LSVT patientsld be greater
than those of the untreated PD patients. Because the main analyses of Hypotbesieniited
to comparing the groups via Contrasts 1 and 2, this prediction was not tested dahirdtlyniain
analyses. Testing this prediction on each facial mobility measure prowde@al evidence

regarding which facial mobility aspects change as a result of t&.L# addition, to rule out
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the possibility that permanent intergroup differences in facial mobility confouheetests of
Hypothesis 1, the relevant intergroup comparisons were performed again, witaribility A,
AU Lability A, and AU ComplexityA measured as a proportion of the participant’s overall level
of facial mobility rather than in absolute terms (see below).

The second aim was to examine whether the magnitude of facial movement changes in
the LSVT group depended on the characteristics of a patient. Although the extrzaeaiies
did not account for the significance of Contrasts 1 and 2, it is possible that the BE\AT h
greater effect on a certain patient segment (e.g., patients at adwaneed Hoehn-Yahr stage).

Finally, the third aim of the exploratory analyses was to replicaterttimdjs of the DFA
(discriminant function analysis) in a more homogenous sample that consistely efti?D
patients. Such replication would provide additional support that the high coefficigdts of
Variability A and AU LabilityA in the CV_H1 formula reflected LSV T-related changes in facial
variability and lability rather than the idiosyncrasies of our participant sampl

As reported next, the additional tests of Hypothesis 1 were broadly consistetttavit
results of the main analyses. The exploratory analyses also showed thizdihef &iSVT
tended to be greater for patients with a higher education level. Furtheisuhs oé the
exploratory DFA paralleled the findings of the DFA in the main analyses.

Additional intergroup comparisons to test Hypothesis 1.To more comprehensively

examine Hypothesis 1 and possibly reveal other important findings, two setsyskeasnaere
conducted. In the first set, additional contrasts of CV_H1, AU Lakilitgnd AU VariabilityA
group means were carried out. In the second set, the same intergroup conteastpeated on

relative rather than absolute changes in facial mobility.
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Additional comparisons of group means on dependent variaBlEsause neither

Contrast 1 (LSVT versus all other groups) nor Contrast 2 (ARTIC versus LSVT) of A
ComplexityA group means was significant (see the “Main Analyses” subsection), no additional
comparisons of the means on this variable were performed. For other dependensvariable
(CV_H1, AU Lability A, and AU VariabilityA), WJ procedures were performed to compare the
group means, separately on each dependent variable, via the following cob8&3tversus
Untreated, LSVT versus Control, and ARTIC versus Untreated.

For CV_H1, the mean of the LSVT group (M =0.68, SD = 1.08) was significantly greater
than that of the Untreated (M =-0.30, SD = 0.81),,28.78) = 8.22, g .01, ES = 0.90, and
Control groups (M = -0.30, SD = 0.95)1F23.38) = 6.17, p .02, ES = 0.90. Unlike the LSVT
versus Untreated contrast, the CV_H1 means of the ARTIC (M =-0.21, SD = 1.09) and
Untreated groups were not significantly differer(ti,20.31) = 8.22, g .81.

For AU Variability A, the mean of the LSVT group (M = 1.81, SD = 3.04) was
significantly greater than that of the Untreated (M = -0.94, SD = 2.8B)2B.13) = 8.46, g
.01, ES = 0.88, and Control groups (M =-0.73, SD = 2.68),73.46) =5.31, p .03, ES =
0.81. Unlike the LSVT versus Untreated contrast, the AU Variallityeans of ARTIC and
Untreated groups were not significantly differer(t,29.19) = 0.11, g .74.

For AU Lability A, the mean of the LSVT patients (M = 5.00, SD = 8.23) was
significantly greater than that of the Untreated group (M =-1.71, SD = 6823F:95) = 7.34,
p=.01, ES =1.05, but not that of the Control group (M =-1.18, SD = 7.(I7)26.96) = 1.44,
p=.24). In contrast to the LSVT versus Untreated comparison, the AU Labilityans of the

ARTIC and Untreated groups were not significantly differe(t, 5.42) = 1.37, p .25.
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To sum up, the facial mobility changes observed in the LSVT group were dgreatéhe
corresponding changes in the Untreated group on all of the variables examined in thes
additional intergroup comparisons. In contrast, the facial mobility changesARMMIE and
Untreated groups were not significantly different on any variable. Agaieplication in further
studies, these preliminary results are in line with Hypothesis 1.

Testing Hypothesis 1 with the relative measures of change in facial imogcause

the analyses in the preceding subsections are exploratory, these results neettprbeed
with caution. To provide a stronger basis for interpretation, relevant intergroupstentere
repeated on relative changes in facial mobility (i.e., in contrast to the abslodunige levels used
so far). Namely, a relative change in AU Lability, denoted AU LabNiy, was calculated
according to the following formula:

AU Lability A% = (AU Lability at Time 2 - AU Lability at Time 1)/(AU Labilitytalime
1 + AU Lability at Time 2).
Relative changes on two other facial mobility measures, AU Variab¥ityand AU Complexity
A%, were calculated in the same manner. Using this method, changes in partitgaits’
mobility are measured relative to their facial mobility level acrosse§il and 2. This approach
lessens the effect of interindividual differences on the amount of facial manlihe tests of
Hypothesis 1.

Next, WJ proceduréswere performed to contrast intergroup means on these dependent

measures. These procedures revealed that the AU Compiékitgean of the LSVT group (M

27 Nonparametric WJ procedures were chosen for intergroup comparisons because the
score distributions compared in these tests violated the assumptions underlyiregdhe us

parametric tests. Though the modified O’Brien’s procedures showed thattfoealimneasures,
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=0.14, SD = 0.36) was not significantly different from that of the other groups combined (M
0.04, SD =0.28), @, 23.39) = 0.94, g .34, or that of the ARTIC group (M = 0.05, SD = 0.45),
E(1, 20.65) = 0.40, g .53. Because these main contrasts (Contrasts 1 and 2) did not reveal any
statistically significant differences, no additional analyses of AU @exity A% scores were
performed.

For AU Variability A%, the mean of the LSVT group (M = 0.23, SD = 0.39) was
significantly greater than that of the Untreated (M = -0.09, SD = 0.80)2B.40) = 6.87, p
.01, ES = 0.61, and that of the other groups combined (M =-0.04, SD = qB7)6Kk6) =
5.01, p= .03, ES = 0.49, but not significantly different from the mean of the ARTIC (M = 0.02,
SD =0.53) group, @, 19.50) = 1.41, p .10. Unlike the LSVT versus Untreated contrast, the
AU Variability A% means of the ARTIC and Untreated groups were not significantly different,
FE(1, 16.20) = 0.40, p .10. The difference between the AU Variabil$6 means of the LSVT
and Control (M =-0.01, SD = 0.25) groups was marginally significdft,Z4.96) = 3.76, p

.06, ES = 0.46.

the score distributions within each participant group did not violate the homogeneatyamice
assumption, skewness and kurtosis values showed that the assumption of normalityaess viol
Specifically, in the AU Complexityn% distributions, there was positive kurtosis in the ARTIC
(y2 = 1.65) and Control® = 2.44) groups, positive skew in the Control group= 1.69), and
negative skew in the ARTIC groupl(= -1.16). In the AU LabilityA% distributions, there was
positive kurtosis in the ARTICyR = 3.92) and LSVTy = 11.70) groupand positive skew in

the ARTIC (1 = 1.80), LSVT 11 = 3.32), and Untreated groupd € 1.27). In the AU

Variability A% distributions, there were positive skew and kurtosis in the ARTIG (1.69,y2

=3.67), LSVT ¢1 = 1.33y2 = 3.01), and Controf{ = 2.01,y2 = 5.01) groups.
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For AU Lability A%, the mean of the LSVT patients (M = 0.27, SD = 0.44) was
significantly greater than that of the Untreated group (M =-0.08, SD = 0@0R&43) = 6.84,
p=.01, ES =0.59, or that of the other groups combined (M =-0.04, SD = QB&407) =
5.42, p= .03, ES = 0.51. The AU Labili&%% mean of the LSVT group was not significantly
different from that of the ARTIC group (M =-0.01, SD = 0.58),A9.79) = 1.96, p .10. In
contrast to the LSVT versus Untreated comparison, the AU Lahlidymeans of the ARTIC
and Untreated groups were not significantly differefit, £5.23) = 0.13, g .73. The difference
between the AU LabilityA% means in the LSVT and Control (M = 0.00, SD = 0.23) groups was
marginally significant, FL, 23.53) = 4.22, g .05, ES = 0.46.

To summarize, the relative measures of facial mobility changetegieesults that were
broadly consistent with those based on the absolute measures. As with the absduteane
Contrast 1 (LSVT versus all other groups) was significant in the analysis aif [&dmlity and
variability. Contrary to the predictions of Hypothesis 1, the direct comparisonvdf L&sus
ARTIC means was not significant with any relative measure. Howevetasitomthe results
based on the absolute measures, the increases in the facial lability andityaofabié LSVT,
but not ARTIC, patients were significantly greater than the changes in treatéatigroup.
Taken together, the findings based on the absolute and relative measures of chiacgss i
mobility moderately support Hypothesis 1 and are in line with the results of theamadyses.

The role of a patient’s characteristics in the effect of LSVT on facial mvement.

Although the extraneous variables did not account for the significance of Contradtg litas
possible that these variables moderated the effect of LSVT revealegssendontrasts (in other
words, the magnitude of differences between CV_H1 means across groups depehdsd on t

variables). For example, facial mobility may have improved to a gredtetex older than



72

younger LSVT patients. To investigate the possibility of statisthcaderation, the effect of
extraneous variables on the dependent variables (CV_H1, AU Lakildy AU Variability A)
was tested using the data from the LSVT group only. The following extramanables were
examined: gender, age, Hoehn-Yahr stage, time since PD diagnosis, educati@DEesebre
at Time 1, BDI score at Time 1 dichotomized into “low” (BDI scer&3) versus “moderate”
(BDI score > 13) categorié8 MMSE score, and number of PD medications taRen.

When the normality or homogeneity of variance assumptions weré paametric

procedures were carried out. Specifically, for discrete extraneoublear{gender, handedness,

28 The cutoff point of 13/14 was chosen because a 0-13 point range on the 2nd version of
the Beck Depression Inventory (BDI-II; Beck, 1967) is generally coressidas indicative of
“minimal depression” (Beck et al., 1996). This cutoff resulted in 11 LSVT patiemsg
classified as having low levels of depressive symptomatology and 5 patientsngsrhidd
levels of depressive symptomatology. As noted earlier, individuals possibly haverg s
depression (scores above 24 on the BDI-1l) were not recruited in the presentstuthe(

Method section).

29 As there was only one left-handed LSVT patient, the effect of handedness n LSV
related improvements in facial mobility could not be explored.

30 Except the CV_H1 and Variability score distributions of male LSVT patients, which
had a slight positive skewX = 1.03 and’1 = 1.11, respectively), all other score distributions
examined in these tests did not violate the normality or homogeneity of varessmenptions,
as shown by modified O’Brien’s procedures and the examination of outliers, rsidesafplots,

box and whiskers plots, and absolute skewness and kurtosis values, none of which exceeded 1.
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and the dichotomized BDI score), a parametric analysis of variance (AN@NARN
extraneous variable as a between-subjects factor was carried oatelggdar each dependent
variable. For continuous extraneous variables (age, Hoehn-Yahr stage, time sinagrieBisl|
education, BDI score at Time 1, MMSE score, and number of PD medications taken by the
patient), a Pearson correlation was calculated for each combination of areextraariable and
dependent variable.

Participant education level was significantly correlated with CV_H1, r = .59.6) p=
.02, AU Lability A, r = .56, n = 16, .02, and AU VariabilityA, r = .59, n = 16, p .02.

Possibly due to the small sample size of 16 LSVT patients, no other effeetsigréficant*

Due to the violation of the normality assumption, WJ procedures were performed ioexkaen
effect of gender on the CV_H1 and AU Variabilfyscores of LSVT patients.

31 Based on the evidence of reduced facial expressivity in depression (Gaebel &
Wolwer, 2004; Jaeger, Borod, & Peselow, 1986) and the comorbidity of PD and depression
(Burn, 2002), we explored whether PD patients’ depressive symptoms weretadsotia
reduced facial mobility by computing bivariate Pearson correlations éeti@® patients’ BDI
scores at Time 1 and their values on each facial movement variable (AU Msriaki
Lability, and AU Complexity) at Time 1 within the entire sample of PD patiefitss sample
included the ARTIC, LSVT, and Untreated groups whose mean BDI scores did nfa¢ ity
differ (see the Method section and Table 3). Bivariate Pearson correlativegibéte BDI
scores of patients in the ARTIC and Untreated groups and their values on ésanhdaement
variable at Time 2 were also determined (to avoid confounding the influence ofsi@pregh
the effects of voice treatment, the LSVT patients were excluded frorartaigsis). No

significant effects were obtained, alivplues > .10. Associations between dichotomized BDI
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Auxiliary DEA (discriminant function analysis) of PD patients’ changeson facial

mobility variables. The coefficients of the CV_H1 equation suggest that LSV T-related

improvement in facial mobility is characterized primarily by increasdacial variability and
lability. To confirm that these findings were not produced as an artifact difteeences
between the facial movements of PD patients and controls, the DFA with Grouptagsanbe
subjects factor andU Variability A, AU Lability A, and AU ComplexityA as dependent
variables was performed after excluding Control group data (i.e., only data irqgratiénts
were included). Possibly due to small sample size, no CVs reached statighifecance (all p
values > .10), and, as a result, one cannot confidently interpret the results of thiatexpl
DFA. However, it is noteworthy that the equation coefficients of the firstt€vhed CV_H1a,
were similar to those of CV_H1:

CV_H1a = 0.62*(AU VariabilityA) + 0.39*(AU Lability A) + 0.07*(AU ComplexityA).

Supporting the results of the main DFA, these equation coefficients suggest that,
independent of the differences between the facial movements of PD patients gersutched
controls, LSVT-related improvement in facial mobility is characterizg increases in facial
variability and, to a lesser degree, lability rather than by changes iartiexity of facial
movement.

Hypotheses 2a and 2b

scores and the values of each facial movement variable (both at Time 1 and Tiene 2) w
explored in a similar fashion, except that a WJ procedure or ANOVA (i.e., dependirigetirew
the assumptions underlying parametric tests were violated) instead ofarPeantrelation was

conducted for each comparison. No significant effects were obtaineeyalligs > .10.
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Overview of analyses.We made the following hypotheses regarding the perception of
PD patients by others. Hypothesis 2a stated that this study would refiieategative
impressions of PD patients obtained in earlier studies. Hypothesis 2b podite th8WVT,
relative to the articulation treatment or no treatment, reduces these aggdtjmnents.

To avoid reducing statistical power of the main analyses by making a highmoimbe
intergroup comparisons on each personality and behavior scale, each observetmgavor
participants from a given group (e.g., ARTIC) were reduced to three cadmpatangs of
personality, behavior, and overall perception of a patient (i.e., termed Pers+aBdiBverall+,
respectively), as described next. The dependent variables in the main awalgsksiited to
these three measures. In contrast, the exploratory analyses wa@ catnvith both composite
and raw ratings (see the “Exploratory Analyses of Hypotheses 2a and 2éttsubdelow).
Also, analogous to the analyses of Hypothesis 1, the main analyses wektinatdy planned
comparisons (e.g., Contrasts 1 and 2), whereas the exploratory analyses intledesletant
comparisons.

Calculation of the composite ratings. Overall+, Pers+, and Beh+ ratings that were used

as three dependent variables in the main analyses of Hypotheses 2a andczicwiated as

follows. First, because there were seven points on all scales, each raw eatimgnsformed

into a number ranging from 1 to 7, with 1 and 7 corresponding to the negative and positive ends
of a scale, respectively. Then, to calculate the Pers+ rating of the ARGUP at Time 1 by a

given observer, the Time 1 ratings on all personality scales (introvertedveried, secure -
anxious, independent - dependent, and disliked - liked) were averaged across all ARTIC
participants viewed by that observer. Thus, the resulting Time 1 Pers+ rasragmeasure of

how positively, on average, a given observer judged the personality of an ARTitippat at
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Time 1. Next, the same procedure was repeated with the ratings of the L&MW CGand
Untreated participants, separately for each group. As a result, 440 Time+tIr&ergs (110
observers x 4 groups) in total were derived.

