
Boston University

OpenBU http://open.bu.edu

Boston University Theses & Dissertations Boston University Theses & Dissertations

2016

Biological motion perception in

Parkinson's disease

https://hdl.handle.net/2144/19729

"Downloaded from OpenBU. Boston University's institutional repository."



BOSTON UNIVERSITY 
 

GRADUATE SCHOOL OF ARTS AND SCIENCES 
 
 
 
 
 

Dissertation 
 
 
 
 
 

BIOLOGICAL MOTION PERCEPTION IN PARKINSON’S DISEASE 
 
 
 
 

by 
 
 
 
 

ABHISHEK JAYWANT 
 

B.S., McGill University, 2009 
M.A., Boston University, 2011 

 
 
 
 
 
 
 

Submitted in partial fulfillment of the 
 

requirements for the degree of 
 

Doctor of Philosophy 
 

2016  



 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© 2016 
 ABHISHEK JAYWANT 
 All rights reserved  



Approved by 

 

 

 

 

 

First Reader _________________________________________________________ 
 Alice Cronin-Golomb, Ph.D. 
 Professor of Psychological and Brain Sciences 
 

 

Second Reader _________________________________________________________ 
 Theresa D. Ellis, Ph.D., P.T. 
 Assistant Professor of Physical Therapy and Athletic Training 
 

 

Third Reader _________________________________________________________ 
 Sandra Neargarder, Ph.D. 
 Professor of Psychology 
 Bridgewater State University 
 
 

 

 

 



	
  

	
   iv 

ACKNOWLEDGMENTS 

There are many people who made this project possible.  I would first like to thank 

Alice Cronin-Golomb for her encouragement and mentorship throughout my five years at 

Boston University.  She nurtured my research ideas, promoted my scientific thinking and 

writing, and cared deeply about my career development.  I would like to thank the rest of 

my committee: Terry Ellis, for her infectious passion for research and for being an 

invaluable guide as I developed the intervention portion of the study; Sandy Neargarder, 

for her down-to-earth demeanor and her kind responses to my statistics questions; Serge 

Roy, for his dedication in teaching me about gait analysis and accelerometers, and always 

answering my questions when they came up; and Michael Lyons for chairing my defense.  

I would like to acknowledge the contribution of Robert Wagenaar, who sadly passed 

away at the beginning of this project.  I am grateful for his brilliant insight and helpful 

comments that provided the foundation for this work.  

I am grateful to my additional mentors, collaborators, and student volunteers who 

helped me throughout and made the project possible: Maggie Shiffrar, John Franchak, 

Cheng-Chieh Lin, Daniel Norton, Xiaolin Ren, Victor Wasserman, Maaria Kemppainen, 

and Valerie Levit. I would also like to acknowledge the support of my clinical mentors, 

especially Bonnie Wong, who taught me the value of translational research and the 

importance of integrating science and practice.  

This project was funded by the National Institute of Neurological Disorders and 

Stroke, including a National Research Service Award predoctoral fellowship (F31 

NS078919) and Dr. Cronin-Golomb’s R01 grant (R01 NS067128).  I thank Marie Saint-



	
  

	
   v 

Hilaire, Cathi Thomas, Katy Hendron, Tami DeAngelis, and the Michael J. Fox 

Foundation for their help with participant recruitment. 

Finally, I would like to thank my family, friends, and labmates who have always 

supported me through the challenges and successes of graduate school and who have 

contributed so much to my professional and personal identity. 

 

  



	
  

	
   vi 

BIOLOGICAL MOTION PERCEPTION IN PARKINSON’S DISEASE 

Order No. (          ) 

ABHISHEK JAYWANT 

Boston University Graduate School of Arts and Sciences, 2016 

Major Professor: Alice Cronin-Golomb, Professor of Psychological and Brain Sciences 
 

ABSTRACT 

	
   Parkinson’s disease (PD) disrupts many aspects of visual perception, which has 

negative functional consequences.  How PD affects perception of moving human bodies, 

or biological motion, is unknown.  The ability to accurately perceive others’ motion is 

related to one’s own motor ability and depends on the integrity of brain areas affected in 

PD, including superior temporal sulcus and premotor cortex.  Biological motion 

perception may therefore be compromised in PD but also provide a target for 

intervention, with perceptual training potentially improving motor function. 

 Experiment 1 investigated whether perception of biological motion was impaired 

in PD (N=26) relative to neurologically-healthy control (NC; N=24) individuals.  

Participants viewed videos of point-light human figures and judged whether or not they 

depicted walking.  As predicted, PD were less sensitive to biological motion than NC.  

This deficit was not associated with participants’ own walking difficulties or with other 

perceptual deficits (contrast sensitivity, coherent motion perception).   

 Experiment 2 evaluated the hypothesis that PD deficits would extend to more 

socially-complex biological motion.  PD (N=23) and NC (N=24) viewed point-light 

figures depicting communicative and non-communicative (object-oriented) gestures.  The 
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PD group was less accurate than NC in describing non-communicative gestures, an effect 

driven by PD men, who also had difficulty perceiving communicative gestures.   

 Experiment 3 tested the efficacy of perceptual training for PD.  Because 

biological motion perception is associated with motor function, it was hypothesized that 

perceptual training would improve walking.  Individuals with PD were randomized to 

Gait Observation (N=13; viewing videos of healthy and unhealthy gait) or Landscape 

Observation (N=10; viewing videos of moving water) and trained daily for one week 

while gait data were collected with accelerometers.  Post-training, only the Gait 

Observation group self-reported increased mobility, though improvements were not seen 

in objective gait data (daily activity, walking speed, stride length, stride frequency, leg 

swing time, gait asymmetry). 

 These studies demonstrate that individuals with PD have difficulty perceiving 

biological motion (walking and socially-complex gestures).  Improving biological motion 

perception led to enhancement in self-perceived walking ability.  Perceptual training that 

incorporates more explicit learning over a longer time period may be required to effect 

objective improvements in walking. 
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CHAPTER 1: GENERAL INTRODUCTION 

 

Parkinson’s disease is a progressive, debilitating neurodegenerative disease 

characterized by dopaminergic neuron death in the substantia nigra and dysfunction of 

the striatum and surrounding structures (Rodriguez-Oroz et al., 2009).  It is second only 

to Alzheimer’s disease as the most common neurodegenerative disorder in the United 

States, with approximately 630,000 people diagnosed in 2010 and a national economic 

cost estimated at over $14.4 billion (Kowal, Dall, Chakrabarti, Storm, & Jain, 2013).  

Given the rapid increase in the aging population, characterizing the nature of neural and 

behavioral impairments in PD and developing novel treatment approaches is of utmost 

importance to both basic science and clinical researchers.   

 

Visual Perception in PD 

Recent research has increasingly focused on the non-motor symptoms of PD.  It is 

now well known that even at early stages of the disease, PD leads to changes in 

cognition, mood, sleep, autonomic function, and sensory function (Chaudhuri & 

Schapira, 2009; Cronin-Golomb, 2010).  Visual perception is one non-motor domain that 

has been extensively studied, with many studies demonstrating changes in PD.  For 

example, contrast sensitivity is reduced in PD (Amick, Cronin-Golomb, & Gilmore, 

2003; Kupersmith, Shakin, Siegel, & Lieberman, 1982; Pieri, Diederich, Raman, & 

Goetz, 2000), for both temporally and spatially modulated sinusoidal gratings (M. J. 

Price, Feldman, Adelberg, & Kayne, 1992).  Some studies have indicated diminished 
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contrast sensitivity across a range of spatial frequencies (M. J. Price et al., 1992), while 

others have demonstrated a loss of contrast sensitivity specifically at middle and high 

spatial frequencies (Bodis-Wollner et al., 1987; Mestre, Blin, Serratrice, & Pailhous, 

1990).   

Dysfunction in the visual system in PD is not limited to contrast sensitivity but 

encompasses a wide range of perceptual abilities, including decreased color perception 

and discrimination, altered visual motion and optic flow perception, increased visual 

dependence, double vision, and visual misperceptions, illusions, and hallucinations 

(Armstrong, 2008; Bodis-Wollner, 2003; Davidsdottir, Cronin-Golomb, & Lee, 2005; 

Davidsdottir, Wagenaar, Young, & Cronin-Golomb, 2008; Putcha et al., 2014; Uc et al., 

2005).  Eye movement abnormalities are also common and are characterized by 

hypometric saccades that “undershoot” targets, reduced saccade speed, difficulty 

planning saccades, and slowed smooth pursuit movements (Chan, Armstrong, Pari, 

Riopelle, & Munoz, 2005; White, Saint-Cyr, Tomlinson, & Sharpe, 1983). 

Such changes in visual perception have significant functional consequences for 

individuals living with PD.  For example, reduced contrast sensitivity is associated with 

poorer spatial orientation, visuoconstructional ability, and visuospatial learning and 

memory, and with visual hallucinations (Uc et al., 2005).  Visual hallucinations and 

feelings of presence and passage are in and of themselves highly distressing to 

individuals with PD and strongly associated with cognitive decline and dementia 

(Archibald, Clarke, Mosimann, & Burn, 2011).  Additional functional consequences of 

impaired visual perception in PD include bumping into objects and doorways, difficulties 
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in reading,  estimating spatial relations, and navigational veering, and an impaired ability 

to carry out visually-based activities of daily living (Davidsdottir et al., 2005, 2008; 

Seichepine et al., 2011; Young et al., 2010).   