Identical procedures were performed with the ratings on the behavior seakes
relaxed, sad - happy, engaged - bored, openhearted - guarded, and disliked - likied)atzc
the mean Time 1 Beh+ ratings of each group. The resulting Time 1 Beh-s naénga measure
of how positively, on average, a given observer judged the Time 1 behavior of gaairfiom
a given group (e.g., an ARTIC patrticipant). Finally, each observer’'s Oveatihgs of a given
participant group were calculated by averaging his or her Pers+ and &elys of that group.
The resulting Time 1 Overall+ ratings were a measure of how positively, cagayan observer
judged the personality and behavior of a participant from a given group at Timmé&.2Ti
Overall+, Pers+, and Beh+ ratings were calculated using the same methedlane 1 ratings.
Mean Overall+, Pers+, and Beh+ ratings of each participant group at Timd<2lage shown in
Figures 10-12 and Table 9. This approach of analyzing the ratings avereggsdpasticipants
rather than observers (i.e., using observers instead of participants as the naly$pafforded
more statistical power because the number of observers (n = 110) substantesdiyeskthe
number of participants (n = 56).

Hypothesis 2a: Main analysesThree dependent variables were used in the main
analyses of Hypothesis 2a (i.e., the hypothesis stating that the negative pescefpiD
patients that were obtained in earlier studies would be replicated in this dweyall+, Pers+,
and Beh+ ratings. These analyses involved two steps. First, the Time 1 ParsandBe
Overall+ ratings of PD patients were compared with those of controlsasspam each

dependent variable. Second, analyses of covariance were carried out to exantiee whet
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eliminating the influence of extraneous variables affects the outcomes gfaunigr
comparisons. As described next, the results supported Hypothesis 2a showhiy) pasents
were rated more negatively than age-matched controls on each dependerd aadahht none
of the extraneous variables accounted for these differences between the two groups

Statistical comparisons of PD patients versus controls on the comp@siatings. To

replicate the findings of earlier studies (e.g., Pentland et al., 1988) showpertee/ed

differences between the personalities of PD patients and those of cardgrptest Hypothesis

2a), a WJ procedutawas performed to contrast the 330 Time 1 Pers+ ratings of PD participants
(110 observers x 3 groups) with 110 Time 1 Pers+ ratings of controls. The same WJ psocedur

were carried out separately on the Overall+ and Beh+ ratinysaddition to these contrasts,

32 Nonparametric WJ procedures were selected for testing Hypothesis 2alibeaus
score distributions compared in these tests violated the homogeneity of vassuntgion.
Although the distributions of Overall+, Beh+, and Pers+ ratings of both PD patieht®iatrols
appeared to satisfy the assumption of normality, the modified O’Brien proceduredstiat the
variance of ratings was not homogenous across the two groups (PD patients and,défitrols)
438) = 38.52, x .05 for Overall+F(1, 438) = 29.66, g .05 for Pers+, anb(1, 432) = 16.53, p
< .05 for Beh+.

33 Statistical analyses were carried out to examine whether the Time 1ohdan®D
groups on each dependent variable were similar. Given the violations of the honyogieneit
variance assumption in the Overall+ and Pers+ score distributions, a WJ procasiageed
out for this purpose, separately for each of these two variables. Becausha-tisc&e
distributions met the assumptions underlying parametric tests, a one-wayAANih Group as

an independent variable was performed on these ratings. For each dependent Variethet t
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other relevant statistical comparisons of the group means were performeckto m
comprehensively examine the dataset. However, because these additiqpaismm were
post hoc, their results are reported in the “Exploratory Analyses” subsedion be

In support of Hypothesis 2a, the Overall+, Pers+, and Beh+ mean ratings of PD
participants were significantly lower than those of contrdl$, £41.21) = 42.87, g .01, ES =
0.90 for Overall+, F1, 143.60) = 21.62, § .01, ES = 0.65 for Pers+(1 147.19) = 57.46, ¢
.01, ES = 0.97 for Beh+. These results show that the personality and behavior of Ppapéstici

were perceived more negatively than the personality and behavior of controls.

of Group was significan&(2, 214.41) = 20.87, g .01, ES = 0.19 for OverallF(2, 214.63) =
10.63, p< .01, ES = 0.15 for Pers+, aR(R, 322) = 16.34, g .01, ES = 0.09 for Beh+. Post
hoc comparisons showed that all types of ratings of the LSVT group werkcsigthy lower
than the corresponding ratings of the Untreated or ARTIC groups, thatalligs < .01, and
that the Beh+ ratings of the ARTIC group were significantly lower thandiresponding
ratings of the Untreated group<p05.

The effect sizes of the obtained differences, ranging from 0.09 to 0.19, were, on average,
roughly six times smaller than the effect sizes of the corresponding ddésdetween PD
patients and controls, ranging from 0.65 to 0.97. This dissimilarity in magnitude sutgest
the two types of differences -- the ones obtained among PD patient groupstiiersne found
between PD patients and controls -- arise for different reasons. Posdéddtingfnormal
variation in how individuals are perceived, the differences among PD patient gn@ipshave
occurred because the PD patient groups were not matched on their perceived peasahali

behavior characteristics during recruitment.
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Eliminating the effect of extraneous variables on the intergroup comparans of

Pers+, Beh+, and Overall+ ratings.The means contrasted with one another to test Hypothesis

2a were based on the ratings made by different groups of observers (see the bieihiod s
Although, as shown in the Method section, the demographic characteristics did natesiggifi
differ across the observer groups, it is possible that the influence of thesgaities on
observers’ ratings accounts for some of the findings supporting Hypothesis 2aexXbtaeeous
variables, such as Order (i.e., whether an observer made personality veestisrhedgments
first), may have similar effects.

To rule out such confounding effects, a Hettmansperger’s procedure was performed t
determine whether the results obtained in the main analyses remained théiesatine a
influence of extraneous variables on the ratings was removed. As discussed earl
Hettmansperger's procedure, a nonparametric analysis of covarianoggeetie influence of
an extraneous variable, entered into an analysis as a covariate, on a depentémt éuea
following covariates were examined: Order, Set (i.e., which of the four sdtpsoivas shown
to an observer), Sequence (i.e., which of the two sequences of a given set of clips was show
the observer), observer’'s gender, observer’s age, observer’s race, and absdngation level.

In all analyses described in this section, a separate Hettmanspergeedyre was carried out
for every possible combination of a covariate with a dependent variable (Pens+0Be
Overall+ ratings). For each combination of a covariate and dependent vahablene 1
ratings of PD patients remained significantly lower than those of contrbfs\alues < .01).
Thus, the examined demographic variables did not account for the findings supporting

Hypothesis 2a.
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Hypothesis 2b: Main analyses. To examine whether, as Hypothesis 2b states, LSVT,
relative to the articulation treatment or no treatment, reduces the negdtimegnts of PD
patients by others, changes (from Time 1 to Time 2) in observers’ ratih§3/0f patients were
compared with the ratings of other patients. Namely, changes in the ratthgd &VT group
were contrasted with those of the non-LSVT groups (Contrast 1) and those of the gvauip
(Contrast 2), separately for each of the three rating types (Pers+, &eh®verall+). Next,
analyses of covariance were conducted to determine if eliminating got effan extraneous
variable affected the results yielded by these contrasts. As detailetheeesults of these
main analyses provided little support for Hypothesis 2b showing that the amount oodlicécti
change in the perception of participants by others did not differ significrbgs groups.
Moreover, these results remained the same when the effects of the extrareiss were
taken into account.

Planned contrasts of the Overall+, Pers+, and Beh+ ratingsA WJ proceduré was

performed to compare the group means via Contrasts 1 and 2, separately on each dependent

variable. The results of these comparisons are reported next. Besidest€dnarad 2, other

34 Nonparametric WJ procedures were chosen for testing Hypothesis 2b because both the
homogeneity of variance and normality assumptions were violated in theutisins of scores
on all three variables. Specifically, there was positive kurtosis in the diginb of the
Overall+ (2 = 1.86) and PersZ = 1.50) ratings of the ARTIC group at Time 2. Also, the
distribution of Beh+ ratings of the LSVT group at Time 2 was negatively skeweekbptokurtic
(yl =-1.40,y2 = 4.42). The modified O’Brien procedure showed that for each variable, the
variance of ratings was not homogenous across the four participant gi6uE72) = 13.04, p

< .05 for Overall+F(7, 872) = 10.74, g .05 for Pers+, and(7, 859) = 7.58, .05 for Beh+.
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relevant statistical comparisons of the group means were performed to mpreltensively
examine the dataset. However, because these additional comparisons weoe,dbsir results
are reported in the “Exploratory Analyses” subsection below.

WJ procedures revealed that neither contrast was significant for any bfdbevariables
(all p-values > .10). It should be noted, however, that Contrast 2 (ARTIC versus LSVT) was
marginally significant for Pers+ ratings(1F 414.89) = 3.07, p .08, ES = 0.29. This result
reflects that the Time 2 ratings of the LSVT group (M = 4.08) were greatetitedime 1
ratings of the same group (M = 3.87), whereas the ratings of the ARTIC groumpest 1 and 2
were nearly the same (M = 4.17 for Time 1 and M = 4.15 for Time 2). Thus, the results of the
main analyses did not provide strong support for Hypothesis 2b. The means compared in
Contrasts 1 and 2 and the corresponding statistics are shown in Table 10.

Eliminating the effect of extraneous variables on the intergroup comparans of

Pers+, Beh+, and Overall+ ratings.Similar to the analyses of Hypothesis 2a, the tests of

Hypothesis 2b may have been confounded by the effect of extraneous variables.ink&teslim
these confounding effects, analyses of covariance were performed.icjigcd separate
Hettmansperger’'s procedure was performed for every possible corabinat covariate with a
dependent variable (Pers+, Beh+, or Overall+ ratings). The same covasiatebe analyses of
Hypothesis 2a were examined: Order, Set (i.e., which of the four sets of clipomaste an
observer), Sequence (i.e., which of the two sequences of a given set of clips wasosthaw
observer), observer’s gender, observer’s age, observer’s race, and obsevatmon level. As
previously, each extraneous variable was entered into an analysis asae&ovar

The results of both contrasts remained essentially the same. Speci@caityast 2

(ARTIC versus LSVT) remained marginally significant (i.e., theapues ranged from .04 to .06,



82

depending on a covariate) when the Pers+ ratings were analyzed. No otlieasigimdings
were revealed for either contrast (a@lues > .10).
Exploratory analyses of Hypotheses 2a and 2b.

Summary of exploratory analyses.Four sets of exploratory analyses of Hypotheses 2a

and 2b were conducted. The first set explored which aspects of personality and lvedivior
perceived to be more negative in PD patients than in others. These analyses aroede a
more detailed description of the negative impressions, revealed in the tests dfddigda, of
PD patients. To this end, the raw ratings of PD patients were contrasted witbftbos#ols
on each personality and behavior scale.

The second set of analyses examined more thoroughly whether variable fmae (T
versus Time 2) had an effect on the ratings of each participant group. Becausst€adrand 2
were targeted to identify specific Time x Group interactions, they do not deteeithin-group
effects of variable Time. Such effects may qualify the lack of signifieti@tts in the main tests
of Hypothesis 2b (i.e., hypothesis stating that the LSVT improves the negatieptmers of PD
patients) and have implications for future studies. To reveal such effectgyraadibomparisons
that were not included in the main analyses were carried out.

The third and fourth sets of analyses investigated whether observer angguatrtici
characteristics, respectively, played a role in the negative judgmerspatents. To address
this issue, the effect of such characteristics (e.g., gender and time Bid¢tzgRosis) on Time 1
ratings was examined. The final set of analyses explored whether the magnthele®¥T's
effect depended on patient characteristics. To investigate this questiofiethefehese
characteristics on the amount of change (from Time 1 to Time 2) in the ratitgsLEBVYT

group was probed.
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To summarize, these analyses showed that PD patients were rated gatwelyehan
controls on nearly all personality and behavior scales. Moreover, additional camgaris
provided preliminary support for the hypothesis that the LSVT partly allevikéenegative
impressions of PD patients. Furthermore, female observers perceived &ispatre
positively than male observers, and PD patients with more depressive syngridetto be
perceived more negatively and show smaller changes (from Time 1 &Z)im the Pers+ and
Overall+ ratings than did patients with fewer symptoms.

Characterizing the negative perception of PD patients by otherd.o determine which

personality and behavioral aspects were perceived to be more negative ineRi3 patn

controls, WJ procedurfswere conducted to contrast the Time 1 ratings of controls with those of

the other three groups combined, separately for each personality and behdeioAsdhe
“Liked versus Disliked” scale appeared on both personality and behavior foemaginoted in
the Method section, observers rated how much they liked each participant twieegridge
rating across these identical scales was entered in the analysis.

Replicating and extending prior findings, the analysis showed that PD pateets w
perceived to be more introverted1lF142.97) = 49.18, g .01, ES = 0.88, anxious(F, 149.48)
=9.74, p< .01, ES = 0.46, bored(F 176.28) = 38.05, g .01, ES = 0.63, tense(1F 154.66) =
39.89, p< .01, ES = 0.81, sad(E 152.71) = 40.19, g .01, ES = 0.82, guarded(1F 154.66) =
39.89, p< .01, ES = 0.66, and less liked1F160.73) = 36.08, g .01, ES = 0.71 than controls.

In contrast, PD participants were not judged to be significantly more aidgessident than

controls, p=.41. The means of both groups on each scale and the corresponding statistics are

presented in Table 11 and Figure 13.
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Within-group effects of Time on the ratings of personality and behaviar To clarify

whether observers’ perceptions of each participant group at Time 1 versus Tane dfferent,
a number of exploratory analyses were carried out. In the first set gesahe Time 1 versus
Time 2 ratings (see Figures 10-12 and Table 9) were contrasted within eaphbgmperforming
WJ procedures. The findings revealed by the analysis of the Overallgsrate presented first.
For the Control group, an increase from Time 1 (M = 4.74, SD = 0.93) to Time 2 (M =5.08, SD
= 0.70) was significant, (&, 213.40) = 3.77, p .01, ES = 0.46. For the LSVT group, an
increase from Time 1 (M = 3.85, SD = 0.53) to Time 2 (M = 4.03, SD = 0.66) was also
significant, K1, 209.35) = 5.01, p .03, ES = 0.25. In contrast, the same comparisons did not
reach significance in the ARTIC or Untreated groups_(aihlpes > .10).

For the Pers+ ratings, similar results, discussed next, were obtained. Eontha
group, the rating increase from Time 1 (M = 4.55, SD = 0.97) to Time 2 (M = 4.97, SD = 0.93)
was significant, F1, 217.47) = 10.62, g .01, ES = 0.53. In the LSVT group, the increase from
Time 1 (M =3.87, SD =0.57) to Time 2 (M = 4.08, SD = 0.68) was also signifiqdnt, F
210.54) =5.73, p .02, ES = 0.26. Changes from Time 1 to Time 2 were not significant in the
ARTIC or Untreated groups (alhyalues > .10).

Finally, with respect to the Beh+ ratings of the Control group, the increamselime 1
(M =494, SD =1.02) to Time 2 (M =5.20, SD = 0.97) was marginally significéht2E3.40)
=3.77,p= .05, ES = 0.30. Changes in the Beh+ ratings were not significant in any other groups
(all p-values > .10).

These preliminary findings suggest that controls at Time 2 were judgechositieely
than the same controls at Time 1 in terms of their personality. Because Hypéthé.e.,

hypothesis stating that the LSVT improves the negative judgments of RDtpatoes not
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predict that the perception of any participants other than LSVT patients wuiove, it can
account for only some of the observed results. On the other hand, because the LSVT group,
unlike the ARTIC or Untreated patients, was perceived more positively lztebefore
treatment, it is possible that, in line with Hypothesis 2b, LSVT may sligiibyave the
perception of PD patients. Although, as suggested by the obtained effect 25 @26, this
improvement is modest, the effect of the LSVT may be uneven and manifest in gaiparof
some personality aspects more than in others. Thus, to probe a significant changersftthe P
ratings observed in the LSVT group, the Time 1 ratings of the LSVT group atrasted with
the Time 2 ratings by performing WJ procedures, separately for eacim@lé@gsscale. Results
indicated that LSVT patients were judged to be more extraverted208.59) = 13.41, g .01,

ES = 0.37, independent(lF 208.26) = 4.43, p .04, ES = 0.24, secure(1F214.26) = 12.07, p
<.01, ES =0.46, and liked(F, 217.99) = 13.51, § .01, ES = 0.42, after than before treatment.
In sum, these preliminary results suggest that the LSVT had a positive effaetmer¢eption of
several personality aspects in PD.