There has been extensive debate in the literature regarding the neural mechanisms 

of altered visual perception in PD, with evidence implicating changes in the retina, 

cerebral cortex, and subcortical regions of the brain.  The role of the retina is indicated by 

the presence of dopaminergic amacrine cells in the inner plexiform layer of the retina in 

healthy adults (Balasubramanian & Gan, 2014).  Amacrine cells are thought to coordinate 

neurotransmission from bipolar cells to ganglion cells, and parkinsonian alterations in 

their functioning can cause a state of dark adaptation that increases the size of the retinal 

ganglion cell receptive fields and affects visual acuity, contrast sensitivity, and color 

perception (Archibald, Clarke, Mosimann, & Burn, 2009).  Evidence for the contribution 

of the retina to visual dysfunction in PD comes from studies demonstrating increased 

latencies of visual evoked potentials to spatial-frequency modulated gratings (Kupersmith 

et al., 1982), as well as electrophysiological changes in the retina measured by 

electroretinograms (Gottlob, Schneider, Heider, & Skrandies, 1987).  Furthermore, 

contrast sensitivity is enhanced at peak (middle) spatial frequencies in the “on” vs. “off” 

medication state (Bodis-Wollner et al., 1987) and after levodopa administration (Bulens, 

Meerwaldt, Van der Wildt, & Van Deursen, 1987), implicating possible changes in 

dopamine directly in contrast sensitivity.   

Despite the purported involvement of the retina and dopaminergic retinal 

pathways in visual dysfunction in PD, an explanation based solely on the retina is 
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insufficient to explain PD-related impairments.  For example, Trick, Kaskie, and 

Steinman (1994) demonstrated that adults with PD have a deficit in discriminating the 

orientation of high spatial frequency gratings, which suggests a cortical mechanism 

because orientation is known to be processed in visual cortex.  Individuals with PD also 

have reduced metabolic activity in the occipital cortex that is correlated with nigrostriatal 

dysfunction and not with retinal impairment (Bohnen, Minoshima, Giordani, Frey, & 

Kuhl, 1999), as well as thinning of the occipital cortex (Tinaz, Courtney, & Stern, 2011) 

and atrophy in occipital cortex, posterior lateral temporal cortex, and extrastriate cortex 

(Jubault et al., 2011; Potgieser et al., 2014).  Studies on altered visual motion perception 

(reviewed in detail below) have demonstrated selective impairments in processing higher-

order motion mediated by the dorsal visual stream (Castelo-Branco et al., 2009; Ezzati, 

Khadjevand, Zandvakili, & Abbassian, 2010).  Perception of optic flow motion, or the 

motion of the environment relative to the individual, is impaired in PD and may be 

associated with changes in visual motion area MT+ and the cingulate sulcus visual area 

(Davidsdottir et al., 2008; Putcha et al., 2014). 

In additional to cortically-mediated perceptual impairments, subcortical neural 

changes are likely to contribute to vision difficulties in PD.  PD leads to dopaminergic 

neuron death in the substantia nigra, which compromises functioning of corticostriatal 

circuitry.  Broadly speaking, the cortico-striatal-thalamocortical loops include (among 

others) the motor loop (connecting the putamen to primary and secondary motor cortex), 

the associative loop (connecting the caudate to lateral prefrontal cortex), and the limbic 

loop (connecting the ventral striatum to the limbic system, including orbitofrontal cortex) 
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(Middleton & Strick, 2000).  There is increasing evidence for the existence of a visual 

corticostriatal loop connecting the extrastriate visual areas in parietal, occipital, and 

temporal cortices to the striatum (Lawrence, Sahakian, & Robbins, 1998; Seger, 2013).  

Primate studies using neuroanatomical tracing have shown extensive connections 

between extrastriate regions in the temporal cortex and the tail of the caudate (Middleton 

& Strick, 1996), and between regions of the parietal lobe and visual motion area MT to 

the genu of the caudate (Saint-Cyr, Ungerleider, & Desimone, 1990).  The visual 

corticostriatal loop also includes connections to the superior colliculus, which is a neural 

substrate of saccadic eye movements.  Saccade abnormalities in PD are thought to arise 

from excessive inhibition of the superior colliculus by substantia nigra pars reticulata, 

resulting in disrupted connectivity between the superior colliculus and frontal eye fields, 

which is normally necessary for preparing and initiating saccades (Diederich, Stebbins, 

Schiltz, & Goetz, 2014; Hikosaka, Takikawa, & Kawagoe, 2000; White et al., 1983).  

Together, these findings suggest a central role for the basal ganglia in visual perception 

(Ding & Gold, 2013). 

Diederich and colleagues (2014) have suggested that in PD, the primary visual 

pathway connecting the retina to the lateral geniculate nucleus of the thalamus and 

primary visual cortex (the primary geniculo-striate pathway), and responsible for 

conscious vision, is intact.  By contrast, two pathways responsible for non-conscious 

vision—the retino-colliculo-thalamo-amygdala (analogous to the retino-tectal or tecto-

pulvinar pathway, extended to the amygdala) and the retino-geniculo-extrastriate 

pathways—are dysfunctional and serve as the underlying neurobiological mechanism for 
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altered visual perception in PD.  These investigators proposed that dysfunctional 

signaling in the retino-geniculo-extrastriate pathway could lead to the erroneous 

perception of static or moving beings and inappropriate guessing of stimuli in the 

periphery, resulting in hallucinatory experiences.  A deficit in the retino-colliculo-

thalamo-amygdala pathway may contribute to impaired emotional face recognition, 

particularly for negatively valenced emotional faces, which is commonly observed in PD 

(Alonso-Recio, Serrano, & Martín, 2014; Clark, Neargarder, & Cronin-Golomb, 2008; 

Kan, Kawamura, Hasegawa, Mochizuki, & Nakamura, 2002; Saenz et al., 2013).  In 

summary, deficits in visual perception in PD are likely to arise from a confluence of 

altered neural activity in the retina, cortex, visual corticostriatal loop, and the retino-

colliculo-thalamo-amygdala and retino-geniculo extrastriate visual pathways. 

Of particular relevance to the current study is how PD affects the perception of 

visual motion, specifically coherent motion.  Coherent motion perception is often tested 

psychophysically using random dot kinematograms in which the observer must detect 

dots at various signal to noise ratios, where signal dots move together in a specific 

direction and noise dots move randomly.  Successful completion of this task requires 

integrating the motion of several dots globally, as opposed to locally processing 

individual dots.  Perceiving coherent motion recruits relatively low-level motion 

processing centers such as area MT near the temporo-parieto-occipital junction 

(Grossman et al., 2000), though recent evidence suggests that lateral temporal cortex and 

the ventral visual pathway may also be necessary (Gilaie-Dotan, Saygin, et al., 2013).  

There is conflicting evidence as to whether coherent motion perception is impaired in PD, 
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with some studies finding differences relative to age-matched neurologically-normal 

control participants (Ezzati et al., 2010; Trick et al., 1994), one study finding impairment 

only in men with PD (Davidsdottir et al., 2008), and others finding no difference (Amick 

et al., 2003; Castelo-Branco et al., 2009).  These discrepant results may arise from subtle 

differences in the nature of the task and psychophysical methods used, the male:female 

ratio of the sample, as well as differences in PD samples such as disease severity, 

presence of on/off periods, and medication status.   

Investigations into higher-order coherent motion perception have shown 

consistent impairments in PD.  Uc and colleagues (2005) used a random dot 

kinematogram procedure to test whether individuals with PD can extract global forms 

such as squares and spheres (“form-from-motion”) from moving dots.  They found 

reduced sensitivity to form-from-motion perception in PD relative to NC, though this 

difference was no longer significant when accounting for impaired contrast sensitivity in 

PD.  Castelo-Branco and colleagues (2009) used a range of psychophysical tasks to test 

where PD-related deficits may arise along the magnocellular pathway from the retina to 

motion integration centers in the dorsal visual stream.  Adults with PD were found to 

have intact perception on tasks requiring processing early in the magnocellular pathway 

(e.g., speed discrimination of single dots; direction discrimination of coherent motion), 

but had impairments in visual motion processing on tasks drawing upon higher-order 

regions (e.g., speed discrimination of motion-defined surfaces).  These deficits were 

independent of contrast sensitivity, implicating instead higher-level cortical regions along 

the magnocellular pathway.  Similarly, Ezzati and colleagues (2010) found that PD had 
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greater impairments in second-order motion compared to first-order motion.  Taken 

together, these studies suggest that more complex coherent motion perception is impaired 

in PD, and likely arises from higher-order cortical regions responsible for integrating 

motion signals, which is consistent with abnormalities in the retino-geniculo-extrastriate 

visual pathway (Diederich et al., 2014) and structural and functional changes in the 

extrastriate cortex (Lotze et al., 2008; Tinaz et al., 2011). 

 

Biological Motion Perception 

To date, one critical type of complex, coherent motion processing has not been 

investigated in PD—that of human body motion, or biological motion.  Biological motion 

is a rich source of visual information regarding a person’s actions, identity, and emotional 

state (Atkinson, Dittrich, Gemmell, & Young, 2004; Clarke, Bradshaw, Field, Hampson, 

& Rose, 2005; Cutting & Kozlowski, 1977; Dittrich, 1993).  In laboratory studies, 

researchers typically use stimuli in which the only visual cue is the motion of a set of 

“point-lights” that are placed on the major joints of the body (also known as “point-light 

walkers” or PLW).  The coordinated movement of these point lights creates a vivid and 

easily recognizable percept of a human.  Numerous studies have shown that observers 

robustly perceive biological motion when it is restricted to these point-lights, even when 

stimuli are presented for very brief durations, and when obscured by a mask (Blake & 

Shiffrar, 2007; Chang & Troje, 2009; Cutting, Moore, & Morrison, 1988; Johansson, 

1973).  These findings suggest that humans have evolved to efficiently and powerfully 
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integrate motion signals from the human body, and use this information to guide the 

visual analysis of others and their actions. 