The role of observer characteristics in the judgments of PD patients’@sonality

and behavior. Although the demographics of observers did not fully account for the negative
effect of PD on their judgments, it is possible that these demographics pattipated to how
PD patients were perceived. To clarify whether observer demogragéiwef, race, age, and
education level) affected observers’ perception of PD patients, a separéfiar the discrete
variables of gender and race) or nonparametric least trimmed squarssiceg(r the
continuous variables of age and education level) procedure was performégdssalle
combinations of a demographic variable and rating type (Overall+, Pers+, and Beleach

procedure, a demographic variable of interest and PD Status (PD versus com&g@htseed as
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independent variables, and Time 1 ratings of participants were enteredpesdentd variable.
Nonparametric procedures were chosen because modified O’'Brien procedured thiairee
variance of ratings across the two groups (PD patients and controls) was not homogenous,
regardless of the rating type (atvplues < .05).

There were no significant interactions between PD status and any demogeajaibtes
(all p-values > .10). There was a significant main effect of Gender on Ovéfdl|+133.13) =
5.91, p=.02, ES = 0.68, with the ratings made by the female observers (M =4.41, SD = 0.82)
being significantly higher than those made by the male observers (M = 4.25, SD = 0.70).
Similarly, the Pers+ ratings made by the female observers (M = 4.39, SD wv@r@2)
significantly higher than those made by the male observers (M = 4.22, SD = {101)3&44)
=9.14, p< .01, ES = 0.80. The effect of gender on the Beh+ ratings was marginally aigmnific
E(1, 132.14) = 2.76, p .099, ES = 0.45. No other effects were significant (atlpes > .10).

The role of participant characteristics in the perception of PD pagnts. Similar to

observer characteristics, participant characteristics may havel@agée in the negative
perceptions of PD patients. Clearly, ratings averaged acrosspaarteccould not be used for
examining the effects of participant demographics on these impressions. ortihe,dnalyses
in this subsection, the Time 1 raw ratings of each of the 56 participants wergealvaceoss
observers, separately for each rating type (Pers+, Beh+, or Overdtia3, the resulting dataset
consisted of 56 Overall+, 56 Pers+, and 56 Beh+ ratings of participants at Time 1.

The following participant characteristics were examined: gender, aygedrzess,

Hoehn-Yahr stage, time since PD diagnosis, education level, BDI scoreaf TMMSE score,
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and the number of PD medications taken by the patient. A separate lineaioagmeal/sis®
with a participant characteristic and PD Status as two independent variabletiags as a
dependent variable was performed for every possible combination of a demogragifile\ard
rating type. The effect of gender on Beh+ ratings was marginatiifisant, 1, 52) = 2.86, p
=.097, with female participants (M = 4.72, SD = 0.89) receiving higher ratings than mal
participants (M = 4.08, SD = 0.65). Also, the BDI scores at Time 1 had a margigaificant
main effect on Overall+,(#, 52) = 2.87, = .096, and Pers+(E, 52) = 2.98, = .09, ratings.
Moreover, there were significant interactions between the BDI scoresatIland PD Status
for Overall+, K1, 52) = 7.77, < .01, Pers+, @, 52) = 8.55, < .01, and Beh+,(#, 52) = 6.64,
p <.01, ratings. No other effects were significant (alapues > .10).

To interpret the BDI score x PD Status interactions, Pearson correlattoreebhehe
BDI scores and each type of rating were computed separately for PDtpate controls. As
shown in Table 12 and Figures 14-16a & b, the BDI scores of PD patients wergeiggati
correlated with each of the three ratings, alafues < .05. In contrast, the BDI scores of
controls were positively, albeit not significantly, correlated withrak¢ ratings. Therefore, the

personality and behavior of PD patients with higher BDI scores tended to be penmmeike

35 Parametric linear regression was chosen to conduct this analysis bdcatisg a
distributions analyzed in these tests (e.g., the Pers+ ratings of ntatgpats in the tests of
gender’s effect on Pers+) met the normality and homogeneity of vaagsuenptions as shown
by the results of modified O’Brien’s procedugesd the examination of outliers, stem and leaf
plots, box and whiskers plots, and absolute skewness and kurtosis values none of which

exceeded 1.
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negatively than those of PD patients with lower scBtehis relationship did not hold in the
Control group.

To determine which personality and behavioral aspects were perceived to be more
negative in PD patients with higher BDI scores, Pearson correlations betwieatspBDI
scores and the Time 1 ratings of these individuals were computed, separatelshfpersonality

and behavior scale. As the “Liked versus Disliked” scale appeared on both personality a

36 The same relationships between depressive symptoms and ratings wéee reliea
instead of a raw BDI score, a dichotomized BDI score (i.e., “low” versus “rataigsee
footnote 12) was entered in the analysis. Specifically, a parametnysianal variance
(ANOVA), performed separately for each dependent variable, showed that tfal-Qwers+,
and Beh+ ratings of PD patients at Time 1 with low BDI scores were sigmilfy higher than
the ones of PD patients with moderate BDI scdf€k, 43) = 5.64, < .05n2 = .12 for
Overall+,F(1, 43) = 6.03, x .05,n2 = .12 for Pers+, anfé(1, 43) = 4.89, px .05n2 = .10 for
Beh+. Similarly, the Overall+, Pers+, and Beh+ ratings of PD patiefiisnat2 with low BDI
scores were significantly higher than the ones of PD patients with mod&bse@esF (1, 43)
=5.39, p<.05,n2 = .11 for Overall+F(1, 43) = 6.18, < .05,n2 = .13 for Pers+, and(1, 43) =
4.39, p< .0512 = .09 for Beh+. The Overall+, Pers+, and Beh+ group means of both groups of
PD patients are shown in Table 13.

ANOVAs were chosen for these group comparisons because the tests ofsskamthe
kurtosis showed that the Pers+, Beh+, and Overall+ score distributions of both groups (PD
patients with low and moderate BDI scores) met the normality assumption. Aldibicich
O’Brien’s procedures demonstrated that the homogeneity of variance assuvwgs satisfied in

each group comparison.
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behavior forms, the average rating across these identical scales &rasl @mthe analysis. The
analysis showed that PD patients with higher BDI scores tended to be pgaeivere
introverted, r = -.36, g .05, dependent, r = -.40.01, anxious, r = -.43,9 .01, tense, r =-
.31, p< .05, and guarded, r = -.40<p01, and were less liked, r = -.37<p05, than patients
with lower BDI scores.

Because these results suggest that depressive symptomatology plays aoalé’D
patients are perceived, we decided to examine whether PD patients who havestharsaer
of depressive symptoms as controls would be perceived negatively. To addressstioa,que
controls were compared to 18 PD patients whose BDI score did not exceed the Hijtsesir8
in the control group, six, on three dependent variables: Pers+, Beh+, and Overall+.ahk@Mme
both groups on all types of ratings are shown in Table 14. One-way univariate ARQViths
PD status as a between-subjects factor revealed that the Overgdl;, &l Beh+ mean ratings
of PD participants were significantly lower than those of contrgls, 402) = 36.00, g .01,1?

= .08 for Overall+, B, 402) = 11.88, g .01, = .03 for Pers+, @, 402) = 48.07,_ g .01,1°

.11 for Beh+. These results show that the personality and behavior of PD pasdigiplriéw
depressive symptoms were perceived more negatively than the personality amok lméha
controls.

Patient characteristics and the effect of LSVT.The magnitude of the LSVT'’s effect

on the way a patient is perceived may depend on patient characteristiczarfpleg it is

37 ANOVAs were chosen for these group comparisons because the tests osskawhe
kurtosis showed that the Pers+, Beh+, and Overall+ score distributions of both grotips met
normality assumption. Also, modified O’Brien’s procedures demonstrated tHatrinegeneity

of variance assumption was satisfied in each group comparison.
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possible that the LSVT improves others’ perception of male PD patients taer gedant than
that of female patients. Although the main analyses of Hypothesis 2b provideemMittence for
such LSVT-related changes in observers’ judgments, the exploratory amslgggested that the
ratings of the LSVT, but not ARTIC, group, increased significantly from TineeTinhe 2.
Thus, relationships between the effect of LSVT on observers’ ratings anal gheacteristics
were explored.

The same characteristics as in the preceding subsection (gender, ageénéss)deoehn-
Yahr stage, time since PD diagnosis, education, raw BDI score at Time 1, dicsat@DI
score at Time 1, MMSE score, and number of PD medications taken by the pagient) w
examined. For the discrete variables of gender, handedness, and dichotomized BDI score, a
separate Student’sdst with a characteristic as the independent variable and the difference
between Time 2 versus Time 1 ratings (i.e., Time 2 - Time 1) as the dependssievaas
performed for each rating type (Pers+, Beh+, and Overall+). For atladtheacteristics, a
Pearson correlation was computed between a characteristic and eadiréying.o Age and a
change in the Beh+ ratings were significantly correlated, r = .580@. Also, the change (from
Time 1 to Time 2) in the Overall+ ratings of LSVT patients with low B@res (M = 0.49, SD
= 0.69) was greater than that in the Overall+ ratings of LSVT patients willenate BDI scores
(M =-0.16, SD = 0.42), at a marginally significant levell,A4) = 3.78, p= .07. Similarly, the
change in the Pers+ ratings of LSVT patients with low BDI scores (M5; 8D = 0.69) was
greater than that in the Pers+ ratings of LSVT patients with moderated®ids (M = -0.29, SD
= 0.56), at a marginally significant levelF 14) = 4.46, = .053.
Hypothesis 2c: LSVT-related Improvements in the Negative Perceptins of PD Patients are

Mediated by Changes in Facial Mobility



91

As discussed in the Method section, a six-step statistical procedure (Shroidet;, B
2002) was proposed as a powerful test of a mediation model, such as the one predicted by
Hypothesis 2c (see Figure 2). In Step 1 of the procedure (i.e., a step in whictothatias
between treatment status and the perception of the participant is explored)rac@diire was
carried out to contrast the mean change in the ratings of the LSVT group (froml Tanfeme
2) with that in the ratings of the Untreated group, separately for eachtsggen{Overall+,

Pers+, and Beh+). These contrasts showed that the average change iraBaighificantly
greater in the LSVT (M = 0.20, SD = 0.80) than in the Untreated group (M =-0.03, SD = 0.68),
E(1, 427.54) = 3.90, p .049, ES = 0.07. No additional effects were significant (alilpes >

10).

In Step 2, to determine whichpaths (paths indicating relationships between treatments
and the mediators [i.e., facial movement measures] in Figure 2) were sighiidVJ procedure
was performed to contrast the mean value on a facial movement measure of Thgra&y
with that of the Untreated groups, separately for each mediator (AU kahilRU Variability
A, AU ComplexityA). Step 2 revealed that the AU Variabiltymean was significantly greater
in the LSVT (M = 1.81, SD = 3.04) than in the Untreated group (M =-0.94, SD = 2(33), F
28.13) = 8.46, i .01, ES = 0.88. Also, the AU Lability mean was significantly greater in the
LSVT (M =5.00, SD = 8.23) than in the Untreated group (M =-1.71, SD = 6.82)36.95) =
7.34, p= .01, ES = 1.05. No additional effects were significant (ahlpes > .10). Because AU
ComplexityA was not significantly associated with treatment status, it was droppedhieom
model.

In Step 3, to determine whichpaths (paths indicating relationships between the

mediators and changes in observers’ ratings in Figure 2) were signifieaQlyérall+ ratings
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were regressed onto AU Variability, and AU LabilityA. The same procedures were separately
carried out with the Pers+ and Beh+ ratings. Given the violations of normsgitynption in the
distributions of the mediator variables (see footnotes 22 and 24), a nonpararastiicriened
squares regression was used for each rating type. As none of the regresysms avetie
statistically significant (all yvalues > .10), the test of Hypothesis 2c was aborted after Step 3, as
recommended by Shrout and Bold&rThus, contrary to this hypothesis, these facial movement
measures did not appear to mediate the effect of LSVT on personality and beldgnoents.
Although changes on AU Variability and AU Lability did not mediate the &ffeELSVT, it is
possible that these aspects of facial mobility served as the basis for pgremubbehavior
inferences, but that the magnitude of changes on these variables or the sizeSafThgraup

were too small to detect a statistically significant effect. To rulehosipossibility, the
correlations between participants’ Time 1 scores on these measures andrebEieneel

ratings were examined, separately for each type of rating (Pexb+, Br Overall+). None of

the correlations were significant (abvalues > .10).

38 As an additional analysis, three mediators in the model were replaced with only
mediator, CV_H1, and the six-step procedure testing the model was repeated. &he sam

negative findings in Step 3 were obtained, and the test was aborted.
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Discussion

We now turn to a discussion of the study findings. First we will examine the ewittenc
adequate intercoder reliability. Next, we review findings related to parkarsdauial
movement deficits. Subsequently, we discuss the findings regarding Hypothéses et PD
participants will be perceived more negatively than controls), 1 (i.e., that L'Spfbves facial
movement deficits in PD), and 2b (i.e., that LSVT leads to a more positive perce@bn of
participants by observers), respectively. We then consider why, contraypothidsis 2c, the
facial movement measures used in this study did not appear to mediate the &fALT @in the
perception of LSVT patients. Finally, we suggest possible directions toeftgsearch and
acknowledge several study limitations.
Indices of Intercoder Reliability

The overall intercoder reliability of .71 in the present study is within the rsipect
reliabilities considered to be acceptable by the creators of FACSHkman, Friesen, & Hager,
2002a) and is comparable to the reliabilities obtained in other investigations using&8CS
Sayette et al., 2005; Simons et al., 2004; Symons et al., 2010). Although intercoder iegiabilit
in FACS studies typically exceed .71, it should be kept in mind that only specifigvAkgs
scored in the vast majority of these investigations (for a selection of such ssediékman &
Rosenberg, 2005). Given that the coders in the present study scored nearly all Ataskheir
was especially challenging. Moreover, because participants’ speech moducdher
complicated the coders’ scoring, the somewhat low intercoder reliabihiyt surprising.
More importantly, intercoder agreement in AU Lability and AU Variab#gitpres (i.e., .80 and
.75, respectively), two dependent measures that yielded significant findirrgsyelewithin the

acceptable range. This strongly suggests that the significant findirfgs sfudy in regards to



94

facial movement (results showing the presence of facial movementslafiour sample of PD
patients and results supporting Hypothesis 1) were based on valid FACS coding. Tin,fact
on average, 81% of events scored by the primary coder in a given segment weareratbb\s
the reliability coder also confirms that the total number of events (i.e.,aklity) was
measured reliably in the present study. In contrast, because intercodareagri@emeasuring
AU Complexity, .60, was unacceptable, the negative findings on this measure can be due to the
errors of coding and will not be interpreted in the following discussion.

Besides reliably measuring AU Lability and AU Variability, codeidged facial events
to begin and end at roughly the same time, as suggested by the fact thatahe diference
between the event onset times and event offset times were only 0.17 s and 0.58 sjelgspecti
Taken together, the measures of intercoder agreement that the sigfirfidaugis of this
investigation, discussed next, are not due to coding errors.
Deficits in Spontaneous Facial Movement of PD participants

We confirmed the presence of deficits in spontaneous facial movement produced by the
our sample of PD patients. Specifically, the present study demonstrated thgttderi

production of happy monologues, spontanébiasial activity of PD patients, compared to

39 Though participants knew that they were being filmed while producing the
monologues, it is improbable that their facial expressions were posed as afréssilt
knowledge. This is because none of participants were told that LSVT was hypathesize
improve not only their vocal parameters, but also their facial movement. Thus, thougiddema
characteristics (e.g., visible camera, experimenter being presentrgothgmay have affected
participants’ behavior overall, it is unlikely that such characteristioagy influenced their

facial movements specifically.
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demographically matched controls, showed a decreased repertoire (AUiltgyiand rate of
change (AU Lability) of facial expressions. These results extend premestigations

showing reduced facial expressivity in PD (e.g., Buck & Duffy, 1980). Although previous
findings have demonstrated that PD patients have deficits not only in spontaneous € iahons
2004) but also in posed emotional expression (Borod et al., 1990; Bowers et al., 2006), at least
one study (Smith et al., 1996) suggested that deficits in spontaneous expressionecekyesp
prominent in PD. This finding confirms the impression that frequently emerges duwlimjgcal
observation of a PD patient (e.g., Monrad-Krohn, 1924). The greater impairment ohsposta
facial expression in PD is also consistent with the evidence that neurologiclahnisms
underlying posed versus spontaneous facial expression are largely distnctl®84). In
keeping with this distinction, we next consider this study in the context of othengaiests of
spontaneous facial expression in PD.