Given that everyday social interaction relies on accurately decoding actions and 

gestures conveyed through movements, it is easy to imagine the importance of biological 

motion perception to healthy social functioning.  Biological motion conveys emotions 

(Chouchourelou, Matsuka, Harber, & Shiffrar, 2006), personality traits (Heberlein, 

Adolphs, Tranel, & Damasio, 2004), and social-communicative information in human 

dyads (Clarke et al., 2005) that are all reliably decoded by healthy observers.  Miller and 

Saygin (2013) found that in healthy observers, the ability to perceive the form of moving 

human bodies (but not the form of motion-defined letters) correlated with empathy and 

theory of mind, indicating that biological motion, and not other form-from-motion, is 

associated with social cognition.   

Clinical populations characterized by deficits in social functioning have 

demonstrated impairments in biological motion perception.  For example, adults with 

schizophrenia show impaired biological motion perception, which correlates with deficits 

in theory of mind and social functioning (Kim, Doop, Blake, & Park, 2005; Kim, Norton, 

McBain, Ongur, & Chen, 2013).  Additional evidence for the association between 

biological motion perception and social functioning comes from studies on autism 

spectrum disorder and Asperger’s syndrome, both of which are characterized by core 

deficits in social functioning.  Individuals with autism spectrum disorder appear to have 

similar sensitivity to biological motion and object motion, whereas typically developing 

adults show enhanced sensitivity to biological motion relative to object motion (Kaiser, 
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Delmolino, Tanaka, & Shiffrar, 2010b).  Adults with Asperger’s syndrome also 

demonstrate a deficit in perceiving emotions from biological motion (Atkinson, 2009).  

These studies highlight the social relevance of biological motion, an association that is 

important to understand in PD given the social and communication problems observed in 

the disease (Anderson, Simpson, Channon, Samuel, & Brown, 2013; N. Miller, Noble, 

Jones, & Burn, 2006).  

The neural correlates of biological motion perception have been characterized by 

numerous neuroimaging and lesion studies.  The most robust finding is activation of the 

posterior superior temporal sulcus (STS) during biological motion perception, 

particularly if the stimulus conveys a social intention (Carter, Hodgins, & Rakison, 2011; 

Grossman, Blake, & Kim, 2004; Pelphrey, Morris, & Mccarthy, 2004).  The right 

posterior STS seems to be dominant for biological motion perception, though studies 

have also shown left-lateralized and bilateral STS activation in response to PLW stimuli 

(Bonda, Petrides, Ostry, & Evans, 1996; Gilaie-Dotan, Kanai, Bahrami, Rees, & Saygin, 

2013; Grossman et al., 2000).  Comparisons between biological motion and other types of 

motion perception (e.g., perception of motion-defined objects) indicate that posterior STS 

is specifically tuned to perceiving human motion, whereas other visual processing regions 

such as the middle temporal gyrus are responsible for perceiving object and tool motion 

(Beauchamp, Lee, Haxby, & Martin, 2003).  In addition to STS, the ventral premotor 

cortex is associated with biological motion perception and not with other forms of 

coherent motion perception (Gilaie-Dotan, Kanai, et al., 2013), which suggests a role for 

the mirror neuron system in observing human actions (see below for a more detailed 
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discussion of the role of embodied perception and mirror neurons in biological motion 

perception).  Regions of parietal cortex may also mediate the accurate decoding of human 

actions (Bonda et al., 1996), and a recent study found that functional connectivity within 

the default mode network, and the link between this network and STS and supplementary 

motor area, differentiates biological motion from object motion (Dayan et al., in press). 

In light of the behavioral and neuroimaging findings reviewed above, there is a 

strong possibility that biological motion perception is impaired in PD.  PD is associated 

with decreased functional activity in the STS, cortical thinning and hypometabolism in 

the parietal cortex, decreased connectivity between premotor and motor/prefrontal cortex, 

cortical thinning in the supplementary motor area, and altered connectivity in the default 

mode network (Herz et al., 2014; Jubault et al., 2011; Lotze et al., 2008; Lyoo, Jeong, 

Ryu, Rinne, & Lee, 2010; Lyoo, Ryu, & Lee, 2010; Suppa et al., 2010; Tessitore et al., 

2012).  These findings suggest that the neural architecture that supports biological motion 

perception may be impaired in PD.   

Additionally, PD patients often show declines in social functioning, such as 

difficulty communicating with others and increased social isolation (N. Miller et al., 

2006).  Previous studies have raised the possibility that social difficulties in PD may arise 

from deficits in emotion recognition, theory of mind, and language pragmatics (Bodden, 

Dodel, & Kalbe, 2010; Jaywant & Pell, 2010; Yip, Lee, Ho, Tsang, & Li, 2003).  The 

possibility also exists, however, that part of the social deficit in PD arises from decreased 

sensitivity to biological motion.  In light of the importance of biological motion in action 

understanding, social cognition, and visually-based activities of daily living, the extent of 
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its integrity in PD is an important question.  The current study will test the ability of 

adults with PD to perceive biological motion, both of walking and of socially relevant 

actions and gestures (Experiment 1 and Experiment 2, respectively) 

 

Changes in Walking in PD 

PD has traditionally been characterized as a motor disorder consisting of the 

cardinal motor symptoms of resting tremor, akinesia, postural instability, and rigidity.  

The poverty of movement inherent in the disease can manifest functionally as restricted 

facial expression, hypokinetic dysarthria, and micrographia.  The major clinical motor 

hallmark of PD is marked alterations to walking and gait.  The neuroanatomical 

underpinnings of walking and gait deficits are dysfunction in the neural circuitry 

connecting the substantia nigra, basal ganglia, thalamus, and premotor cortex and 

supplementary motor area via basal ganglia-thalamo-cortical loops (Middleton & Strick, 

2000; Parent & Hazrati, 1995).  The dysfunction of the motor cortico-striato-

thalamocortical loop leads to changes in the timing, rhythmicity, scaling, and speed of 

movement.   

In the early stages of the disease, these gait changes often manifest when walking 

in complex environments, initiating movement, turning, navigating obstacles, walking 

through doorways, and walking while dual-tasking (Carpinella et al., 2007).  Those with 

the disease often need to recruit additional cognitive resources (e.g., attentional control 

and set shifting) to better control their walking, posture, and movement.  Even relatively 

simple straight-line walking is compromised in early de novo (non-medicated) PD, 
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characterized by a slow walking speed, reduced leg swing time, altered interlimb 

coordination, decreased variability in thoracic and pelvic coordination, and increased 

asymmetry in gait between the left and right sides (Baltadjieva, Giladi, Gruendlinger, 

Peretz, & Hausdorff, 2006; Van Emmerik, Wagenaar, Winogrodzka, & Wolters, 1999; 

Winogrodzka, Wagenaar, Booij, & Wolters, 2005).   

Though the advent of levodopa treatment was a breakthrough in the treatment of 

PD, particularly of its debilitating motor symptoms, fluctuations in the efficacy of 

levodopa replacement therapy can lead to “off” periods in which symptoms are 

exacerbated.  Medicated adults with PD in the “off” state experience difficulties with 

walking, including slowed walking speed, shorter stride length, reduced leg swing time, 

increased time spent in double-support (both feet on the ground at the same time), 

increased variability in walking parameters, and arm swing asymmetry (Lewek, Poole, 

Johnson, Halawa, & Huang, 2010; Morris, Huxham, McGinley, Dodd, & Iansek, 2001).  

When levodopa treatment is working optimally (“on” state), walking improves in PD, 

though deficits persist: walking speed, stride length, and stride frequency are reduced and 

gait asymmetry, stride time variability, and swing time variability are increased 

(Carpinella et al., 2007; Yogev et al., 2005; Yogev, Plotnik, Peretz, Giladi, & Hausdorff, 

2007). 

 

The Role of Motor Function in Biological Motion Perception 

The deficits in gait, walking, and action production may play a major role in the 

perception of biological motion in PD.  A large body of literature points to a common 
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coding between the visual perception of actions and the execution of those actions, often 

referred to as perception-action coupling (Gallese, Gernsbacher, Heyes, Hickok, & 

Iacoboni, 2011; Goslin, Dixon, Fischer, Cangelosi, & Ellis, 2012; Iacoboni et al., 2005; 

Jeannerod, 2001; Shiffrar, 2011).  Theories of perception-action coupling and “embodied 

perception” suggest that humans perceive others’ movements and actions by simulating 

or embodying that action themselves, i.e., by activating their own motor system.  A 

connection between the motor system and biological motion perception has been 

established through numerous behavioral studies.  The ability to visualize one’s own 

movements (motor imagery) correlates with biological motion perception (L. E. Miller & 

Saygin, 2013).  Additionally, healthy observers are better at perceiving actions that are in 

their own motor repertoire than those that are not (Calvo-Merino, Grèzes, Glaser, 

Passingham, & Haggard, 2006).  For example, observers are better at perceiving their 

own body movements than those of their friends, even though they have greater visual 

experience observing the movement of friends (Loula, Prasad, Harber, & Shiffrar, 2005).  

In clinical disorders that are characterized by dysfunction in the motor system, including 

Asperger’s syndrome and paraplegia, there is evidence for deficits in biological motion 

perception and action observation (Arrighi, Cartocci, & Burr, 2011; K. J. Price, Shiffrar, 

& Kerns, 2012).  The specificity of this association has been shown in patients with 

hemiplegia following stroke, who are impaired in perceiving biological motion only 

when that motion appears to be performed by their hemiplegic arm (Serino et al., 2009).  

The neural basis of perception-action coupling is thought to depend largely on the 

putative human mirror neuron system, encompassing the ventral premotor cortex, inferior 
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frontal gyrus, and inferior parietal cortex (Calvo-Merino, Glaser, Grèzes, Passingham, & 

Haggard, 2005; Iacoboni & Dapretto, 2006; Iacoboni et al., 2005; Jeannerod, 2001).  

These regions show increased activity both when observing and performing actions, 

suggesting that an intact motor system is integral for biological motion perception, 

beyond simple visual experience (Shiffrar, 2011).  There appears to be substantial overlap 

between this mirror neuron network and the brain regions that support biological motion 

perception, including ventral premotor cortex (Gilaie-Dotan, Kanai et al., 2013).   

The mirror neuron system and perception-action coupling may be altered in PD.  

Researchers have investigated the role of the subthalamic nucleus in action observation in 

individuals with PD who had undergone deep brain stimulation surgery.  These studies 

have revealed that oscillatory activity in the subthalamic nucleus is modulated by action 

observation, and that observing and executing movement are associated with similar 

changes in subthalamic nucleus electrical activity and coherence between the subthalamic 

nucleus and neocortex (Alegre et al., 2010; Marceglia et al., 2009).  This finding suggests 

a role for cortico-basal ganglia-thalamocortical loops in the perception of human actions.  

It is reasonable to postulate that in individuals with PD with disrupted activity in the 

subthalamic nucleus (i.e., who have not had deep brain stimulation surgery), action 

observation and understanding may be affected by altered synchronous neural activity.  

Moreover, individuals with PD show a reduced cortical motor response (measured 

via motor-evoked potentials) to observed hand actions compared to healthy adults 

(Tremblay, Léonard, & Tremblay, 2008).  Behavioral studies also indicate dysfunction in 

perception-action coupling in PD.  Healthy adults show motor facilitation when executing 
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an action that is congruent with a previously observed action (visuomotor priming); 

individuals with PD do not show this facilitation, for example when viewing the motion 

of a hand and then having to perform a hand motion themselves (Poliakoff, Galpin, Dick, 

Moore, & Tipper, 2007).  This lack of perception-action facilitation appears to be specific 

to movements that are no longer in the PD motor repertoire—visuomotor priming is 

intact in PD when the observed action is performed by an individual with PD (Castiello, 

Ansuini, Bulgheroni, Scaravilli, & Nicoletti, 2009).  Together, these studies suggest that 

the motor dysfunction in PD may impact biological motion perception in a specific 

manner, a hypothesis that was tested in the present project (Experiment 1).   

Despite the aforementioned evidence demonstrating deficits in action perception 

and perception-action coupling in motor disorders such as PD, there is still a dearth of 

studies examining the link between walking impairment and walking perception.  PD 

provides an appropriate model to test whether deficits in walking impact the perception 

of walking, because PD causes well-defined impairments in walking such as decreased 

walking speed, increased step frequency, decreased stride length, reduced leg swing time, 

increased stride-to-stride variability, and increased left/right swing asymmetry 

(Baltadjieva et al., 2006; Carpinella et al., 2007; Ebersbach et al., 1999; Hausdorff et al., 

2003; Vieregge, Stolze, Klein, & Heberlein, 1997).  It is therefore possible to test 

whether specific changes in walking are associated with impaired biological motion 

perception in PD, a goal of the current investigation. 
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Perceptual Training to Improve Walking in PD 

As reviewed above, impairments in walking persist in PD despite pharmacologic 

treatment.  Physical therapy has proven to be highly beneficial for PD (Shulman et al., 

2013; Wada et al., 2014), and researchers have also investigated adjunctive non-

pharmacological therapies based on enhancing sensory perception to effect the 

rehabilitation of motor dysfunction in PD.  The placement of external visual stimuli such 

as white stripes on the floor, in order to provide a cue for foot placement, has 

demonstrated efficacy in PD by increasing step length, increasing walking speed, and 

decreasing stride frequency (Moroz et al., 2009; Morris et al., 2001).  Such cues placed at 

regular intervals may normalize both the rhythmicity and scaling of walking and step 

movements in PD by matching movements to the external cue.  Changes in walking due 

to external visual cues are associated with activity in the cerebellum, posterior parietal 

cortex, and the premotor cortex, suggesting a possible compensatory mechanism that 

recruits the cerebellar-thalamo-cortical circuitry (Hanakawa, Fukuyama, Katsumi, 

Honda, & Shibasaki, 1999).  

Auditory cues have also shown efficacy in improving walking in PD.  For 

example, having individuals walk to the beat of music and shifting the beat to increase or 

decrease their cadence has resulted in improving stride length and walking speed, with 

effects lasting one month after training (Dalla Bella, Benoit, Farrugia, Schwartze, & 

Kotz, 2015).  In a large trial that investigated the external validity of cueing strategies, 

Nieuwboer et al. (2007) had 153 individuals with PD perform mobility training at home 

with the help of auditory cues (regular beeps through an earpiece), visual cues (rhythmic 
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light flashes from an LED display on glasses), and somatosensory cues (pulsed vibrations 

on the wrist).  After three weeks of combining cueing with practice of walking and other 

movements, the researchers found significantly increased step length and walking speed, 

with a trend towards reduced stride frequency.  These changes were not associated with 

increased self-reported quality of life, however, and the motor gains decreased at six-

week follow-up.  Additional rehabilitation approaches therefore are needed to 

complement the existing body of non-pharmacological interventions for PD.  

Turning back to perception-action coupling and the mirror neuron system, a 

potential translational component of this research is that perceptual training using 

biological motion (observing actions, movement, and walking) could lead to improved 

walking in PD.  In light of the previous section’s discussion of the strong association 

between action perception and action production, the possibility exists that enhancing 

visual processing and discrimination of movement using repetitive training may lead to 

improved motor function.  That is, observing movement may circumvent the 

dysfunctional basal ganglia and directly stimulate the supplementary motor area and 

premotor cortex: observing walking is associated with functional activity in the premotor 

cortex, supplementary motor area, inferior parietal lobule, and inferior frontal gyrus, 

regions in the mirror neuron system that are important for biological motion perception 

and action production (Iseki, Hanakawa, Shinozaki, Nankaku, & Fukuyama, 2008).   

Hence, perceptually stimulating these areas could lead to neuroplastic changes in the 

premotor cortex and associated gains in walking in PD. 
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There is a burgeoning body of literature that points towards perceptual 

observation of movement as an efficacious treatment for the rehabilitation of motor 

deficits (for a review, see Buccino, 2014).  Stroke patients with upper limb motor deficits 

who systematically observed hand and arm actions showed improvements in executing 

these actions following training and at eight-week follow-up (Ertelt et al., 2007).  These 

gains were associated with functional changes in brain regions underlying perception-

action coupling and biological motion perception: the stroke patients demonstrated 

greater activity in the ventral premotor cortex, supplementary motor area, and superior 

temporal gyrus following visual training (Ertelt et al., 2007).  This latter finding suggests 

that improvement in motor function may be achieved through a process of motor 

simulation and neuroplasticity, whereby repeated visual training leads to repeated 

generation of internal, embodied motor simulations and associated strengthening of 

neural activity in motor, biological motion, and mirror neuron regions.  An alternative 

possible mechanism may be more explicit processing, in which individuals learn to 

modulate and self-correct their walking via visual training.   

Additional studies have demonstrated the efficacy of action observation in 

rehabilitating motor deficits, including the upper limb motor deficits in cerebral palsy 

(Buccino et al., 2012) and walking in healthy older adults (Tia et al., 2010).  The latter 

study was particularly relevant to the current research project in that it evaluated the 

efficacy of action observation in improving walking in older adults.  Participants had to 

discriminate between correct and distorted movements.  Following training, they 
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demonstrated increased walking speed and increased step frequency, though step length 

did not change.  

Exploiting the perception-action association provides an opportunity to develop a 

similar innovative, empirically-based rehabilitation technique for the motor deficits in 

PD.  Very few studies to date have investigated this question.  In a study by Tamir et al. 

(2007), adults with PD had to engage in motor imagery such as imagining others walking, 

standing up, sitting down, balancing, and engaging in functional motor activities such as 

tying shoelaces.  Motor imagery is known to elicit activity in the mirror neuron system 

similar to actual action observation.  When compared to physical therapy alone, motor 

imagery + physical therapy led to improvements in the Timed-Up-And-Go test, standing 

up from a supine position, lying down from standing, and rotating in a circle. 

The findings of this study on motor imagery, in addition to those on stroke, 

cerebral palsy, and healthy aging, suggest that action observation may also be beneficial 

for PD.  Four studies to date have demonstrated that the observation of movements lead 

to improvement in motor function in PD, including bradykinetic hand movement 

(Bieńkiewicz, Rodger, Young, & Craig, 2013; Pelosin, Bove, Ruggeri, Avanzino, & 

Abbruzzese, 2013), freezing of gait (Pelosin et al., 2010), and autonomy in daily 

activities (Buccino et al., 2011).  These studies are reviewed in more detail in Chapter 4.  

Despite this growing evidence, no studies to date have looked at whether action 

observation can improve walking deficits in PD, quantified with objective measures.  

Few studies have quantified spatiotemporal improvements due to action observation 
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using objective motor assessments in any disease population, which was the goal of 

Experiment 3. 

 

Specific Aims and Hypotheses 

The goal of this set of studies was (1) to investigate biological motion perception 

and its relation to walking deficits in PD; (2) to determine whether PD impairs the 

perception of socially complex gestures from biological motion; and (3) to evaluate the 

efficacy of a perceptual training (gait observation) intervention in improving walking 

deficits in the disease.  The study comprised the following three experiments with their 

respective goals and hypotheses.  

 

Experiment 1: Characterization of Biological Motion Perception in PD 

The goal of Experiment 1 was to determine whether individuals with PD were 

impaired in perceiving biological motion (walking), and how such impairment related to 

their deficits in walking and basic vision.  It was hypothesized that adults with PD would 

be less sensitive to biological motion (point-light walking) than healthy, neurologically 

normal control (NC) adults.  Based on the reviewed evidence of perception-action 

coupling, the hypothesis was that the PD group would have difficulty perceiving PLW 

stimuli that moved at high speeds with healthy gaits that were outside their motor 

repertoire (as individuals with PD have difficulty walking in this manner because of the 

disease).  By contrast, the PD group was predicted to have no difficulty perceiving PLW 

stimuli that moved at slow speeds with a parkinsonian gait, because these stimuli would 
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be similar to the PD group’s own gait.  It was also hypothesized that biological motion 

perception would be associated with their own walking impairment (indexed through 

several objective measures of walking), but not changes in low-level visual processing 

such as coherent motion perception or contrast sensitivity.  