Agreements and discrepancies with previous findingsPD participants in this study
were impaired on two measures of facial mobility, AU Lability and AUidfality. To our
knowledge, only one previous study (Smith et al., 1996) used a measure comparable to AU
Lability -- number of changes of facial expression -- to examine fexm@essivity in PD. PD
participants in that study produced fewer changes of facial expression thamsco@irven a
number of methodological differences between the two studies (e.g., in canpesdicing
emotional monologues in this study, PD participants in the Smith et al. studsyowedeo
clips), the replication of this finding provides strong empirical evidence fatgbeease in

number of spontaneous facial expressions in PD relative to controls.
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Besides measuring AU Lability, the number of unique facial elfmtsduced by
participants, AU Variability, was used as a dependent measure in thetstesgn To our
knowledge, no previously published investigations quantified this or similar aspémtsabf
movement in PD. Thus, our finding of decreased AU Variability levels in PDnpatielative to
controls extends previous research by suggesting that PD reduces on&dreepiedistinct
facial expressions.

Lack of group differences on AU Time. In contrast to the group differences on AU
Lability and AU Variability, both PD patients and controls did not differ on “AU &iha
variable which, contrary to our initial plans, was not included in the main analydessitidy.
AU Time measured the proportion of time during which one or more AUs -- other than AU O
which denotes the absence of an observable facial action -- is produced. For irfstagigeni
participant produced at least one AU for 30 s of a 60-second video clip, the AU Timeovalue f
that clip was 0.5. To our knowledge, this or a similar measure was not included in any published
studies of facial movement in PD.

Because the preliminary examination of the video clips revealed that AUhEdkttle
relation to overall facial mobility, it was not included in the analyses reportie Results
section. Specifically, some patrticipants in each group produced the samdaklitig) duration
of the entire monologue. As a result, despite the high AU Time value of thasgpats, their
face had a mask-like, permanently “frozen” appearance. Conversely, sditipgas who
produced frequent but short facial movements (e.g., quick brow raises [AU 1+2] or eyelid
tightening [AU 7]) had moderate AU Time values and faces that appearededhimat

Nevertheless, we decided to examine whether the PD participants and cofiedd dn AU

40 A facial event is a set of one or more AUs elicited by the same stimulus.
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Time via a post-hoc Mann-Whitney U test. Confirming our intuitions, the averageA® Ti
levels for PD patients (M = 0.60, SD = 0.42) and controls (M = 0.63, SD = 0.39) did not differ
significantly, p=.748. Given that both group means for AU Time were not near either O (the
lowest possible AU Time value) or 1 (the greatest possible AU Time valigynlikely that

this negative finding is a result of floor or ceiling effects. Ratheppears that the changes in
facial expressions, which were measured by AU Lability and AU Véitighiather than their
presence, which was measured by AU Time, distinguish PD patients from demoagigphi
matched controls.

To summarize, the present study demonstrated that during the production of happy
monologues, PD patients, compared to demographically matched controls, showedsedecrea
repertoire (AU Variability) and rate of change (AU Lability) of smorgous facial expressions.

In contrast, the proportion of time during which a facial expression was observedmlasin
both groups. These findings replicate previous findings and add to our knowledge about
parkinsonian deficits in spontaneous facial movement.

Hypothesis 2a: Negative Bias in Others’ Perception of PD patients

In support of Hypothesis 2a, observers judged both the personality and behavior of PD
participants more negatively than those of demographically matched confpelsfically, PD
participants compared to controls were judged to have more introverted and anxious
personalities. Further, relative to controls, PD patients appeared bored, ténaedsguarded
and were less liked. The subclinical depression of some PD participants (aesépatients
with BDI scores indicative of severe depression were excluded fromutig shie depressive
symptoms of some PD patients were likely insufficient for a clinical dsigrad depression)

does not explain these negative impressions, as PD participants with mininegisdepr
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symptoms were also perceived negatively. Nonetheless, subclinical parae@®D appeared
to contribute to the negative perception of PD patients, as suggested by the sigmifgzdive
correlations between PD participants’ scores on the Beck Depressiotohyv@DI) and
observers’ personality (Pers+) and behavior (Beh+) judgments of theisgopats. These
correlations reflected observers’ tendency to perceive PD participahthighier BDI scores as
more introverted, dependent, anxious, tense, and guarded, and to like them less than PD
participants with lower BDI scores.

The perceived personality and behavior characteristics of PD patietite s@me or
closely related to the ones on which PD participants, relative to controésjugged negatively
in two previous investigations (Pentland et al., 1987, 1988). In these studies, PD participants
were judged to be less likeable and more anxious, tense, hostile, suspicious, and unhappy than
controls. Unfortunately, because no personality measures were adradjifitercurrent study
cannot investigate the accuracy of observers’ negative impressions. Hildetsat these
impressions reflected genuine personality differences between P&gaarts and controls. To
clarify this issue, evidence from other studies of how PD patients are pdrteomnsidered
next.

Evidence for a negative bias in others’ perception of PD patient$here is a
substantial amount of evidence that PD patients tend to exhibit charactersicgbigy traits.
Almost a century ago, Camp (1913) noted that PD “affected mostly those persons wisose live
had been devoted to hard work, either mental or physical,” and that individuals witls#aisadi
had “a very small proportion of alcohol or tobacco users.” Subsequent case reports have
elaborated on this idea noting that people with PD were frequently law-abiding geddili

individuals with a perfectionistic, overly moralistic, and rigid approach to life showed an
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excessive amount of self-control and little spontaneity of thought (e.g., Kortent&ikgs,

1972, as cited in Todes & Lees, 1985; Sands, 1942). In addition, these individuals tended to
cope poorly with emotional stress and had a manic-depressive quality to their mood patte
(Prick, 1966, as cited in Todes & Lees, 1985). Based on the review of such reports, Todes and
Lees (1985) concluded that the personality and behavior of PD patients was frequently
characterized by restraint, anhedonia, emotional inflexibility, introepecnd suppressed
aggression. However, because the evidence reviewed by Todes and Lees prichaalibg

clinical observations of very few patients, subsequent studies used more methatlplogic
rigorous methods to ensure that the authors’ conclusions were generalizablgelgd lar
independent of clinicians’ biases.

These more recent investigations have demonstrated that PD patients\seormanl the
novelty seeking scale and higher on the harm avoidance scale of the Tridimdhersoaality
Questionnaire than do healthy controls (Fujii, Harada, Ohkoshi, Hayashi, & Yoshizawa, 2000;
Kaasinen et al., 2001) or patients with rheumatism (Menza, Golbe, Cody, & Forman, 1993).
Given that individuals scoring low on the novelty seeking scale of that personabsure tend
to be reflective, rigidly moral, stoic, nonimpulsive, frugal, orderly, and persi@taniza et al.,
1993), these findings are in line with the earlier observations of the parkinsonianghiéysand
behavior. Notably, because increased harm avoidance is associated with snegd,shy
excessive worrying about the future, and depression, the higher mean score oéRbd pat
that scale is consistent with Prick’s (1966, as cited in Todes & Lees, 1985) report on the
emotional difficulties these individuals experience. In addition, PD patiertsstown to be
more nervous, quiet, serious, introverted, and self-controlled, on average, than their monozygotic

twins without PD (Duvoisin, Eldridge, Williams, Nutt, & Calne, 1981; Ward et al., 1984).
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Intriguingly, a prospective study (Bower at al., 2010) of a large cohort of 682&ipeants
showed that high scores on the anxious and pessimistic personality subscales ohdsetdi
Multiphasic Personality Inventory (MMPI) were associated with irsgdaisk of PD even when
the MMPI was completed at ages 20 to 39 (i.e., more than two decades earlier thaamthgene
of PD onset), strongly suggesting that high scores on these subscales veeneraidraspect of
the disease. In contrast, scores on the introversion, depressive, and novelty sikskalgs of
the MMPI did not predict risk for PD, suggesting that introversion and depression maee&se
a result of disease progression (Arabia et al., 2010; Bower at al., 2010).

Thus, there is considerable evidence that certain personality and behaviotertsics,
including moral rigidity, perfectionism, cautiousness, nervousness, excessuensml,
excessive worrying, depressive symptoms, and introversion, tend to occur rqaenthe
among individuals with PD than individuals without PD. Moreover, as many of these
characteristics (e.g., nervousness, introversion, and excessive woangradsely related to the
dimensions on which observers in this study made personality and behavior judgngendéade
versus happy, introverted versus extraverted, tense versus relaxed), this emidgests that
observers’ negative impressions are at least partly accurate. Howemrssiimlity of some
bias in observers’ judgments remains. For example, it is possible that iy stigbterted and
anxious patient seemed to be very introverted and extremely tense to observerssults a
observers’ judgments may have both reflected the patient’s personalitytendooend showed
a negative bias. To determine whether the perception of individuals with PD i3, lsegeral
studies examined whether PD patients and non-PD controls who scored similarly onlipersona

measures were nevertheless perceived differently by observers.
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For example, Pentland and colleagues (1987) were the first to compare P @aitent
controls (demographically matched patients with cardiac ischentiap participant groups who
scored similarly on personality measures -- in terms of how they wemr\metdy observers.
Observers, blind to whether a given patient had PD, rated each patient on a number of
personality and behavior scales based on a silent video clip from a clinecalent PD
patients were rated more anxious, tense, hostile, suspicious, and unhappy tharpatedits.
Pentland and colleagues (1988) then showed that despite their experience witle b, pat
healthcare professionals also perceived these individuals with a negative $msggasted by a
recent study (Hemmesch, Tickle-Degnen, & Zebrowitz, 2009), this biastsligterperception of
not only healthcare professionals, but also age peers of PD patients. Afieg\uisswideo
clips of PD patients describing a positive experience, age peers judged patieatsigh
degree of masking to be less socially supportive than those with a low degree, tthesfaitt
that both groups scored similarly on a measure of social supportiveness. Thisdlading
suggests that the negative bias is associated with a parkinsonian problem in nonverbal
communication, facial masking. Given the evidence that facial masking dwesnighen PD
patients speak about positive topics (Takahashi, Tickle-Degnen, Costa, & Latham,#910), t
persistence of this bias in the Hemmesch et al. study underlines itsytenacit

Taken together, all of the reviewed evidence suggests that observers’ negative
impressions of PD patients in the present study reflect the effect of twediffactors: genuine
personality characteristics more commonly found in this clinical populatida aegative bias
of observers. Because participants’ personalities were not formadlgsasks the relative
magnitude of each effect is unknown. Based on the available evidence, our prgliminar

conclusion is that the lower Pers+, Beh+, and Overall+ ratings of PD patentpared to
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controls, partially reflect the negative bias in the perception of indivigutisPD. Importantly,
as shown by observers’ negative perception of PD patients with minimal depsssptems
(i.e., patients with BDI scores of less than seven), the subclinical depressmmefPD patients
does not fully explain these negative impressions. However, as we discuss nexteRt® pa
depressive symptoms contribute to the negative way in which they are perceived.
Perception of interindividual differences in PD patients’ pesonality and behavior.
Because personality assessment was not carried out in this study, angioosalegarding the
accuracy of observers’ personality judgments must remain speculatwveevelr, the negative
and significant correlations of observers’ Pers+ and Beh+ ratings witbipants’ BDI scores
provide preliminary evidence that observers were sensitive to interindividuation in PD
patients’ mood. Moreover, observers’ tendency to judge PD patients with highec@bs as
anxious, tense, guarded, and introverted may mean that despite perceiving PB wahemt
negative bias (see the preceding subsection), observers are nevertheltbgs setie
symptoms of depression occurring in this clinical population. Given the estimiaéd %aaf
depressed PD patients have a comorbid anxiety disorder (Menza, Robertson-H&ffman,
Bonapace, 1993), it is likely that many PD patients with higher BDI scemeed to be more
anxious than those with lower scores. Also, in light of the evidence that hypenagdaacore
component of anxiety disorders (Beck, Emery, & Greenberg, 2005), it is concehatidRDt
patients with high scores on the BDI tended to be more tense and guarded than thiose wit
scores. Further, as low scores on extraversion have been linked to depressive atotggpm

and diagnoses (for reviews, see Clark & Watson, 1991a&b), PD patients with higlhscdses
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probably tended to be less extraverted than those with lower scores. In sumuthiese st
suggest that observers in this study were sensitive to participants’ depmsaptoms’

Given the significant correlations of BDI scores with Pers+ and Beh+ rattingsvorth
considering why similar relationships between patients’ scores on tiseirasa@f personality or
mood and observers’ judgments were not obtained in previous studies (Lyons et al., 2004b;
Tickle-Degnen & Lyons, 2004). These studies showed that observers’ faithgsoderate
sensitivity to PD participants’ levels of conscientiousness, agreeabl@mesopenness to
experience and low sensitivity to participants’ levels of neuroticism analvexsion. Moreover,
the judgments of neuroticism and extraversion were based on facial masking ama) whii--
two aspects of facial movement that are heavily affected by PD (Deusabdidemeier, 1998;

Karson, 1983) and are not associated with one’s neuroticism or extraversiorflguakset al.,

“1 Alternatively, it may be that observers’ ratings were not based on theo$igns
subclinical depression, but on some cues of behavior or appearance that are usletiéguare
depression. These cues may have caused PD participants who were rated ynagttisedtudy
to appear in a negative light outside the laboratory as well. These nqgatieptions may have
amounted to stigmatization, whether actual or perceived by the patient, whichutentto
patients’ depressive symptomatology. Findings showing that stigmatizateds snd social
isolation account for a large proportion of variance in the BDI scores of PD péKenisen,
Larsen, Tandberg, & Meeland, 1999; Schrag, Jahanshahi, & Quinn, 2001; for review, see Frisina,
Borod, Foldi, & Tenenbaum, 2008) support this alternative hypothesis. Although this account is
less parsimonious than the one suggesting a direct link between patientssige@mgsnptoms

and observers’ ratings, it cannot be ruled out.
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2004b). Because neuroticism levels are positively associated with depresgtensyri\Weiss
et al., 2009), the present correlations between BDI scores and observers’gatifligt with
these previous findings which show observers’ apparent lack of sensitivitytmdividual
variation in neuroticism levels among PD participants.

One reason for the discrepant findings may be the fact that PD participdrésen t
previous studies, as compared to the ones in this study, had much lower levels of depressive
symptomatology. Specifically, a cutoff of 6/7 on the Short Form of the Gerzgpcession
Scale -- an exclusion criterion that would screen out some PD patients Vdtleweis of
depressive symptoms (Almeida & Almeida, 1999) -- was used by Tickle-Degmkecolleagues.
In contrast, four PD patients in our study had BDI scores above 19 suggestive citenteles
of depressive symptoms (Beck, Steer, & Brown, 1996). As a result, the outwardstadionns
of subclinical depression among PD patients of this study may have provided an additional
information source for observers and thus may have improved the sensitivity of abserver
interindividual differences. Conversely, the absence of such cues in nondepregsaRtB in
previous studies may have lowered observers’ sensitivity. Thus, based on thenprglnesults
of the present study, we hypothesize that others’ perception of PD patierite mmaye sensitive
to interindividual variation than previously thought as long as a naturalistgeafmPD
patients (i.e., one that includes PD patients with comorbid depressive and anxigiysgms
examined.

To summarize, results suggest that PD patients with subclinical depresspmraeived
more negatively than nondepressed PD patients. However, in contrast to PD wdgdb lea
perceptual biases (see previous subsection), subclinical depression may helpotstrue

interindividual differences in the personality and behavior of PD patients.ugz=oca
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personality measures were administered in this study, and other studies didhmoedka
effect of clinical or subclinical depression on the perception of PD patients gob @ifdence
for this hypothesis is currently available. Clearly, the present findingsscate the need for
future investigations clarifying the role of subclinical depression, a conditibrstheghly
comorbid with PD (Burn, 2002; Leentjens, 2004), in the social functioning of PD patients.

One may expect that similar to depressive symptomatology, the race of cbhsenve
participants affects the judgments of participants’ personality andioeh&8ecause only six
participants out of 56 participants in this study were non-Caucasian (see Tahie S)ydy did
not examine the effect of participant race on such judgments. In contrast, theaonailt
composition of the observer sample (see Table 4) enabled us to show that the race aobserve
did not moderate their perception of participants. These findings are consistetitewi
empirical evidence for agreement between the judgments of individuals’ péssorade by
observers of their own race and culture and those made by observers of atddfEreand
culture (Albright et al., 1997; Rule et al., 2010), regardless of whether the judged iatiividu
were Chinese, American, or Japanese. Thus, we hypothesize that the preseys dizndibe
replicated with observers and participants of different races and ethnicities.