 

Experiment 2: Perception of Communicative and Non-Communicative Gestures in PD 

The goal of Experiment 2 was to determine whether individuals with PD have 

decreased sensitivity to socially complex biological motion that depicts actions and 

gestures.  It was hypothesized that adults with PD would be impaired relative to NC 

adults in perceiving point-light actions and gestures, particularly those that conveyed 

social/communicative information (e.g., waving hello) compared to those that were non-

social and non-communicative (e.g., sweeping the floor).  Exploratory analyses to look at 

the moderating effect of gender on gesture perception were also conducted because 

gender differences exist in social cognition in PD (Clark et al., 2008).  Another prediction 

was that performance on this point-light gesture perception task would correlate with a 

self-report measure of social functioning, such that participants who had difficulty 

perceiving socially communicative gestures would have poorer everyday social 

functioning. 
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Experiment 3: Efficacy of an At-Home Gait Observation Intervention for Walking 

Deficits in PD  

The goal of Experiment 3 was to determine whether a perceptual training 

intervention using biological motion (gait observation) could improve walking deficits 

and quality of life in PD.  PD participants were randomly assigned to an intervention 

condition (Gait Observation) or control condition (Landscape Observation).  The 

prediction was that compared to those in the Landscape Observation group, individuals in 

the Gait Observation condition would show (1) faster walking speed, increased stride 

length, and reduced stride frequency when comparing a post-intervention laboratory 

walking assessment to a pre-intervention laboratory walking assessment; (2) reduced 

stride frequency, greater walking duration, and greater number of walking periods per 

hour, assessed at home over the course of the weeklong intervention; and (3) improved 

self-reported mobility and quality of life following the intervention.  It was also 

hypothesized that all participants would find the instructions and structure of the 

experiment to be feasible and acceptable. 

 

Significance 

The findings of this study have several important ramifications for understanding 

perceptual and motor changes in PD, and for developing a novel non-pharmacological 

intervention to improve symptoms of the disease.  At the broadest level, further 

illuminating the nature of non-motor symptoms, such as visual motion perception 

deficits, is an important research endeavor in its own right given that non-motor 
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symptoms are a significant source of disease burden and changes in quality of life for 

those with PD (Martinez-Martin, Rodriguez-Blazquez, Kurtis, & Chaudhuri, 2011).  The 

ability to perceive actions, gestures, and emotions from biological motion has clear 

implications for everyday social functioning.  Determining whether biological motion 

perception is impaired in PD (Experiments 1 and 2) can provide insight into the social 

cognitive deficits in the disease that are only now beginning to be understood. 

 The results of Experiment 3 provide evidence for the efficacy of a non-

pharmacological intervention for walking dysfunction in PD.  While dopamine 

replacement therapy is highly beneficial in treating symptoms of the disease, residual 

motor symptoms often remain.  Identifying novel treatments can therefore complement 

existing therapies in reducing the burden of the disease.  Several studies have provided 

initial efficacy data on perceptually-based rehabilitation interventions for PD.  Unlike the 

current experiment, no other studies have used a home-based intervention or collected 

objective walking data at home to determine whether improvements generalize to 

naturalistic settings.   

 This series of experiments has several innovative aspects.  It is the first to (1) 

investigate perception of biological motion (walking and social gestures) in PD, including 

its possible visual, motor, and social correlates; (2) study the relation between specific, 

objectively measured walking characteristics and biological motion perception in any 

movement disorder; (3) determine if an at-home perceptual training using biological 

motion (Gait Observation) can improve walking in naturalistic settings outside the 

laboratory, in any clinical population.  The knowledge gained will provide valuable 
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insights for scientists, clinicians, individuals with PD, and caregivers regarding the nature 

of visual and motor dysfunction in PD, as well as the efficacy of a novel rehabilitation 

approach. 
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CHAPTER 2:  EXPERIMENT 1—CHARACTERIZATION OF BIOLOGICAL 

MOTION PERCEPTION IN PARKINSON’S DISEASE  

  

Introduction 

Parkinson’s disease (PD) is a progressive neurodegenerative disease that affects 

visual perception and the ability to carry out vision-based activities of daily living 

(Davidsdottir et al., 2005; Seichepine et al., 2011).  With respect to basic motion 

perception, which depends on regions such as V5/MT and the temporo-parieto-occipital 

junction (Andersen, 1997; Grossman et al., 2000; Sunaert, Van Hecke, Marchal, & 

Orban, 1999), some studies have found deficits in PD relative to control participants 

(Trick et al., 1994), whereas others have found no difference (Amick et al., 2003).  A 

more consistent observation is that PD impairs higher-level motion perception, such as 

the perception of motion-defined objects including squares and spheres (Uc et al., 2005), 

motion-defined surfaces (Castelo-Branco et al., 2009), and second-order motion (Ezzati 

et al., 2010).  These findings suggest PD-related alterations in extrastriate cortex that 

mediates visual motion perception (Putcha et al., 2014). 

One form of motion perception that has not been studied in PD to date is the 

perception of human movement, or biological motion.  Biological motion perception is an 

important cue to others’ actions, identity, personality, communicative intent, and 

emotional state (Atkinson et al., 2004; Clarke et al., 2005; Cutting & Kozlowski, 1977; 

Dittrich, 1993; Heberlein et al., 2004).  Even when visual motion cues are isolated to the 

motion of a set of point-lights on the major joints of the body (known as point-light 
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walkers or PLWs), observers readily perceive a human.  Observers robustly perceive 

biological motion even when PLW stimuli are presented for very brief durations, and 

when obscured by a mask (Blake & Shiffrar, 2007; Chang & Troje, 2009; Cutting et al., 

1988; Johansson, 1973).  

Sensitivity to biological motion may be reduced in PD because of disease-related 

motor deficits.  There is strong evidence that action perception and action production are 

intricately connected (“perception-action coupling”) and that the motor system partially 

mediates action perception by simulating or embodying observed actions (Gallese et al., 

2011; Iacoboni et al., 2005; Shiffrar, 2011).  Activity in the ventral premotor cortex, part 

of the mirror neuron network that activates both when perceiving and producing actions, 

predicts individual performance on biological motion tasks (Gilaie-Dotan, Kanai, et al., 

2013).  Clinical disorders that affect motor function including Asperger’s syndrome, 

paraplegia, and hemiplegia have all been associated with reduced sensitivity to biological 

motion (Arrighi et al., 2011; K. J. Price et al., 2012; Serino et al., 2009).  These findings 

suggest that in PD, motor dysfunction may affect visual perception (e.g., Dayan, 

Inzelberg, & Flash, 2012).  There may be specific difficulty in perceiving biological 

motion that individuals with the disease can no longer perform (e.g., fast, healthy walking 

patterns) with relatively spared perception of motion that is similar to their own motor 

ability (e.g., slow, shuffling walking patterns).  While previous studies have found 

associations between motor function and biological motion perception in other clinical 

populations (e.g., between unsteadiness and perception of PLW stimuli in Asperger’s 

syndrome; Price et al., 2012), the present study is the first to specifically examine the 
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association between gait characteristics and perception of walking from biological 

motion.   

 A second reason that biological motion perception may be impaired in PD is 

because of alterations in basic, low-level visual abilities such as contrast sensitivity and 

coherent motion perception.  Reduced contrast sensitivity, which is a common finding in 

PD (Bodis-Wollner et al., 1987), would presumably make biological motion cues less 

salient and more difficult to perceive.  Alternatively or additionally, a deficit in biological 

motion perception could be explained by reduced sensitivity to low-level coherent 

motion, or by reduced sensitivity to motion-defined forms more generally.  The 

contribution of coherent motion seems less likely given mixed findings in PD, whereas 

difficulty perceiving motion-defined forms is more consistently observed and may 

therefore play a role in biological motion perception.  

 A third possibility is that deficient biological motion perception in PD may result 

directly from changes specifically to the posterior superior temporal sulcus, which is a 

polysensory region that integrates motion and form cues and is consistently associated 

with biological motion perception in healthy observers (Carter et al., 2011; Grossman, 

Battelli, & Pascual-Leone, 2005).  This possibility is raised by a study that found that 

reduced perception of emotional gestures in PD was associated with decreased functional 

activity in the superior temporal sulcus (Lotze et al., 2008).  PD may also lead to 

dysfunction in the visual corticostriatal loop connecting the tail of the caudate to 

extrastriate visual cortex, including posterior superior temporal sulcus (Seger, 2013).  If 

biological motion perception is impaired in PD, but the deficit is independent of changes 
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in gait and in basic vision/motion perception, this would implicate extrastriate regions 

such as the superior temporal sulcus.  

 The goals and hypotheses of the present study are as follows.  The first goal was 

to determine whether adults with PD are impaired in perceiving biological motion.  We 

predicted that the PD group would perform more poorly on a biological motion 

recognition task than would control participants, but that performance would be relatively 

intact on tasks of object motion and coherent motion perception.  The second goal was to 

determine correlates of biological motion perception in PD.  In line with evidence of 

perception-action coupling, we hypothesized that individuals with PD would be 

specifically impaired at perceiving biological motion outside their motor repertoire (i.e., 

fast, natural walking patterns), and that objectively measured gait characteristics in PD 

would correlate with performance on the biological motion perception task. We predicted 

that the hypothesized biological motion perception deficit in PD would be independent of 

contrast sensitivity and coherent motion perception. 

 

Method 

Participants 

The study included 26 individuals with PD and 24 control participants.  The 

sample size was determined by a power analysis with power = 80%, a medium effect size 

(0.30), and alpha = .05.  Participants were recruited through the Parkinson’s Disease and 

Movement Disorders Clinic at Boston Medical Center, Boston University’s Sargent 

College of Health and Rehabilitation Sciences, and the Michael J. Fox Foundation’s Trial 
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Finder website.  PD and control participants were matched for age, education, and 

male:female ratio.  All were native speakers of English or completed high school in 

English, had at least 12 years of education, and lived at home rather than in an institution.  

Individuals with PD met clinical criteria for mild to moderate idiopathic PD (Hoehn & 

Yahr Stage 1-3).  Motor disability was quantified using the Unified Parkinson’s Disease 

Rating Scale motor subscale.  All but one individual with PD were taking medications for 

their motor symptoms and were in the “on” state during testing.  Levodopa equivalent 

dosage (LED; mg/day) was calculated for each individual with PD using a standardized 

formula (Tomlinson et al., 2010).  Table 1 displays demographic and clinical 

characteristics of the PD group and control group. 

Exclusion criteria included serious chronic medical, neurological (other than PD), 

or psychiatric illness; mental retardation; history of intracranial surgery; history of 

traumatic brain injury with loss of consciousness greater than a few seconds; current or 

previous substance or alcohol abuse; and diagnosis of eye disease such as significant 

current macular degeneration, cataract, or glaucoma.  Use of antidepressants and 

anxiolytics was permitted in the PD group only, because of the frequent use of these 

medications in this population.  Use of such medications in the control group, or other 

psychoactive medications in either group, was grounds for exclusion.   

 

Procedure 
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 All procedures were approved by the Boston University Institutional Review 

Board in accordance with the Declaration of Helsinki.  Participants were explained the 

study procedures prior to participating and signed an informed consent form.   

 

Screening Measures and Questionnaires.  Dementia was screened by using the 

Columbia-Modified Mini Mental State Examination and all participants scored above 

27/30.  Individuals with PD and control participants were administered the Geriatric 

Depression Scale and the Beck Anxiety Inventory to assess symptoms of depression and 

anxiety, respectively.  

 

Basic Vision and Motion Perception Assessment.  Visual acuity was assessed 

using the Lighthouse Near Visual Acuity Test at a distance of 16 inches (40 cm).  

Participants had corrected binocular visual acuity equal to or greater than 20/40 

(logarithm mean angle of resolution, log mean angle of resolution ≤ 0.3).  Contrast 

sensitivity was determined using the Functional Acuity Contrast Test at a distance of 16 

inches (40 cm).  This test provides contrast sensitivity values for five spatial frequencies 

(1.5, 3, 6, 12, and 18 cycles per degree).  These values were used in correlation analyses 

to determine the relation between contrast sensitivity and biological motion perception.   

To assess basic, low-level coherent motion perception, a random-dot 

kinematogram task was used.  Stimuli were created in which a subset of dots moved 

either leftward or rightward (signal), while additional dots moved in random directions 

across the screen (noise).  The following signal to noise ratios were used: 3, 6, 12, 24, 48 
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and 96%.  For each signal-to-noise ratio, eight trials were presented in which the dots 

moved directly left and eight in which they moved directly right, for a total of 96 

trials.  Each stimulus was shown for 500 msec.  Participants reported verbally whether 

the subset of coherent dots was moving leftward or rightward.  A perception threshold 

was calculated by fitting each participant’s data to a Weibull function and computing the 

percent coherence that corresponded to 80% correct performance. 

 

Biological Motion Perception Assessment.  Biological motion perception was 

tested using PLW stimuli; the procedures for stimulus creation are described in detail 

elsewhere (Kaiser, Delmolino, Tanaka, & Shiffrar, 2010a; Kaiser, Shiffrar, & Pelphrey, 

2012; Thomas & Shiffrar, 2010).  One male and one female adult actor each walked on a 

treadmill in a ReActor motion capture system (Ascension Technology Corporation, 

Milton, VT).  Each actor wore 13 sensors attached to the head, shoulders, elbows, and 

wrists, hips, knees, and feet.  

In one condition (“Natural”), the actors were instructed to walk as they normally 

would at three different speeds (0.5, 1.0, 1.5 m/s).  In a second condition 

(“Parkinsonian”), the actors were instructed to walk like someone with PD:  i.e., with 

short, shuffling steps, decreased arm swing, and a forward postural lean.  One actor had 

extensive experience working with adults with PD, and the other actor was coached on 

how to approximate a parkinsonian gait pattern.  With the parkinsonian gait, both actors 

walked at the same three speeds (0.5, 1.0, 1.5 m/s).  These PLW stimuli were shown to 

eight observers who had extensive experience working with PD and who were asked to 
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rate how parkinsonian the gait appeared in each stimulus on a 1—5 Likert scale (1 = least 

parkinsonian; 5 = most parkinsonian).  The observers’ perceptual ratings confirmed that 

slower speeds with parkinsonian gait were perceived as more parkinsonian, while faster 

speeds with normal gait were perceived as least parkinsonian (mean ratings provided in 

Table 2).   

The purpose of these manipulations of gait and speed was to create two sets of 

walking patterns, one normal and one abnormal (abnormal being similar to parkinsonian 

walking), to test the hypothesis that the PD group would be better at perceiving abnormal, 

slow walking than perceiving fast, healthy walking patterns presumably outside their 

motor repertoire.  Each actor walked in one direction only during motion capture.  While 

rendering the movies, these PLW stimuli were flipped to create an equal number of 

walking trials in the opposite direction.  All PLW stimuli were five seconds in duration to 

ensure sufficient time for participants to perceive and process full strides and inter-limb 

coordination patterns.  

 This procedure created a set of 24 “coherent” PLW stimuli (2 actors x 2 directions 

x 3 speeds x 2 gait types).  For each coherent stimulus, a “scrambled” PLW stimulus was 

created by randomizing the starting location of individual point-lights on the body; this 

procedure ensured the same local dot motions in the scrambled stimuli, but destroyed the 

spatio-temporal coherence required to perceive a human walking.  The scrambled stimuli 

served as foils in a two-alternative forced choice detection task.  The 48 stimuli (24 

coherent and 24 scrambled) were each presented twice for a total of 96 trials.  

Participants verbally reported whether or not they perceived a human walking (“yes” or 
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“no”) and the examiner recorded the response.  Eight practice trials were conducted using 

additional stimuli, prior to the experimental trials.  The dependent variable was an 

unbiased measure of sensitivity, d’, calculated using the standardized hit rate minus the 

standardized false alarm rate. 

 In a second biological motion perception task, coherent and scrambled PLW 

stimuli were presented in noise masks.  Following Thomas and Shiffrar (2010), masks 

were created by duplicating each point-light and randomizing its starting location within 

a one to five point radius of one of the points defining the original walker (e.g., the “head 

dot” could be duplicated and positioned near the “right wrist dot”).  This procedure was 

repeated for all 48 PLW stimuli, creating a corpus in which half of the stimuli were 

coherent+masked and half were scrambled+masked.  This masking procedure creates a 

more challenging psychophysical task, which renders the local motions of individual dots 

uninformative and therefore requires the participant to detect the global spatiotemporal 

structure of the human form.  Examples of stimuli are provided in Figure 1.  Participants 

completed a two-alternative forced choice detection task using coherent-masked and 

scrambled-masked stimuli that were each presented twice (total of 96 trials).  They were 

instructed to decide whether or not they perceived a human walking “within a cloud of 

extra dots.” Participants responded verbally (“yes” or “no”) and responses were recorded 

by the examiner.  Eight practice trials were conducted using additional stimuli, prior to 

the experimental trials.  The main outcome measure was d’.  

Object Motion Perception Assessment.  This task served as a control condition in 

order to stringently test whether potential perceptual deficits were specific to aspects of 
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biological motion because object motion mirrors biological motion in its complexity (i.e., 

animate, non-rigid, jointed), but is non-biological.  Object motion perception invokes 

neural substrates that differ from those invoked by biological motion perception 

(Beauchamp et al., 2003).  Following Kaiser et al. (2010a), the object was a “John Deere 

Loader” toy tractor (Peg Perego, 124.5 x 63.5 cm) filmed as it moved on a treadmill.  13 

sensors were attached to the tractor (4 on each wheel, 3 on the bucket and bucket pivot 

joint, 1 on the top, and 1 at the back).  The tractor moved on the treadmill at 1.0 m/s in 

one direction only and the motion capture system was used to create a point-light 

stimulus of the moving tractor.  Stimulus construction was analogous to that for the 

biological motion perception task in several respects.  While rendering the movie, the 

point-light object stimulus was flipped to create a stimulus moving in the opposite 

direction.  The stimuli were five seconds in duration.  For each coherent point-light object 

stimulus, a scrambled point-light object stimulus was created by randomizing the starting 

location of each dot, analogous to the procedure described above.  Participants viewed 20 

stimuli (2 moving directions x 2 stimuli type [coherent/scrambled] x 5 repetitions of 

each) and had to decide whether or not they perceived a moving tractor.  Answers were 

given verbally (“yes” or “no”) and d’ was the dependent variable.  Participants completed 

four practice trials prior to the experimental trials.  

 In a second object motion perception task, coherent and scrambled stimuli were 

presented in noise masks.  The masking procedure was analogous to that for the 

biological motion perception task (i.e., 13 additional dots, duplicated from the original 

stimulus with a randomized starting position).  Participants again viewed 20 stimuli (2 
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moving directions x 2 stimuli type (coherent/scrambled) x 5 repetitions of each) and 

reported verbally (“yes” or “no”) whether or not they perceived a moving tractor.  The 

outcome measure was d’.  Participants completed four practice trials prior to the 

experimental trials. 