Psychosocial impact of PD patients’ problems in verbal and nonverbal
communication. We have seen that nonverbal communication problems in PD, such as facial
masking, can lead to negative bias and lack of sensitivity in observers’ pensepthich
suggests that these problems may also disrupt the interactions of PD patisioks the
laboratory. However, with the exception of the studies reviewed earlier (eogs kyal.,
2004b; Pentland et al., 1987), these problems have been primarily discussed from a’slinicia

perspective. Specifically, several authors (Leentjens, 2004; Marsh, 2000) haventedtiat
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due to being a symptom in both PD and depression, facial masking, along with oth@nsympt
shared by these illnesses, complicates the diagnosis of depression in PD,llydeadiag to

both misses and false alarms (Lieberman, 2006). Studies (Shulman, Taback, RalBinstei
Weiner, 2002; Weintraub, Moberg, Duda, Katz, & Stern, 2003) showing poor accuracy of
around 35% in the diagnosis of depression among PD patients strongly support this conjecture
Given that early detection of depression may improve the cognitive perforimia@bepatients
(Kuzis, Sabe, Tiberti, Leiguarda, & Starkstein, 1997), the deleterious impadiaifrhasking

and other overlapping symptoms of PD and depression cannot be overstated.

In addition to making the diagnosis of depression in PD problematic, nonverbal
communication deficits may have other negative effects on the lives of RIbtpde.g.,
stigmatization). Although none of the known studies distinguished between verbal and
nonverbal communication when examining this issue, a clear distinction may often be
impossible, as the production and comprehension of two communication types are usually
interdependent (Rosenblum, Miller, & Sanchez, 2007). Thus, despite not being specific to
nonverbal communication problems in PD, these study findings may provide clues about the
impact of facial masking on the lives of people with PD and their caregivers.

When asked about PD-related problems in their lives, PD patients have indicatgd a ra
of problems in both surveys (Ellgring et al., 1993; Jenkinson, Peto, Fitzpatrick, Gre&nhall
Hyman, 1995) and intensive interviews (Dakof & Mendelsohn, 1989; Marr, 1991). Extending
well beyond the motor and cognitive impairments, these problems included bmstatisocial
interaction, communication difficulties, loss of social support, and social stignfactax
analysis on PD patients’ responses to a survey showed that these problems casksiflezicl

into three categories: physical, cognitive, and social (Brod et al., 1998). Comatramic
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difficulties (e.g., “expressing feelings”) fell into the social group, Wwlatso included “feelings
of social isolation,” “feelings of being a burden,” “feelings of depressiang’ “being taken
seriously.” Despite not allowing any causal interpretations, this findiggested that
communication difficulties were closely related to the disruptions in thel $oe@ioning of
individuals with PD. Moreover, such disruptions were widespread, as even thmleasbn
one (“being taken seriously by others”) was endorsed by 24% of the respondents.

Although not as readily quantifiable as survey data, PD patients’ responses-in se
structured interviews often provide a more nuanced view of the impact of comnamicati
difficulties in PD. A study (Miller et al., 2006) using this method to explore thehpsocial
consequences of speech changes in PD showed that PD patients were lessdcatiberne
disturbances in the acoustic parameters of their speech than with theheffectlisturbances
had on their interaction with others. One prominent concern that appears equadigtreldoth
verbal and facial communication was the frustration of not being able to expresseads and,
as a result, being frequently ignored or stigmatized (e.g., “considered’$taypbthers.
Patients’ ways to manage the problems they perceived were largely passigeng taking on
the role of a listener or even complete withdrawal from a social interactiotun&taly, active
ways of coping (e.g., explaining to people their communication difficulties, ikg&peir
sentences short, or seeking alternative communication channels, such as eotailoiting)
occurred as well. Given that exclusion from conversations undermines the dighityedderly
(Woolhead, Calnan, Dieppe, & Tadd, 2004), these findings underscore the major impact of
communication problems on the psychological well-being of PD patients.

Empirical studies (Miller, Noble, Jones, Allcock, & Burn, 2008; Schrag et al., 2001) have

confirmed the conclusion based on the interview data that it is often a patien¢gtjgercrather
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than a clinician’s assessment, of these communication problems that may l@poosint
when considering the disruption to a patient’s life. Specifically, these stediesled moderate
and significant correlations (in the .30 - .39 range) between the self-repogataxpatients’
communication problems arself-reported disease severity and levels of depression. Yet, itis
the subjective dimension of a patient’'s communication problem that is most difficalpture
within the time constraints of a medical appointment. This is demonstrated hyding fihat
the extent of verbal communication problems, as assessed by patient selfMé{gore( al.,
2008) or listeners’ intelligibility ratings (Miller et al., 2007), is only \Wigecorrelated with
clinician-rated disease severity measures (e.g., Hoehn and Yahrast#ue diagnostic
assessments of voice and speech. In contrast, PD patients and theiecategi/to have
similar perceptions of the severity of a patient’s communication problentisr(ti al., 2008).
Altogether, these findings suggest that these perceptions, although possiblyaiteacmed to
be taken into account during clinical decision-making because they determine howeR pa
and caregivers respond to their communication difficulties.

The important role of PD patients’ subjective views of their communicatioeudtfés,
suggested by these results, raises the question of whether impairments ibalonver
communication, the subject of interest in this study, are as evident to the pattéet, a
impairments in voice and speech, the main focus of some studies (e.g., Mille2@D3) just
discussed. Because one usually does not see his or her own facial movement, it gnagcbe ar
that PD patients are relatively unaware of their facial masking. Tdk®faawareness may thus
reduce patients’ embarrassment about this problem -- a sentiment theynskgeeds to their

speech (Miller et al., 2006) -- and consequently reduce its psychosocial aspect
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Two pieces of evidence challenge this argument. First, individuals with PD may be
aware of their facial expressivity deficits. Although the self-repdideial expressivity levels of
PD participants were similar to those of control participants in one study (Sehahs2004),

PD patrticipants’ self-reported facial expressivity was sigmtigdower than that of controls in
another study (Mikos et al., 2009). In addition, the proportion of participants substantaHy ov
or under-reporting their facial expressivity was similar for both groups in tkesMit al. study.
Second, even if individuals with PD are relatively unaware of their facial menvedeficits,

these problems may nonetheless have an indirect effect on patients’ well-laestrigiviing their
interactions with close others. To test this hypothesis, future researchhme&tend the studies
of Pentland, Tickle-Degnen and colleagues (Hemmesch et al., 2009; Pentland et al., 1998),
which have shown that facial masking leads to perceptual biases in the labooatooye t
naturalistic settings.

To summarize, despite the lack of evidence directly linking nonverbal communication
deficits with PD patients’ quality of life, extant studies suggest thaetimpairments may affect
the psychosocial functioning of this clinical population in several ways. Spdlgifias a result
of causing a misdiagnosis of depression, facial movement deficits may luelagatment of
depression in PD patients worsening their cognitive decline. Furthermoaépiasking leads
to a negative bias in the perception of PD patients by others. It remains embeh&ther this
bias persists across various interactions outside the laboratory, amountingtigntfagization of
a patient. Finally, PD patients’ subjective perception of their communicationtsliefic
associated with the severity of depression reported by these individuals. ti@terany, if not
all, PD patients are aware of their facial expressivity deficits aggsciation probably holds true

for impairments in both verbal and nonverbal communication.
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Hypothesis 1: Effects of LSVT on PD Patients’ Facial Movement

In support of Hypothesis 1, study results showed that LSVT, relative to control
articulation therapy, can improve facial movement in PD. Specificallynthmvement of
LSVT patients on the canonical variate combining facial variability dmttia(i.e., CV_H1)
was significantly greater than that of the control therapy group (ARGn@ny other groups.
Although the direct comparisons of LSVT and ARTIC groups on AU Varialilind AU
Lability A did not reveal statistically significant differences, comparisons of gpoiups with the
Untreated patients bore out the superiority of LSVT over the ARTIC th@namproving facial
movement. Specifically, whereas the increase of LSVT patients on \itele was
significantly greater than the corresponding increase of Untreated patientifferences
between ARTIC and Untreated patients on these variables were not signiftesanilar results
were obtained when the relative measures of changes in facial mobii@ysed (i.e., with the
change of each participant measured as the proportion of the average ¢ty of that
participant across Times 1 and 2). These differences between ARTIC andgt@YpE showed
that LSVT patients’ facial mobility increased due to treatment and reotassequence of a
more general effect, such as improved mood as a result of gaining a therapistisrat

Given the encouraging evidence that LSVT reduces facial movement defieis it is
important to examine whether certain PD patients are better suited to brenetfitis treatment
than others. The present study revealed one finding that may be relevanissutisn
interaction between the size of LSV T-related effects on facial moveanerd participant’s
education level. Specifically, LSVT patients with a higher education tmrabnstrated a
greater increase in facial movement, as measured by CV_H1, than pattaipth a low

education level. Although one speech language pathologist noted that she adapted the
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application of LSVT according to patients’ education level (Parkinson’s Companion, 2040), t
finding, to our knowledge, has not been noted in prior studies involving the effects of LSVT.
This is a surprising result because LSVT is administered primarilydnygagsatients to imitate a
therapist’s voice and speech, and involves little explicit instruction (Trail,2005). Because
the cognitive load needed for such imitation is relatively low, it is not clegithenpatient’s
education level played a role in the magnitude of LSVT’s effect.

However, it may be that even the relatively low cognitive demands of LS\fTigs®
are processed differently depending on the educational attainment of the pBtiemegative
association between educational attainment and the risk of dementia in P2{&latL 996)
supports this interpretation. This interpretation is also consistent with titadaetducation
level is one of the strongest predictors of cognitive reserve - the abibiytimize or maximize
performance through differential recruitment of brain networks (Stern, 2002). Thus, due
higher cognitive reserve, PD patients with higher education levels in ouresaraplhave been
able to process LSVT assignments more efficiently and, as a resufit rene LSVT more
than PD patients with lower education levels. Because the relationshigbehgeeffect of
LSVT on facial movement and a participant’s education level was obtained inaggpjor
analyses without corrections for multiple comparisons, this intepretationcisiaipee and needs
to be tested in future studies.

Speculative mechanisms underlying the effect of LSVT on facial moveme What is
the mechanism underlying the effect of LSVT on facial movement? Althougtt dinelence
regarding this issue is lacking, hypotheses can be formulated based onnfiegkrowledge
about neuroplasticity in the parkinsonian brain. Investigations in this area not aedy treat

non-surgical interventions can slow the progress of PD but also provide informationheout
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critical components of such interventions. Based on these studies, it is arguecéasplects
of LSVT are critical for alleviating facial movement deficits iD.PWe now review these
components and the evidence supporting their therapeutic potential.

LSVT is intensive and directly targets the deficits of PD patientsPD disrupts the

neural programming of motor and vocal output. LSVT is based on the hypothesis that this
impairment results in vocal characteristics (e.g., loudness) that are too émhieve the
speaker’s objectives (Trail et al., 2005). In view of this hypothesis, it mayrappéauccessful
treatment of PD patients’ voice and speech deficits should not be based on pragéqumege
loudness, but rather on providing compensatory strategies. However, recent studesstehow
the neuroplasticity of basal ganglia pathways and therefore the potent@li¢te reeurological
deficits in PD may be higher than previously thought. These reports suggest thattthe key
unlocking this potential may be the intensive exercise of a compromised brainrfunct

The initial evidence for this idea came from investigations examining fietbf
intensive physical exercise on rodents that were injected with 6-hydroxyape@yOHDA)
and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), dopamine neurotoxihg, medial
forebrain bundle (Tillerson et al., 2001; Tillerson, Caudle, Reveron, & Miller, 2002, 2003).
Rodents injected with these neurotoxins, which drastically deplete nigralstiopamine levels
and cause akinesia of the forelimbs, serve as the animal model of PD. In aipipsieely
(Tillerson et al., 2001), rats who were forced to use the impaired forelimb forkanitban 12
hours following a 6-OHDA injection (i.e., by putting their nonimpaired forelimbeast) did
not show preferential use of any forelimb after removal of the cast. Moreovelrjdba s
dopamine levels of these rats were not significantly different from thasengfl rats that

received sham injection. In contrast, rats who did not wear a cast ptefemg an impaired
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limb for the entire study duration. Also, akinesia and striatal depletion welenéwun the
“noncasted” rats 67 days after the injection. Interestingly, the dopamis@tidts whose
nonimpaired limb was restrained three days after the injection were not spanddr 18sults
were obtained when mice that were forced to run on a treadmill twice a dHY diarys
following a bilateral MPTP injection were compared to control mice that did nettheadmill
training (Tillerson et al., 2003). The important clinical implication of theserfgglis that
practicing motor skills mildly impaired by PD may considerably slowhirrteclines of those
skills and have neuroprotective effects.

Extending these results, subsequent studies (Fisher et al., 1994; Petzinger et al., 2007)
showed that lower running speed, an ordinarily permanent motor deficit of micedhyeith
MPTP, could not only be prevented but reversed by physically training the mibe. eltércise
program was long and intensive (Fisher et al., 1994), the decrement in speed wasrdlnebs
eliminated even if the mice were initiated on an exercise program four derytafinjection,
when the process of MPTP-induced cell death had ended. In other words, the effectds® exe
were not only neuroprotective, but also neurorestorative. The importance of exdermnsity
became especially apparent in the emerging studies of the benefits oaptrgsing in PD
patients. Similar to the exercise regimens administered to rodents, tiaitiege studies
involved practicing the abilities compromised by PD (e.g., walking) ratlaerteaching
compensatory strategies.

In two studies that examined the effects of physical training intensity ompé#uwi@gains
in PD patients (Fisher et al., 2008; Pohl, Rockstroh, Ruckriem, Mrass, & Mehrholz, 2003), all
basic parameters of gait and balance improved after both high- and low-intexesityill

training programs. However, the greatest evidence for improvement was obstwvéteaf
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high-intensity treadmill programs, as compared to the less intensivapr®agn both studies.
In addition, in the Fisher et al. study, high-intensity but not low-intensitgrimgdatraining
resulted in the decrease of corticomotor excitability -- measured ugctemial magnetic
stimulation -- which is abnormally high in PD. Other studies showed that besidessing
walking speed, intensive speed-dependent treadmill training reduced postaiility and fear
of falling in PD (Cakit, Saracoglu, Genc, Erdem, & Inan, 2007; Herman, Giladin@mger, &
Hausdorff, 2007). It has been hypothesized that these therapeutic benefitdiatedrisy
increases in brain-derived neurotrophic factor (BDNF), a molecule imglicateeurogenesis
and reduction of free radical formation, an important process in the pathophysioldgy in P
(Archer, Fredriksson, & Johansson, 2010; Keus, Bloem, Hendriks, Bredero-Cohen, & Munneke,
2007).

Altogether, investigations just reviewed demonstrate that physical xeam halt and
even reverse the loss of motor functions in PD. Importantly, rather than beght)strategies
to compensate for their deficits, animal or human participants in each ofriliestgations
were intensively trained to use functions (e.g., walking) that were impairdz bhgss of
dopamine in the basal ganglia. Similar to these training programs, LSVT wavidesive
practice of the ability impaired by PD: phonating and speaking with adequateaugaddude.
As the studies reviewed in this subsection suggest, this therapeutic approadrtipag\yerse
these impairments. However, given that LSVT is a voice treatment, theveelvevidence does
not explain why in addition to diminishing the deficits of hypokinetic dysarthroek&ton et al.,
2007), LSVT also reduced facial movement deficits of patients in this stuidyhypothesized
that at least two factors facilitate the carryover of LSVT's ¢$fea facial movement. Together

with the supporting evidence, these factors are discussed in the next two subsections
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LSVT is parameter-specific rather than task-specific. Many current rehabilitation

programs for PD patients focus on helping patients overcome motor difficulbesgththe use
of problem-specific therapeutic approaches. Thus, PD patients may practicebatiple
movements to alleviate the freezing phenomenon when they intend to start walkingelye
Pinhasov, Shahar, & Sroka, 1991) and they may be taught the use of external cues forgmprovin
their gait once they walk (Suteerawattananon, Morris, Etnyre, Jankovic, & ,F200:s.
Although such problem-specific approaches are effective (e.g., Mohr et al., 1996)s tlitde
evidence that the resultant therapeutic gains generalize acrossidskstexts (Farley, Fox,
Ramig, & McFarland, 2008). Due to this lack of generalization, PD patients need tmbeaa
large number of therapeutic tools if the full range of their motor problems is to lesseldir
However, because, due to the constraints on patients’ time and cognitive capadfyatiely
possible, rehabilitation paradigms based on such approaches are unlikely to hdere¢anging
impact on PD patients’ motor function.

Instead of teaching PD patients problem- or task-specific strate§e3, aims to target
abnormalities in the neural programming of vocal amplitude (loudness). Neurophysiologi
studies show that similar abnormalities in the programming of movement amglreidecritical
component of a wide range of motor deficits in PD (Berardelli, Rothwell, Thompsoa||&tt1
2001). Further, the programming of amplitude (also known as “amplitude scaling”) fppear
be dependent on the same brain region, a functionally segregated circuit in tlgabgkal
involving the caudolateral regions of the striatum (Jueptner, Frith, Brooks, Fra&kdwi
Passingham, 1997; Lehericy et al., 2005), for a wide range of automatic behawens that
voice modulation and spontaneous facial movements are largely automatic, thiseevidenc

strongly suggests that their regulation may rely on the same computatiorsiarzein the
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basal ganglia. This is also suggested by the hypometria, inadequatelytal&récaled”)
amplitude, of facial movement in PD (Smith et al., 1996). Thus, by targeting the pnoigigam
of movement amplitude, LSVT may have partly normalized these operationgngesuthe
reduction of both voice and facial movement deficits in PD. The increased ampligrde a
LSVT would result in greater AU intensity (i.e., reduced hypometria of faus@ement), which
may explain some of the findings in this study, as the following hypotheticalptea
demonstrates.

Suppose that before the onset of PD, a given individual had a tendency to produce two
facial events while telling a happy story: a high-intensity AU 6 + 12 andritensity AU 17.
Further, suppose that due to PD, the amplitude of muscle contractions needed to produce these
facial events became underscaled. As a result, the motor commands to produagenksity-i
AU 17 would not result in an observable AU, and AU 6+12 would be produced with low rather
than high intensity. If LSVT normalized facial movement by rescaliagitiderlying motor
programs, this person would produce two unique events (AU 6+12 and AU 17) after LSVT
instead of just one event (AU 6+12) before it and thus show an increase in AU Wgriabil
Further, due to the repeated occurrences of AU 17, AU Lability would increasslad he
mechanism of LSVT’s action hypothesized in this scenario leads to a numbealoletest
predictions (see Future Directions below).

Nevertheless, if the rescaled amplitude of automatic movements followwigj W8re
the only reason PD participants’ facial mobility improved after treatmémtutmatic
movements of these patients rather than only facial movements would have improvageBeca
this probably did not occur, there must be factors that facilitated the carofdv@¥T’s effect

to facial movement but not to other automatic behaviors of LSVT patients. We rsipettieat
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one of these factors is the close relationship between vocal parameters and dct@utf the
lower face muscles. The evidence for this hypothesis is reviewed next.

The contractions of the lower face muscles are closely coordinated wibcal

amplitude, the target of LSVT. Studies discussed in the Introduction have shown various

instances of coordination between vocal parameters and lip movements, includigg stron
correlations between the timing of vocal fold closure and timing of lower lip mevesniGracco
& Lofgvist, 1994) andbetween vocal intensity and lip velocities (Dromey & Ramig, 1998).
Also, significant correlations between vocal intensity and lip velocitidbatween fundamental
frequency (i.e., an acoustic characteristic that underlies pitch and is ideid iy laryngeal
movements) and lip velocities were obtained in 50-86% of participants with norreahspe
(McClean & Tasko, 2002). Taken together, these results show that vocal pasaf@ef.,
fundamental frequency) are highly coordinated with those of lip movements.

Complementing these results, additional investigations revealed that soifa
movements, cheek movements are also associated with vocal parameters. Riay&un,
and Vatikiotis-Bateson (1998) found that 73% of the variance in the spectral envelope (a
measure derived from sound frequency and amplitude) of a sentence was accounytéaefor
movement parameters of the lips, chin, and cheeks. In another study, correlatior0#%®.5
were found between the distance traveled by the cheek markers and th¢ speelnae of a
vowel (Jiang, Alwan, Bernstein, Keating, & Auer, 2000). The exact magnitude ajrtieéation
depended on a speaker, showing the importance of individual differences in theseste{ss.
To our knowledge, associations between vocal parameters and facial movemeath@bo
cheeks have not been investigated. Nevertheless, the positive correlatiorenitae

movement parameters of muscles in the lower facevacal amplitude and/or frequency point
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to the close relationship between two channels of expression (facial angdarataredict that
LSVT-related increases of vocal amplitude will be associated with théfaation of some
facial movements. Thus, due to its focus on vocal amplitude, LSVT may be eftdctive
changing the facial movement dynamics in PD.

Therapeutic implications. Although this study provides evidence supporting the
effectiveness of LSVT for reducing facial movement deficits in Phaukl be kept in mind
that due to being a vocal treatment, LSVT is unlikely to be the optimal tredfioné¢inése
deficits. Instead, a treatment designed to alleviate masked faciesliaaed on the principles
of LSVT may be the best way to improve the facial movement of PD patients. Theipgece
discussion suggests these principles: high treatment intensity, diredntaajgiarkinsonian
deficits, and focus on movement amplitude. The development of LSVT BIG, a therapy for
alleviating hypometria in PD, shows that the design of an effective new treédiased on these
principles is possible (Farley et al., 2008). Instead of learning compensta#iggies for
hypometria, LSVT BIG patients practice performing large-amplitudele-body movements
with high effort and intensity inside the therapist’s office and in theiy dia#¢s. LSVT BIG
patients showed a significantly greater improvement on the Unified Parkinssees® Rating
Scale and timed walking tasks than control PD patients (Ebersbach et al., 2011t9.résstts
of the present study suggest, the principles of LSVT and LSVT BIG may alsiided tor
treating facial movement deficits in PD.

Hypothesis 2b: The Effect of LSVT on the Perception of PD Patients bytlers

The main analyses of this study provided little evidence for Hypothesis 2bS¥Wat L

relative to ARTIC therapy, will improve others’ perception of PD patienggecifically, changes

in the ratings of LSVT participants at Time 1 versus Time 2 did not differ signify from
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those in the ratings of the ARTIC participants (Contrast 2) or those in thesrafitigee other
groups combined (Contrast 1). This was the case for the Pers+, Beh+, and Qaengjst
However, additional analyses qualified these results showing significaeages in the
Overall+ and Pers+ ratings of the LSVT group from Time 1 to Time 2. Thisnmmaty result
suggests that LSVT may have improved observers’ perception of LSVT patiasthaidy.
Intriguingly, the Overall+ and Pers+ ratings of the Control group showeldsintreases. By
contrast, changes in the Beh+ ratings of any participant group were not aignific

Potential reasons for the obtained resultsAlthough the main contrasts did not support
Hypothesis 2b, the present findings, when considered together, do offer prelinvidance for
this hypothesis. Specifically, the significant increases (from Time Inte Z) in the Pers+
ratings of the Control group clearly contributed to the lack of statisticafisgmte of Contrast
1 (the change in the ratings of LSVT participants versus changes in the atthgee other
groups) in the main analyses. Although Contrast 2 (the ratings of ARTIC ve3$tisfatients)
was also nonsignificant, additional analyses showed that there was an imp&igeentck
between the two groups: whereas the improvement in observers’ Pers+ judgnh&\s of
patients was significantly greater than the corresponding changes indbptjpa of the
Untreated group, changes in the Pers+ ratings of the ARTIC and Untreagedspa@itl not differ
significantly. In other words, whereas LSVT, relative to no treatment, apjaled to the
improved perception of patients’ personalities by observers, this was notehferctee
articulation therapy. Furthermore, the analyses of ratings on each pieyswade showed that
LSVT patients were judged to be more secure, extraverted, and independent, andreere m
liked after than before treatment. Because all these traits are ceddiolée positive attributes

by most young Americans (Cottrell, Neuberg, & Li, 2007), such as the ones in our observe
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sample, these results offer preliminary evidence that LSVT may hefaiéhts to be perceived
in a more positive light.

Because no treatment was administered to controls during the study, theasgnific
increase in the Pers+ ratings of these patrticipants is puzzling. Beeatsabserver never
viewed more than one clip of a given patrticipant, this result cannot be due to the exffesure e
(i.e., tendency to perceive a stranger in a more positive light upon repeated expbsiead,
we hypothesize the following explanation for this unexpected finding. It may téutao their
increased familiarity with the study procedures and personnel, all pantisifelt more
comfortable and confident while producing a happy monologue at Time 2 than Time 1. The
increase in confidence may have manifested in certain facial cues of sthatolvere processed
by observers and affected their judgments. The treatment-related inaré&asal mobility of
LSVT patients may have also facilitated the expression of increased tteméds on their faces
at Time 2. Conversely, the reduced facial mobility of the Untreated and ARTi&D{sanay
have masked their feeling of ease and, as a result, prevented any changesensO Psrs+
judgments. As the lack of significant increases on CV_H1, AU Variability, andability in
the Control group suggests, these measures did not capture the facial ralesysige increased
comfort level of participants. As discussed in the next section regarding Hsisdbethe lack
of significant correlations between these facial measures and obsamdgragnts also suggests
that other facial cues, not measured in this study, were the basis for theaddPeas+ ratings of
LSVT and Control groups.

The present findings raise the question of why the Pers+ but not Beh+ ratingd showe
significant increases. We hypothesize that the reason for this diffesetied the task of

judging participants’ behavior was implicitly interpreted by many obss@®the requirement
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to focus on only those cues that leave relatively little room for doubt. On the cohteayse
personality is a less tangible construct than behavior, the task of judgirgpaats’ personality
may have encouraged some observers to use more subtle cues as the basis fomtleitsjudg
Consequently, observers may have been more sensitive to changes in facial mdvement (
Time 1 to Time 2) when rating participants’ personality, as comparedrig kaghavior.

The preliminary nature of the tests supporting Hypothesis 2b.The increase in the
personality ratings of LSVT patients from Time 1 to Time 2 appears eagiagrwith regard to
LSVT-related reduction of observers’ negative impressions of PD patients. veipwes
finding needs to be interpreted cautiously because the effect of LSVT on sher&ergs was
evident only in additional analyses in which statistical significance le\esis mot adjusted for
multiple comparisons. Also, the practical implications of this finding may hetinfor two
reasons. First, it is unknown whether the magnitude of this effect is suffydemge to have a
meaningful impact on the social interactions of the patient. It should be noted, howewbe tha
increase of 0.21 in the Pers+ ratings of the LSVT group -- roughly 30% of teeedide
between the Time 1 Pers+ ratings of LSVT and Control groups (see Table 9 appear to be
encouraging. Second, similar to LSVT-related improvements in facial movesmgnt
reductions in observers’ negative impressions immediately after LSYThatgersist over
time. As discussed below, we aim to collect the personality and behavios raitipgrticipants
at a six-month follow-up to address this issue.

Hypothesis 2c: Facial Mobility as a Mediator of LSVT’s Effect on OthersPerception of PD
Patients
Investigations of facial cues as the basis of personality inferences hawre thlad such

inferences are based on permanent facial features (Montepare & Z2ebi®88; Zebrowitz,
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1996, 1997) and transient facial expressions (Knutson, 1996; Marsh, Adams, & Kleck, 2005).
We hoped to extend these findings by showing that such inferences are also basegtbbalthe
measures of facial mobility (e.g., AU Variability). However, the datiens between PD
patients’ Time 1 scores on these measures and observers’ Pers+ and Beh-ofrtiege
patients were nonsignificant suggesting that personality and behavior ieesmeanade based
on other aspects of appearance and/or behavior. Furthermore, Hypothesis 2¢c was nodl supporte
as none of the facial mobility measures used in this study mediated theoetf&&/T on the
personality and behavior judgments of observers.

These negative findings raise the following question: what cues could haveetiediat
LSVT-related increase in the Pers+ ratings? Because observelsstrreted to base their
ratings on participants’ facial communication (see instructions to obsenviéres Appendix), we
believe that facial cues that were not measured in this study mediatedsL&§#€t on the Pers+
judgments. Based on previous studies implicating specific facial expressitheskaasis for
personality judgments (Marsh et al., 2005), we hypothesize that the frequencyirsied&ty of
specific AU combinations influenced observers’ judgments and mediated theo& & T.
Further, because, due to increased facial mobility, LSVT patients probglgss&d positive
feelings more frequently and/or intensely during the happy monologues, thes@ttheaidence
(or intensity) of happy facial expressions may have acted as a medie®vD's effect. A
previous study showing that people with a happy facial expression are percehigher in
extraversion (Borkenau & Liebler, 1992) than the same individuals with a neutratsijor
supports this interpretation. Because higher Pers+ means reflectedad@ea®s on a number
of positive attributes, including extraversion, this investigation predicts tleeva@asincreases in

the Pers+ ratings of LSVT patients due to more frequent (or intense) happysexm @s this
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group after than before treatment. According to this account, a higher freoemdgnsity) of
happy expressions should be associated with higher Pers+ ratings. We getinhis prediction
in future studies.

Future Directions

What is the mechanism underlying the effect of LSVT on facial movement®SVT is
hypothesized to achieve therapeutic gains by normalizing the inadequate ¢mmpmiteocal
amplitude in the parkinsonian brain (i.e., a mechanism termed “rescaling\by proponents
[Sapir, Ramig, & Fox, 2011]). If, as we hypothesize, LSVT affects faci@lement through the
same mechanism, it is likely that LSVT would increase the amplitude édeice hypometria)
of facial movement, resulting in greater AU intensity. Because the mechasfibnaglykinesia
and hypometria overlap (Berardelli et al., 2001), LSVT is also expected to these
bradykinesia of facial movement in PD (Bowers et al., 2006a), resulting in thenshgixé AU
onset durations (i.e., duration between the onset of an AU and its apex).

The hypothesis that LSVT raises the amplitude of facial movementuglgests that AU
Variability and AU Lability increases observed in this study are rastafions of this effect. To
relate the increases on these variables to reduced hypometria, we hypdtbadier that due to
hypometria, AUs that would otherwise be produced with high intensity are produbddwi
intensity, and AUs that would otherwise be produced with low intensity are not prodéieed. |
given person has the tendency to produce certain AUs (e.g., AU 23, also known as the “lip
tightener”) with low intensity, the advance of PD would eliminate the productitresé AUs in
that person. By reducing hypometria, LSVT would allow patients to produce thegaémsity
AUSs, thereby increasing the overall number of AUs (increased AU Labihty}ee range of

different AUs (increased AU Variability). This account predicts thaafgiven LSVT patient,
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AUs ordinarily produced with low intensity would show greater LSV T-relatecases in their
frequency than AUs ordinarily produced with high intensity.

To summarize, the hypothesis that LSVT affects facial movement ggrbgnieducing
hypometria and bradykinesia predicts that LSVT would lead to: a) geeatmage AU intensity,
b) shorter AU onset durations, and c) greater increases in the frequency tiakldre usually
produced with low-intensity, relative to AUs usually produced with high-intensitg, diyen
person. By quantifying the facial movements of participants in this study omadtiineasures,
such as the intensity and onset duration of each AU, we plan to test these predi¢tibos-
up work.

Which facial events serve as the basis of personality and behavior judgments?
Besides measuring facial movement on additional variables for a more thoralggisaof the
current dataset, we plan to examine changes in the frequency of sesiatafants from Time
1 to Time 2. This analysis will test the hypothesis that unlike changes in tlegaiggmeasures
of facial mobility (e.g., AU Lability), changes in the frequency ofdhevents that usually
communicate emotionally salient informatfdgave rise to the increase in the Pers+ ratings of
LSVT group and, more generally, serve as the basis of personality and behavitentslg
Because participants produced happy monologues, facial events involving satleas AU 12
and AU 6+12, appear to be good candidates for probing this hypothesis. Thus, as in the tests of

Hypothesis 2c¢, the mediation analysis will be used to examine whether isdretse

42 For instance, a facial event consisting of AUs 6, 15, and 17 is usually interpreted as a

reaction of sadness.
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frequency of these facial events from Time 1 to Time 2 mediate the efleS8¥/adfon the Pers+
ratings. Given the evidence suggesting that PD patients produce a lower nusthgeofvith a
check raise than do controls (Simons et al., 2004; Smith et al., 1996), it is possible that the
frequency of AU 6+12 (smile with a cheek raise) increased to a greatet e the frequency
of AU 12 (smile without a cheek raise) as a result of LSVT. Further, besailes perceived
as “false” -- which frequently correspond to smiles without a check faiaak et al., 1993;
Gosselin et al., 2002) -- are produced by PD patients more often than by contcalsn(t al.,
1990), it is conceivable that increases in the frequency of those two facial lexeathe
opposite effects on the Pers+ ratings. Taken together, these findings Suggasiging
possibility that an LSV T-related increase in the proportion of “sincere’esnlU 6+12) leads
to the improved perception of LSVT patients’ personalities by observers. Weo@aplore

this interesting scenario by recording the occurrences of these smalésllow-up study.