Administration of screening measures, questionnaires, and vision tests was 

completed in a quiet testing room.  The motion perception experiments used a CRT 

monitor (Mitsubishi Diamond Pro 21 inch monitor with 160 Hz max refresh rate) at a 

distance of 60 cm. All stimuli were presented with MatLab 2009a (MathWorks, Natick, 

MA) and Psychophysics Toolbox version 3.0 (Brainard, 1997; Kleiner, Brainard, & Pelli, 

2007; Pelli, 1997).  Participants sat in a comfortable, adjustable seat and were given 

frequent breaks as needed.  

 

Gait Assessment.  All participants completed a gait assessment in the laboratory 

to determine whether gait characteristics were associated with biological motion 

perception.  Spatiotemporal gait parameters were derived using tri-axial Geneactiv 

accelerometers (ActivInsights Ltd., Cambridgeshire, UK) at a sampling frequency of 100 

Hz (dynamic range: +/- 8g; resolution: 12 bit [3.9 mg]).  Participants wore the 

accelerometer on the right ankle while walking in a straight line down a hallway.  One 

participant wore the accelerometer on the left ankle because the signal was not 

discernable from the right ankle.  Participants completed four walking trials: two trials 

walking for 10m each, and two trials walking for 20m each, with different distances to 
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provide diversity in walking to better approximate naturalistic settings.  All participants 

were instructed to walk at their natural, comfortable walking pace.  

Acceleration data was extracted using EMG Works software (Delsys Inc., Natick, 

MA) and temporal gait parameters were based on automatic peak detection functions of 

the software which identified maximal (heel-strike) and secondary (toe-off) peaks from 

the x-axis of the accelerometer, which was oriented in the sagittal plane of the lower 

limb.  This procedure is similar to previous methods that have validated accelerometer-

measured heel-strikes and toe-offs using footswitches and force plates (Boutaayamou et 

al., 2012; Heiden & Burnett, 2004; Lee, Cho, Lee, Yang, & Lee, 2010; Willemsen, 

Bloemhof, & Boom, 1990).   

At the end of each trial, once participants had reached a yellow tape marker that 

specified the end of the walking trial, they often took extra steps past the marker to 

maintain their standing posture and to turn and face the examiner for the subsequent trial.  

To ensure that we did not include these additional steps past the specified endpoint, we 

first inspected the heel-strike amplitudes of five consecutive strides from the middle of 

the trial.  We then excluded any strides at the end of the trial where the amplitude of the 

heel-strike was less than 33% of the amplitude of the strides in the middle of the trial. 

One stride was defined as the time between successive heel strikes of the same leg.  The 

spatiotemporal walking variables that were identified included:  stride length (distance of 

walking trial / number of strides); stride frequency (number of strides / time to complete 

the walking trial); and walking speed (distance of the walking trial / time to complete the 

trial).  For each participant, all spatiotemporal walking variables were calculated 
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separately for the four walking trials and then averaged together to determine the mean 

and standard deviation (variability) across the four trials.  

 

Statistical Analyses 

 Group differences on the motion perception tasks were analyzed using mixed 

design ANOVA with Group (PD, control) as the between-subjects variable and the 

relevant within-subjects variables (e.g., Mask Condition [Mask, No Mask]; PLW Speed 

[0.5, 1.0, 1.5 m/s]; PLW Gait Type [parkinsonian, natural]).  Statistical tests were two-

tailed with alpha of .05.  Post-hoc comparisons for main effects were conducted using 

Tukey’s honestly significant difference (HSD) tests.  To explore significant interaction 

effects, we conducted post-hoc pairwise t-tests.   We report 95% confidence intervals (in 

square brackets) whenever appropriate.   

For simple main effects and interaction effects in ANOVA, we report effect size 

using eta-squared (η2), the proportion of the total variability in the data that is accounted 

for by that effect.  For post-hoc comparisons of two means, we report effect size using 

Cohen’s d, where .2 is a small effect, .5 is a medium effect, and .8 is a large effect.  The 

pooled standard deviation was used as the standardizer (denominator) for calculating 

Cohen’s d.   

To determine whether biological motion perception was associated with gait 

parameters or visual function, Pearson correlations (two-tailed) were conducted.  To 

account for the large number of correlation analyses, we used a conservative alpha level 

of .01. 
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Results 

Demographic and Clinical Measures 

A series of one-way ANOVAs was conducted to examine group differences on 

demographic and clinical measures.  As shown in Table 1, there were no significant 

group differences in age, education, general cognitive status, depression, or anxiety (all 

Fs < 3.68, ps > .05).  There was no difference in male:female ratio between groups (χ2 = 

.35, p = .56) and there were no gender x group interactions on any perception tests  (all 

Fs < 1.96, ps > .05).  

 

Assessment of Basic Vision and Coherent Motion Perception 

The PD and control groups did not differ in visual acuity (F(1,48) = 2.43, p = .13, 

η2 = .05).  Group differences in contrast sensitivity (FACT chart) were determined using 

a 2x5 mixed design ANOVA with a between subjects factor of Group (PD, control) and 

within subjects factor of spatial frequency (1.5, 3, 6, 12, and 18 cycles/degree).  There 

was a main effect of spatial frequency (F(4,180) = 237.83, p < .001, η2 = .84) and a main 

effect of Group (F(1,45) = 5.8, p = .02, η2 = .11).  Individuals with PD had poorer 

contrast sensitivity than control participants regardless of spatial frequency (Mean 

difference = .11 [.02, .20], p = .02, d = .7).  There was no Group x spatial frequency 

interaction (F(4,180) = 1.27, p = .28, η2 = .004).  

On the coherent motion perception task, one individual with PD and one control 

participant were excluded from the analysis because it appeared that they did not 
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understand the task and performed at chance level at all coherence levels.  An additional 

three individuals with PD were excluded because their threshold values were greater than 

two standard deviations from the group mean. There was no group difference in coherent 

motion perception threshold (mean difference = .34 [-3.37, 4.04], t(43) = .18, p = .86, d = 

.06). 

 

Biological Motion Perception Task—Overall Performance by Mask Condition  

As shown in Figure 2, results demonstrated a significant main effect of Group 

(F(1,48) = 19.4, p < .001, η2 = .29), a significant main effect of Mask Condition (F(1,48) 

= 247.56, p < .001, η2 = .82), and a significant Group x Mask Condition interaction 

(F(1,48) = 6.03, p = .02, η2 = .02).  Post-hoc t-tests revealed that individuals with PD had 

poorer sensitivity to biological motion than control participants in both the No Mask 

(mean difference = .35 [.08, .62], t(34) = 2.59, p = .01, d = .72) and Mask conditions 

(mean difference = .85 [.45, 1.25], t(48) = 4.32,  p < .001, d = 1.22), though the effect 

size was much larger in the Mask condition.  For both groups, masked stimuli rendered 

the task more difficult as sensitivity to biological motion was lower in the Mask than the 

No Mask condition (mean difference in the PD group = 1.86 [1.54, 2.18], t(25) = 12.04, p 

< .001, d = 3.09; mean difference in the control group = 1.36 [1.09, 1.63], t(23) = 10.33, 

p < .001, d = 2.61).  

 

Biological Motion Perception Task—Effect of PLW Gait Type  
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In the No Mask condition, the analysis revealed a significant main effect of Group 

(F(1,48) = 6.71, p = .01, η2 = .12), no significant main effect of PLW Gait Type (F(1,48) 

= 1.65, p = .21, η2 = .03), and no significant Group x PLW Gait Type interaction (F(1,48) 

= .79, p = .38, η2 = .02).  The PD group had lower sensitivity to biological motion than 

the control group regardless of PLW Gait Type (mean difference = .26 [.06, .47], p = .01, 

d = .74).   

In the Mask condition, results (Figure 3) revealed a significant main effect of 

Group (F(1,48) = 21.12, p < .001, η2 = .30), a significant main effect of PLW Gait Type 

(F(1,48) = 70.26, p < .001, η2 = .59), and no significant Group x PLW Gait Type 

interaction (F(1,48) = .39, p = .54, η2 = .003).  The PD group had lower sensitivity to 

biological motion than the control group regardless of PLW Gait Type (mean difference 

= .82 [.46, 1.18], p < .001, d = 1.3).  Across all participants, sensitivity to biological 

motion was greater when viewing PLWs with a Parkinsonian gait than with a Natural gait 

(mean difference = .71 [.54, .88], p < .001, d = 1.02).   

 

Biological Motion Perception Task—Effect of PLW Speed   

In the No Mask condition, there was a significant main effect of main effect of 

Group (F(1,48) = 6.9, p = .01, η2 = .13), a significant main effect of PLW Speed (F(2,96) 

= 4.25, p = .02, η2 = .08), and no significant Group x PLW Speed interaction (F(2,96) = 

2.44, p = .09, η2 = .05).  The PD group had lower sensitivity to biological motion than the 

control group regardless of PLW Speed (mean difference = .21 [.05, .37], p = .01, d = 

.75).  Sensitivity to PLWs at 1.5 m/s was greater than at 0.5 m/s (mean difference = .15 
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[.04, .26], p = .01, d = .39), and there was a trend for it to be greater for 1 m/s than 0.5 

m/s (mean difference = .12 [.01, .24], p = .05, d = .3).  There was no difference in 

performance for PLWs moving at 1.5 and 1.0 m/s (mean difference = .03 [-.06, .11], p = 

.56, d = .09). 

In the Mask condition, results (Figure 4) showed a significant main effect of 

Group (F(1,48) = 18.54, p < .001, η2 = .28), a significant main effect of PLW Speed 

(F(2,96) = 73.13, p < .001, η2 = .60) but no significant Group x PLW Speed interaction 

(F(2,96) = .8, p = .45, η2 = .01).  The PD group had lower sensitivity to biological motion 

than the control group regardless of PLW Speed (mean difference = .72 [.39, 1.06], p < 

.001, d = 1.22).  For both groups, sensitivity to biological motion was greater for PLWs 

moving at 1.5 m/s than at 1.0 m/s (mean difference = 1.24 [1.05, 1.43], p < .001, d = 

1.88) or 0.5 m/s (mean difference = .62 [.43, .8], p < .001, d = .83).  Sensitivity to 

biological motion was poorer at 1 m/s than at 0.5 m/s (mean difference = .62 [.38, .86], p 

< .001, d = .80).   