The distinction between “sincere” (AU 6+12) and “false” (AU 12) smilesngplifies the
greater voluntary control in the production of AUs in the lower face, such as AU 12, cdrtgpare
AUs in the upper face, such as AU 6. Given the different neuronal substrates of volodtary a
involuntary facial movement (Morecraft et al., 2004), the differential effec&MT on muscle
contractions in the upper versus lower face would be informative with regard to tbiogmeat
mechanisms of LSVT. For this reason, we plan to examine the effects of L afatedy for
the two types of facial movements in a future investigation.

Is the reduction of facial movement deficits in LSVT patients maintaied at a Six-
month follow-up? Although the obtained effects of LSVT on facial movement in PD are
encouraging, it is possible that these effects are transient. If thisdaseit is impractical to

use a treatment based on the principles of LSVT to treat facial movemeitsdefPD. Given
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the psychosocial impact of these deficits, discussed earlier, the imgootfaghetermining
whether such treatment can achieve long-lasting increases in faciditymsigiaramount.
Evidence that improvements in vocal characteristics in PD are maintaineddfastawo years
after LSVT completion (Ramig et al., 2001) is encouraging in this resdees Wwe
hypothesized earlier, the same neuronal mechanisms are involved in scaéingptitede of
voice and facial movement, it is conceivable that LSVT-related improvemetfatsi aif
movement abnormalities also persist over time. To examine this possibilihgpgpg
monologues produced by participants at a six-month follow-up are currentlydodiected. We
plan to analyze participants’ facial movement in these monologues to bettetamdi¢ng long-
term benefits of LSVT.

Do the findings of this study generalize to the expression of other ematis? The
comparisons of PD-related impairments in facial emotional expression ddfessnt emotion
types suggest that both posed and spontaneous expression of happiness and disgusaléye espec
impaired in this clinical population (Madeley et al., 1995; Simons et al., 2003 & 2004; $mith e
al., 1996). In contrast, another study suggests that facial masking in PD dimirt&meB v
patients speak about happy topics (Takahashi et al., 2010). This discrepancy may bleedue to t
fact that, with one exception (Smith et al., 1996), all the analyses showing that &ispate
impaired in the facial communication of happiness, relative to other emotions, involved pose
emotional expressions. By contrast, Takahashi and colleagues examined spontangonale
expression, the focus of this investigation. If, as the Takahashi et al. studgtsug@epatients
are most impaired when speaking about negative or neutral topics, it is impoaneértain that
LSVT can improve PD patients’ communication in these situations as well. Tathiwe plan

to analyze the facial movements of the same participants as they produgedrahgad
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monologues. Although these data were not analyzed in the current study, participduntegbr
these monologues at Times 1 and 2 as part of a larger project.
Study Limitations

The design of this study has several limitations that need to be taken into ageennt
interpreting its results. First, although, as noted earlier (see theulrseéction of the
Discussion), the somewhat low overall intercoder reliability of .71 is unlike®gtount for any
of the present results, a higher reliability index would increase onefislence in the study
findings. Second, because participants’ personalities were not assessatknbisn the extent
to which genuine personality differences between PD patients and controls, asldppbse
negative bias in observers’ perception of PD patients, contributed to the differehogsthese
two groups were perceived by observers at Time 1. Third, because observergualyhiated
the personality and behavior of strangers based on the silent video clips, some &fehe pre
findings may not apply to other, more ecologically valid settings. For instamceniclear
whether people familiar with a PD patient (e.g., the patient’s physicigtadives) perceive the
patient with a negative bias. As most human interactions occur among peopk faithlone
another, investigating the impact of PD outside the laboratory remains an imgodhfar
future studies. Fourth, the personality and behavior rating forms included onlydarfensions
used in previous studies (e.g., Pentland et al., 1987) showing that PD participants geste jud
negatively by others. Consequently, the present findings offer a limited anblpbsssed
description of how PD patients are perceived by others and how others’ perceptions of these
patients are impacted by LSVT. For instance, it may be that although p&tiéhts were
viewed more positively after, relative to before, treatment on the persatiaigysions used in

this study, observers’ perception of these patients changed in the oppositerdoaaither
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personality characteristics. This does not appear likely, as other stugiegi(kle-Degnen et
al., 2004) did not find any evidence for perceptual biases in the perception of Pipgatgion
those other characteristics (i.e., the ones that were not included in this studgjthdless, it
may be worthwhile to examine observers’ perceptions of PD participants in a more
comprehensive fashion. Fifth, because participants did not complete the BDI &, Tinse
possible that some participants became clinically depressed. Bednicsdxldepressed
individuals, relative to healthy controls, show fewer facial emotional exprssand less facial
muscle activity while viewing or imagining positively valenced stimukliécke & Shapiro,
2000; Katsikitis & Pilowsky, 1991), the low AU Variability and AU Labilityoses of some
participants at Time 2 may have resulted from their depression rather tharhBf) intergroup
differences in the proportion of individuals who were clinically depressed & Zimay have
spuriously caused significant intergroup differences on AU Varialaléynd AU LabilityA and
thus confounded the effect of LSVT on facial movement. Although the short period of only one
month between the first and second assessments makes it unlikely that a substah&a of
participants were clinically depressed at Time 2, knowing participantss8@es at Time 2
would have made the present findings more convincing. Seventh, information regarding the
fidelity of ARTIC and LSVT. Due to the lack of this information, it is unknown whetihetwo
clinicians administering these treatments deviated from the standamiagdent protocol
(Ramig, Pawlas, & Countryman, 1995) or whether the patients completed their tdimew
assignments. Although the effort to make both treatments identical on a numbealdésar
(e.g., treatment intensity, see the Method section) makes it unlikely thaedent findings
resulted from patient noncompliance or clinicians’ deviations from the manudénee for the

fidelity of LSVT and ARTIC administration would have strengthened the stoiiglgsions.
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Finally, observers in this study were drawn from a convenience sample of young sfiuhents
courses in introductory psychology. Thus the findings regarding their perceptioticppats
may not be generalizable to other age groups. Though negative biases in the percBftion of
patients were also observed among their age peers (Takahashi et al., 201G®tuUdteseshould
attempt to recruit a random sample of observers.

Summary of conclusions

The present study demonstrated that during the production of happy monologues, PD
patients, compared to demographically matched controls, showed a decreasenla€¢pért
Variability) and rate of change (AU Lability) of facial expressions. dvelable evidence
suggests that these impairments of facial movement may disrupt the livegati®ms by
causing a misdiagnosis of depression, delaying the treatment of depred3iwpatients and
worsening their cognitive decline, and leading to a negative bias in the perceptidmpatiéhts
by others. Remarkably, despite this negative bias, observers appear to be ser2dive
patients’ symptoms of subclinical depression. Besides facial movemenisdeficluster of
negative personality characteristics, which appears to be more common ampatigh3 than
others, may contribute to the negative perception of PD patients.

Study results showed that LSVT, relative to control articulation therapygltviate the
facial movement deficits of PD patients. The available evidence fromsitithes suggests at
least three reasons for these effects: LSVT is intensive and didacigts the deficits of PD
patients, LSVT is parameter-specific rather than task-speaiiicthee contractions of the lower
face muscles are closely coordinated with vocal amplitude, the target of. LE\éTpresent
study provided preliminary evidence that LSVT can also improve others’ percepfD

patients. We conclude that LSVT-related increases in the frequency amérfsity of specific
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AU combinations, rather than increases in overall facial mobility, medi&¥d’s effect on

observers’ perception of PD patients.
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Tables

Table 1

Single AUs in the Facial Action Coding System.

AU number FACS Name Muscular Basis

1. Inner Brow Raiser Frontalis, Pars Medialis

2. Outer Brow Raiser Frontalis, Pars Lateralis

4, Brow Lowerer Depressor Glabellae, Depressor
Supercilli; Corrugator

5. Upper Lid Raiser Levator Palpebrae Superioris

6. Cheek Raiser Orbicularis Oculi, Pars Orbitalis

7. Lid Tightener Orbicularis Oculi, Pars Palebralis

9. Nose Wrinkler Levator Labii Superioris, Alaeque
Nasi

10. Upper Lip Raiser Levator Labii Superioris, Caput
Infraorbitalis

11. Nasolabial Fold Deepener  Zygomatic Minor

12. Lip Corner Puller Zygomatic Major

13. Cheek Puffer Caninis

14. Dimpler Buccinator

15. Lip Corner Triangularis

Depressor

16. Lower Lip Depressor Depressor Labii

17. Chin Raiser Mentalis

18. Lip Puckerer Incisivii Labii Superioris;
Incisivii Labii Inferioris

20. Lip Stretcher Risorius

22. Lip Funneler Orbicularis Oris

23. Lip Tightener Orbicularis Oris

24. Lip Pressor Orbicularis Oris

25. Lips Part Depressor Labii, or Relaxation of
Mentalis or Orbicularis Oris

26. Jaw Drop Masetter; Temporal and Internal
Pterygoid Relaxed

27. Mouth Stretch Pterygoids; Digastric

28. Lips Suck Orbicularis Oris

Note.From “Introduction: The study of spontaneous facial expressions in psycholgdy, b
Rosenberg, In P. Ekman, & E. L. Rosenberg (Eds.), What the face revealsaihajplied
studies of spontaneous expression using the Facial Action Coding System (RX@8); pp.
14). New York, NY: Oxford University Press.
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Table 2

More grossly defined AUs in the Facial Action Coding System.
AU number FACS Name

8. Lips Toward Each Other
19. Tongue Out

21. Neck Tightener

29. Jaw Thrust

30. Jaw Sideways

31. Jaw Clencher

32. Lip Bite

33. Blow

34. Puff

35. Cheek Suck

36. Tongue Bulge

37. Lip Wipe

38. Nostril Dilator

39. Nostril Compressor

43. Eyes Closure

45, Blink

46. Wink

Note.From “Introduction: The study of spontaneous facial expressions in psycholgdy,1b
Rosenberg, In P. Ekman, & E. L. Rosenberg (Eds.), What the face reveatsamaapplied
studies of spontaneous expression using the Facial Action Coding System (X@S8); pp.
15). New York, NY: Oxford University Press.
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Table 3
Participant Demographics and Relevant Medical Variables

Participant Group

Relevant
variable ARTIC LSVT Untreated Control Total
Sample Size 12 16 17 11 56
Age 69.3(10.3) 685(6.7) 65.7(8.9) (%15 66.5 (8.8)
Gender
Male 8 (66.7 %) 12 (75.0%) 13 (76.5%) (3644% ) 37 (66%)
Female 4 (33.3%) 4 (25.0%) 4 (23.5%) (6376% ) 19 (34%)
Race/
Ethnicity
Caucasian 12 (100%) 12 (75%) 16 (94%) (9112 ) 50 (89%)
Hispanic 0 (0%) 2 (13%) 1 (6%) 0(0%) 3 (5%)
Asian 0 (0%) 1 (6%) 0 (0%) 0(0%) 1(2%)
African
American 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
Other 0 (0%) 1 (6%) 0 (0%) 1(9%) 2 (4%)
Years of
education 16.0(3.7) 15.6(2.7) 155(3.1) 17(2.2) 15.9(3.0)
Hoehn-Yahr
Stage 2.2 (0.7) 2.2 (0.5) 2.1 (0.6) N/A 2.2 (0°6)
Years since
diagnosis 5.1 (4.0) 5.9 (7.1) 6.6 (5.9) N/A 6.0 (5°8)
# of PD
medications 1.7 (1.3) 2.0 (0.9) 2.3(1.1) N/A 2.0 (1.1f
S score &l 86(6.1) 101(59) 84(58 23(24) 7.7(6.0)

For variables Gender and Race/Ethnicity, this tshievs frequency counts and percentages (shown in
parentheses). For all other variables, the medstandard deviation (shown in parentheses) are
presented.

“These values are given for the total sample of PD patients (n = 45).



134

Table 4
Observer Demographics and Relevant Medical Variables

Set of video clips

Relevant
variable Set | Set Il Set |l Set IV Total
Number of
observers 26 29 28 27 110
Age
19.5(1.4} 19.7 (1.7) 19.6 (1.5) 19.4 (1.3) 19.6 (1.5)

Gender

Male 10 (38.5%) 12 (41.4%) 11 (39.3%) 12 (44.4%) 45 (40.9%)

Female 16 (61.5%) 17 (58.6%) 17 (60.7%) 15 (55.6%) 65 (59.1%)
Race/
Ethnicity

Caucasian 14 (53.8%) 14 (48.3%) 14 (50.0%) 15 (55.6%) 57 (51.8%)
Hispanic 4 (15.4%) 6 (20.7%) 4 (14.3%) 2 (7.4%) 16 (14.5%)
Asian 1 (3.8%) 4(13.8%) 3(10.7%) 6(22.2%) 14 (12.7%)

A’?:}g?;gn 1(3.8%)  2(6.9%) 2(7.1%)  0(0.0%) 5 (4.5%)
Other  6(23.1%) 3(10.3%) 5(17.9%) 4 (14.8%) 18 (16.4%)
Years of
education 136 (1.2) 13.4(1.3) 13.7(1.2) 13.8(14) 13.6(1.3)

! For variables Gender and Race/Ethnicity, this table shows frequency countscamigues

(shown in parentheses). For all other variables, the mean and standardmlésintivn in
parentheses) are presented.
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Table 5
Pearson Correlations among Facial Movement Measures at Time 1 foriBiiiP &tormal
Controls, and Total Participant Sample

Measure 1 2 3 Mean gésir:tl%r:
PD patients (n = 45)
- VariAalf)nity ; 81 67 3.8 2.79
> L:t\)Lifity - 58 7.27 7.35
3.Corﬁglexity - 1.51 0.79
Normal controls (n = 11)
L Var'?a%i”ty - .97 48 15.27 10.98
> La/?)Lifity : 40 7 477
> Complex - 1.83 0.97
Complexity
Total sample (n=56)
- VariAalf)nity ; -84 42 4.43 3.47
. L;Q)Lifity - .38 8.84 8.69
> comn - 1.57 0.83

Complexity




Table 6
Pearson Correlations among Changes (from Time 1 to Time 2) in Facial Mode@sires
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for Each Participant Group and Total Sample

Measure 1 2 3 Mean Standard
deviation
ARTIC
1. AU
Variability A 91 43 -0.58 3.15
2. AU
Lability A - 39 -1.25 6.68
3. AU
ComplexityA - 0.11 0.75
LSVT
1. AU
Variability A -88 49 1.81 3.04
2. AU
Lability A - 56 5.00 8.24
3. AU
ComplexityA - 0.40 1.31
Untreated
1. AU
Variability A .81 .38 -0.94 2.33
2. AU
Lability A - 19 -1.71 6.82
3. AU
ComplexityA - -0.09 0.60
Normal controls
1. AU
Variability A 10 .38 -0.73 2.65
2. AU
Lability A - 32 -1.18 7.77
3. AU
ComplexityA - 0.47 0.73
Total sample
1. AU
Variability A -84 42 0.20 0.91
2. AU
Lability A - .38 0.41 7.78
> Comp - -0.04 2.96

ComplexityA
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Table 7
Means of Three Original Facial Movement Measures and CV H1 for EachipantiGroup

AU Variability AU Lability AU Complexity CV_H1'

Group Timel Time2 Timel Time2 Timel Time?2

ARTIC 3.83 3.25 6.58 5.33 1.27  1.38 -0.21
(3.76) (2.00)  (7.04) (3.82)  (0.57) (0.76) (1.09)

LSVT 3.38 5.19 6.68 11.69 145  1.85 0.68
(2.60) (3.35)  (6.72) (9.76)  (0.99) (1.02) (1.08)

Untreated 18 3.24 8.29  6.59 1.74 165 -0.30
(2.24) (1.71)  (8.39) (5.01)  (0.68) (0.67) (0.87)

Normal 7.00 6.27 15.27 14.09 1.83 231 -0.30
controls  (4.77) (3.64)  (10.98) (7.30)  (0.97) (0.94) (0.95)
Total 4.5 4.39 8.84 9.25 157  1.78 0.00
(3.31) (2.75)  (8.28) (6.96)  (0.82) (0.86) (1.06)

ICV_H1 is a canonical variate created for testingdtyesis 1. See text for details.
2Standard deviations are shown in parentheses.
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g?)l\)/la?riince of Contrast 2: the CV_H1 Scores of ARTIC Versus LSVT Patients
Covariate df t p
Participant’s gender 26 1.63 A2
Participant’s age 26 1.89 .07
Participant’s handedness 26 1.97 .06
Hoehn-Yahr stage 26 1.85 .08
Time since PD diagnosis 26 1.80 .08
Participant’s education 26 185 08
level
BDI score at Time 1 26 1.74 .09
MMSE 26 1.87 .07
Number of PD medicatior 26 200 06

taken
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Table 9
The Means of the Overall+, Pers+, and Beh+ Ratings of Each Participant Group
Pers+ Beh+ Overall+
Group Timel Time?2 Timel Time?2 Timel Time?2
ARTIC 4.17 4.15 4.16 4.32 4.17 4.23
(0.78) (0.66) (0.87) (0.72) (0.73) (0.60)
LSVT 3.87 4.08 3.83 3.91 3.85 4.03
(0.57)  (0.68) (0.70) (1.03) (0.54) (0.66)
Untreated 4.21 4.19 4.41 4.51 4.32 4.35

(0.61)  (0.61) (0.66)  (0.63) (0.54)  (0.55)

4.55 4.97 4.94 5.20 4.74 5.08

Normal controls (0.97) (0.93) (1.02) (0.97) (0.93) (0.83)

PD patients
(ARTIC, LSVT, and 4.09 4.14 4.13 4.24 4.11 4.20
Untreated groups  (0.67) (0.65) (0.78) (0.85) (0.64) (0.62)
combined)
4.20 4.34 4.33 4.48 4.27 4.42
Total

(0.79)  (0.81) (0.92) (0.97) (0.77)  (0.78)

! Standard deviations are shown in parentheses.
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Table 10
The Means Compared in Contrasts 1 and 2 and the Corresponding Statistics
ARTIC LSVT Non-LSVT WJ value
participants statistic
Timel Time2 Timel Time2 Timel Time?2
Pers+
3.87 4.08 431 4.43
Contrast1 - " (057} (068) (082 (0.83) 0oL 43
4.17 4.15 3.87 4.08
Contrast 2 (0.78) (0.66) (0.57) (0.68) - - 3.07 .08
Beh+
3.83 3.91 450 4.68
Contrast1 - - (0.70) (1.03) (0.92) (0.87) >0 48
4.16 4.32 3.83 3.91
Contrast 2 (0.87) (0.72) (0.70) (1.03) - - 0.24 .62
Overall+
3.85 4.03 4.41 4.55
Contrast1 - - (054) (0.66) (0.79) (0.77) O 89
Contrastz 437 423 385 - 4.03 : 106 .30

(0.73) (0.60)

(0.54) (0.66)

Standard deviations are shown in parentheses.
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Table 11
Mean Ratings of PD Patients and Normal Controls on Each Personality and B&uagor
o Effect
Mean WJ statistic _palue  gjze
PD patients Normal
controls
Scale Personality scales
Extraverted - 370 (1.07)  4.80 (1.54) 49.18 <01 088
Introverted
Secure - Anxious 4.03 (0.97) 4.45 (1.29) 9.74 <.01 0.46
Independent - 55 97y 423 (1.23) 0.70 41 0.06
Dependent ' ' ' ' ' ' '
Behavior scales
Engaged - Bored 4.64 (1.27) 5.48 (1.24) 38.05 <.01 0.63
Relaxed - Tense 3.71(1.12) 4.62 (1.35) 39.89 <.01 0.81
Happy - Sad 3.72 (1.03) 4.58 (1.28) 40.19 <.01 0.82
Openhearted - Guarded 4.30 (1.17) 5.08 (1.32) 39.89 <.01 0.66
Liked — Disliked
(averaged across two 4.30 (0.69) 4.82 (0.82) 36.08 <.01 0.71
scales)

Standard deviations are shown in parentheses.
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Pearson Correlations of BDI Score at Time 1 with Pers+, Beh+, and OveraltgRfar PD

patients, Normal Controls, and Total Participant Sample

Total participant

PD patients Normal controls sample
Measure r p r p r p
Pers+ -.45 <.01 .55 .08 -.38 <.01
Beh+ -.37 .01 .57 .07 -.38 <.01
Overall+ -41 <.01 .57 .07 -.39 <.01




Table 13

The Means of the Overall+, Pers+, and Beh+ Ratings of 45 PD Patients

143

Time 1 Time 2

Pers+ Beh+ Overall+ Pers+ Beh+ Overall+
To[\)/vpglg?gfo\:\g;h 421  4.28 4.25 434 447 4.41
(n = 34 BDI< 13) (0.60}  (0.77)  (0.68) (0.63}  (0.73)  (0.67)
msifaat‘geé‘g szctgres 372 374 3.73 382 398 301
(n=13; BDI > 13) (0.49) (0.42) (0.42) (0.48)  (0.42) (0.43)
Total 4.09 4.15 4.12 4.27 4.35 4.29
(0.61)  (0.74) (0.66) (0.99)  (0.70) (0.65)

‘Standard deviations are shown in parentheses.
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Table 14
The Means of the Overall+, Pers+, and Beh+ Ratings of 18 PD Patients
(with BDI < 7) and Normal Controls

Pers+ Beh+ Overall+
i 4.17 4.15 4.16
PD patients (0.97)1 Lo1) 05
Normal controls 4.55 4.94 4.74
(0.97) (1.02) (0.93)
Total 4.27 4.36 4.31
(0.99) (1.07) (0.90)

'Standard deviations are shown in parentheses.
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Figures

N Observer
Participant ratings of
self—repor? of Behavioral participants’
perso.nallty ry cues found personality
traits in patients' traits

behavior

ry - correlation between the patients’ scores on a personality attribute andgbeqgar of a
behavioral cue (its frequency, intensity, or duration in the patients’ behaviagrrelation
between the presence of a behavioral cue and the observers’ ratings ohalpgttribute in
the patients;a- correlation between the patients’ scores and the observers’ ratings on a
personality attribute. See text for explanation.

Note.From “Inferring personality traits of clients with Parkinson's diséase their
descriptions of favourite activities,” by K. D. Lyons, L. Tickle-Degnerd &. J. DeGroat,
2005,Clinical Rehabilitation, 167), p. 801.

Figure 1. Application of Brunswik’s lens model to research on the role of nonvedsaincu

the perception of PD patients.
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adLsvT-Com

LSVT (relative to
Untreated

Changes in
perception of
participant
personality

AU Lability A
aLSVT-Var

C'LsvT

! Changes in the perception of participant personality will be measured as a icheriggys. See

text for explanation.

Figure 2. The hypothesized mediation model of LSVT’s effect on the perceivahpbty and

behavior differences.
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AU Lability A (Time 2 - Time 1)
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controls

Participant Group

Figure 8. AU LabilityA means (+SE) by participant group.
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]
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Figure 9. AU ComplexityA means (+SE) by participant group.
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Figure 10. Overall+ means (+SE) at Times 1 and 2 by participant group.
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Figure 11. Pers+ means (+SE) at Times 1 and 2 by participant group.
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Figure 12. Beh+ means (+SE) at Times 1 and 2 by participant group.
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indicates that a relationship was significant at the p < .05 level.
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Appendix
Neurocognitive, Psychological, and Quality of Life Measures Administed to PD Patients

This test battery consisted of the following assessments: (a) nenitbgogssessmentMini

Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975), @ald Verbal
Learning Test — Il (Delis, Kramer, Kaplan, & Ober, 2000), Rotary Purssk {laafayette
Instrument Company), Mirror Tracing Task (Lafayette Instrument Compaangilgment of Line
Orientation (Benton, Varney & Hamsher, 1975), Boston Naming Test-Short Famsifig,

Ivnik, Cullum & Randolph, 1999), Delis-Kaplan Executive Function Scales (Sorting, Color-
Word Interference, and Verbal Fluency Test subtests only; Delis, Kaplaiadd{, 2001),
American New Adult Reading Test (Grober & Sliwinski, 1991), Self-OrderediRgifest of

the Colorado Assessment Test (Davis & Keller, 1997), Nine-Hole PegMatti¢wetz,

Volland, Kashman, & Weber, 1985), Short Memory subtest of the Repeatable Battéey for
Assessment of Neuropsychological Status (Randolph, 1998), and Digit Span subtest of the

Wechsler Adult Intelligence Scale Il (Wechsler, 1997);_(b) psychodbagissessmentBeck

Depression Inventory (2nd version; Beck, Steer, Ball, & Ranieri, 1996), Beck puientory

(Beck & Steer, 1990); and (c) quality of life assessmdpaskinson's Disease Questionnaire (US

PDQ-39; Bushnell & Martin, 1999), Parkinson's Disease Quality of Life $E&I@L; DeBoer,
Wijker, Speelman, & de Haes, 1996), Parkinson Disease Activities of Daily L8aake
(PADLS; Hobson, Edwards & Meara, 2001), and EQ-5D (Schrag, Selia, Jahanshahi & Quinn,

2000).
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Video Segment # Your ID:
Engaged---------=-==mmcmm oo Bored

oo e oo oo oo S |
Very Moderately Slightly Neither Slightly Moderately Very
engaged engaged engaged engaged bored bored bored

nor bored
T ENS @ m e oo e e e Relaxed

oo oo oo oo e i |
Very Moderately Slightly Neither Slightly Moderately Very
tense tense tense tense nor relaxed relaxed relaxed

relaxed



Behavior Rating Form
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Video Segment # Your ID:
Sad-----m Happy
oo e oo oo oo S |
Very Moderately Slightly Neither Slightly Moderately Very
sad sad sad sad nor happy happy happy
happy
Openhearted----------=-==memmomem oo Guarded
someone who openly someone who was cautious
revealed his/her experience about revealing his/her
experience
oo oo oo oo oo i |
Very Moderately Slightly Neither Slightly Moderately Very
openhearted openhearted openhearted openhearted guarded guarded guarded

nor guarded



Video Segment #

DT[] =Y P —

Behavior Rating Form

oo |-
Strongly Moderately
disliked disliked

the person the person

disliked nor liked
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Your ID:
Liked
Moderately Strongly
liked liked
the person the person
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Personality Rating Form

Video Segment #

Introverted------------=----=-mmmmmm oo

someone who is a reserved
private person, does not
seek attention, and can be
guiet and withdrawn

Very Moderately Slightly Neither
introverted introverted introverted introverted nor
extraverted
Independent---------------=--mmmmmmmm e
someone who doesn’t care
what others think, believes
in their own judgment, and
feels OK if some people
don’t like him/her
e e oo i
Very Moderately Slightly Neither
independent independent independent independent

nor dependent

Your ID:

_______________ Extraverted

someone who is outgoing, i
talkative, feels comfortable
around people, and can be
loud and attention-seeking

[72)

------- R
Slightly Moderately Very
extraverted extraverted extraverted
———————————————— Dependent

someone who cares what
others think, follows
directions, and wants to bd

liked
------ R
Slightly Moderately Very
dependent dependent dependent
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Personality Rating Form

Video Segment # Your ID:
SECUIE---mmmmm e e Anxious
someone who is stable, i someone who is moody,
calm, feels comfortable worries, may dislike
with him/herself, and him/herself, and can often
seldom feels blue feel blue
I — — oo — oo e |
Very Moderately Slightly Neither Slightly Moderately Very
secure secure secure secure nor anxious anxious anxious

anxious



Video Segment #

Personality Rating Form

oo -
Strongly Moderately
disliked disliked

the person the person

disliked nor liked

165

Your ID:
Moderately Strongly
liked liked
the person the person
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Instructions for Rating Participant Behavior

You will now view 30 video clips of 30-second duration each. In each clip, you will see a
person talking about a happy experience he or she had. | will ask you to rate arpeesn i

clip on the 5 scales appearing on your Rating Form. The first 4 scales ask yelhtowa

person behaves and appears as he or she produces a monologue: whether thageaténctme
monologue or bored, tense or relaxed, sad or happy, and openhearted or guarded. To clarify
what is meant by “openhearted” or “guarded,” these terms are definedaaxég on page 2

(point to the boxes). Please use these definitions when giving a ratingk hba to read these
definitions right now and tell me if you have questions about these descriptions.

(Wait for them). Do you have any questions?

Finally, the scale on the last page asks you to rate how much you liked or distikeetgon.
Please make sure not to forget to rate a person in each clip on that scale.

So, for example, if you think that a person is slightly bored during the monologue, you should
circle the place on the scale where it says “slightly bored” (point) and tbe® om to the next
scale.

Importantly, because the clips will be played without any sound, please &all your

ratings on each person’s facial communication. In other words, your ratings of tlire

behavior should be based on their facial movements and expressions as thegtestheir

happy experiences.Because you will be making judgments based on such limited information,
it is very understandable if you use intuition, rather than rational analyses, giing a rating.

If you are not sure about which rating to give, make your best guess and do not skip any
responses. Also, please wait for a clip to end before giving your ratings.

Now, let me tell you about the Rating Forms. Because your Rating F@msarabered, it is
important that you use the form on the top for the first clip, then use the formydineddrneath

it for the second clip, and so on. In other words, please proceed from the top to bottom of the
stack without skipping any forms. As soon as you are done with the form, put it on the desk nex
to you. That will signal to me that you are ready for the next clip.

Because it is important that each of you works independently, | will ask you nakeoany
comments for the entire duration of the study session. If you have a questionraikEageur
hand.

If they have cell phones on the desk: | also request that you silence and pybanesl|
phones, please. Don't start until they have done so.

Are there any questions before we start?
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Instructions for Rating Participant Personality

You will now view 30 video clips of 30-second duration each. In each clip, you will see a

person talking about a happy experience they had. | will ask you to rat®a jpeesich clip on

the 4 scales appearing on your Rating Form. The first 3 scales ask ymua@eason’s

personality on 3 dimensions: introverted vs. extraverted, independent vs. dependent, and secure
vs. anxious. Descriptions of what different personality traits mean appeares twoxhe form.

Please read these descriptions right now and tell me if you have any questions

(Wait for them). Do you have any questions?

Finally, the last scale on the form asks you to rate how much you liked or dislé&kpdrson.
Please make sure not to forget to rate a person in each clip on that scale.

So, for example, if you think that a person is moderately introverted, you should cirpladbe
on the scale where it says “moderately introverted” (point) and then move on txtiseale.

Importantly, because the clips will be played without any sound, please k&agour ratings
on all the scales on each person’s facial communication. In other words, your nagjs of
their personality should be based on their facial movements and expresss as they relate
their happy experiences.Because you will be making judgments based on such limited
information, it is very understandable if you use intuition, rather than rationgsemalhen
giving a rating. If you are not sure about which rating to give, make yourisest.g Do not
skip any responses. Also, please wait for a clip to end before giving yogstati

Now, let me tell you about how to use the Rating Forms. Because your Ratingdferm
numbered, it is important that you use the form on the top for the first clip, then usanhe f
directly underneath it for the second clip, and so on. In other words, please prooe#ueftop

to bottom of the stack without skipping any forms. As soon as you are done with the form, put it
on the desk next to you. That will signal to me that you are ready for thelipext

Because it is important that each of you works independently, | will ask you nakeany
comments for the entire duration of the study session. If you have a questionraiksageur
hand.

If they have cell phones on the desk: | also request that you silence and pybanesil
phones, please. Don't start until they have done so.

Are there any questions before we start?
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Demographics and Medical History

Rater ID #:

What is your gender:

Which of the following census categories best describes your race/ethnicity:
American Indian or Alaskan Native
Asian
Black or African American
Hispanic, Latino, or Chicano
Indian
Middle Eastern
Native American
Native Hawaiian or Pacific Islander
White
Multiracial (please specify):

Other (please specify):

What is your age:

What is the highest educational degree attained:

How many years have you spent in college so far:



Do you have a history of...

1) .

2) ..

3) ..

4 ..

5) ..

..head injury Y/N
.neurological disorder Y/N
.learning disability Y/N
.psychiatric disorder Y/N

.alcohol/substance abuse Y/N

169
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