 

Object Motion Perception Task   

As shown in Figure 5, there was a significant main effect of Group (F(1,48) = 

4.34, p = .04, η2 = .08), a significant main effect of Mask Condition (F(1,48) = 15.6, p < 

.001, η2 = .23), and a significant Group x Mask Condition interaction (F(1,48) = 4.42, p = 

.04, η2 = .07).  Post-hoc t-tests revealed that individuals with PD did not differ from 

control participants in the No Mask condition (mean difference = .09 [-.11, 28], t(48) = 

.90,  p = .37, d = .26), whereas in the Mask condition, individuals with PD had 
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significantly lower sensitivity to object motion than control participants (mean difference 

= .38 [.06, .71], t(47) = 2.39, p = .02, d = .68).  Within-group comparisons of 

performance on the No Mask vs. Mask condition showed no difference for control 

participants (mean difference = .13 [-.1, .36], t(23) = 1.17, p = .26, d = .28), but 

significantly poorer performance in the PD group in the Mask than the No Mask 

condition (mean difference = .43 [.25, .61], t(25) = 4.86, p < .001, d = .91).  

 

Direct Comparison of Perception Tasks 

To compare performance of the PD group across perception tasks, we computed z 

scores for each individual with PD using the mean and standard deviation of the control 

group, separately for the biological motion perception task (Mask condition), object 

motion perception task (Mask condition), and coherent motion perception task.  

Individuals with PD had significantly lower z scores (more impairment) on the biological 

motion perception task than on the object motion perception task (t(25) = 2.29, p = .031) 

as well as the coherent motion perception task (t(21) = 4.83, p < .001). 

 

Gait and Visual Correlates of Biological Motion Perception  

Table 3 displays values for gait parameters in PD and control participants.  

Compared to the control group, the PD group had significantly slower walking speed 

(F(1,48) = 25.45, p < .001, η2 = .35) and shorter stride length (F(1,48) = 17.05, p < .001, 

η2 = .26).  There were no group differences in stride frequency, or in the variability 

(standard deviation) of walking speed, stride length, and stride frequency (all Fs < 2.76, 



	
  

	
  

44 

all ps > .05, all η2 < .05). In neither group were there any significant correlations between 

mean or standard deviation of gait parameters and sensitivity to biological motion 

perception, in either the No Mask or the Mask condition (all rs < .45, all ps > .01).     

In determining whether contrast sensitivity was associated with biological motion 

perception, one participant with PD was excluded whose contrast sensitivity at 1.5 cpd 

was 4.5 standard deviations below the group mean.  In the control group, No Mask 

condition, the only significant correlations appeared between contrast sensitivity at 1.5 

cycles/degree and d’ for PLW stimuli moving at 1.0 m/s (r = .52, p = .01) and between 

contrast sensitivity at 12 cycles/degree and d’ for PLW stimuli moving at 1.0 m/s (r = 

.54, p = .01).  There were no significant correlations in the Mask condition.  In the PD 

group, no significant correlations emerged between contrast sensitivity and sensitivity to 

biological motion in the No Mask and Mask conditions (all rs < .38, all ps > .01).  We 

also found no significant correlations between coherent motion perception and biological 

motion perception in either the No Mask and Mask conditions, in either group (all rs < .3, 

all ps > .05). 

 

Discussion 

The main goal of the present study was to determine whether biological motion 

perception is impaired in PD.  In accord with our hypothesis, the results showed less 

sensitivity to biological motion in the PD group than in the matched healthy control 

group.  This group difference emerged regardless of whether the PLW stimuli were 

presented with or without a noise mask but, as expected, the deficit was more extreme 
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under the mask condition (large effect) than under the no-mask condition (medium effect 

size).  These results demonstrate that PD is associated with a deficit in extracting the 

global spatiotemporal features of human motion under suboptimal viewing conditions, as 

may occur in the natural environment. 

The PD group also showed less sensitivity to object (non-biological) motion than 

control participants, though only when the object was presented in a noise mask.  This 

finding suggests that those with PD may have a generalized deficit in perceiving motion-

defined forms, which is consistent with prior reports of PD-related alterations in 

perception of motion-defined objects (Uc et al., 2005), motion-defined surfaces (Castelo-

Branco et al., 2009), and second-order motion (Ezzati et al., 2010).  Individuals with PD, 

however, performed significantly worse on the biological motion task than the object 

motion task.  Moreover, the standardized group difference in biological motion 

perception (large effect size) was almost twice that of the group difference in object 

motion perception (medium effect size), indicating that in PD, the magnitude of the 

deficit is stronger for human motion than object motion.   

In healthy adults, perception of biological motion and object motion activates 

overlapping regions in occipital, parietal, and temporal cortices (Virji-Babul, Cheung, 

Weeks, Kerns, & Shiffrar, 2007), as well as regions that are unique to each type of 

motion perception.  Within the lateral temporal cortex, biological motion consistently 

activates the superior temporal sulcus and superior temporal gyrus, whereas object 

motion is associated with activity in middle temporal gyrus and inferior temporal sulcus 

(Beauchamp, Lee, Haxby, & Martin, 2002; Beauchamp et al., 2003).  Our results suggest 
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that in PD, activity in superior temporal regions may be more compromised than activity 

in middle and inferior temporal regions, possibly arising from dysfunctional connections 

between the caudate and extrastriate cortex (Seger, 2013), or structural and functional 

changes to these regions (Lotze et al., 2008; Pereira et al., 2009).  

The second goal of this study was to examine gait and visual correlates of 

biological motion perception in PD.  We predicted that the PD group would have 

particular difficulty in perceiving biological motion outside their motor repertoire.  

Contrary to our hypothesis, individuals with PD did not have poorer sensitivity to PLW 

stimuli moving at fast speeds compared to slow speeds, or to PLW stimuli with a natural 

gait compared to a parkinsonian gait.  These findings was surprising given evidence of 

specific impairments in perceiving motion that patients can no longer perform themselves 

in other motor disorders (Arrighi et al., 2011; Serino et al., 2009), and previous findings 

that have demonstrated impaired perception-action coupling in PD (Poliakoff et al., 2007; 

Tremblay et al., 2008).  

One limitation of our approach of using PLW stimuli with parkinsonian gait was 

that the stimuli were actors imitating a parkinsonian gait, which may not have effectively 

activated the mirror neuron system of PD participants.  A second limitation is that the 

noise mask may not have adequately masked the parkinsonian PLW stimuli (e.g., due to 

the lack of movement of the dots), given that all participants had increased sensitivity to 

parkinsonian PLW stimuli compared to natural PLW stimuli.  To further investigate the 

perception-action association, we calculated spatiotemporal gait parameters (mean and 

standard deviation walking speed, stride length, and stride frequency).  Although the PD 
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group had significantly slower walking speed and shorter stride length than the control 

group, there was no association between these gait characteristics and biological motion 

perception in either group, providing further evidence against an association between gait 

deficits in PD and biological motion perception.   

Our findings argue against deficient perception-action coupling as the underlying 

mechanism of altered human motion perception in PD.  The biological motion deficit was 

not associated with walking dysfunction, and the deficit did not appear to be tied to 

difficulty simulating or embodying actions (mediated by premotor cortex and the mirror 

neuron system) outside the PD group’s motor repertoire.  Rather, impaired biological 

motion perception, and to a lesser extent object motion perception, may arise from 

perceptual difficulty in the spatiotemporal integration of form and motion cues, an ability 

largely dependent on posterior superior temporal sulcus (biological motion) and middle 

temporal cortex (object motion).  Deficient perception-action coupling as it relates to 

human motion perception may become more apparent at later disease stages in PD that 

are characterized by greater motor impairment.  

In the present study, biological motion perception was not associated with 

contrast sensitivity, despite the PD group having poorer contrast sensitivity than healthy 

control participants.  We assessed contrast sensitivity using the Functional Acuity 

Contrast Test, which is coarser than a threshold measure, and it is possible that contrast 

sensitivity measured in a more sensitive psychophysical test may show an association 

with biological motion perception in PD.  Biological motion perception was also not 

associated with low-level coherent motion perception mediated by area MT, as there 
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were no group differences in perception threshold on a coherent motion perception task, 

nor did these thresholds correlate with performance on the biological motion task.  These 

findings provide additional support that insensitivity to biological motion in PD is 

independent of motor and basic, low-level perceptual changes. 

In summary, the present study showed that individuals with PD are impaired 

relative to control participants in perceiving biological motion (large effect), and also in 

perceiving object motion (medium effect).  The impairment is significantly worse for 

biological motion than object motion.  Reduced sensitivity to biological motion in PD 

may arise from changes in superior temporal sulcus and lateral middle temporal cortex, 

rather than from deficiencies in perception-action coupling or low-level visual 

perception.  Of clinical relevance, difficulties in perceiving the movements and actions of 

others, though independent of the severity of individuals’ own gait dysfunction, may lead 

to difficulty in interpersonal communication and social functioning for those living with 

the disease. 

  



	
  

	
  

49 

Tables and Figures 

Table 1. Participant characteristics by Group (Parkinson’s Disease [PD], Normal 
Control [NC]). UPDRS = Unified Parkinson’s Disease Rating Scale; H & Y = Hoehn & 
Yahr staging criteria; LED = Levodopa equivalent dosage; logMAR = logarithm of the 
mean angle of resolution; MMSE = Mini Mental State Examination; GDS = Geriatric 
Depression Scale; BAI = Beck Anxiety Inventory. Values presented are means (standard 
deviations), unless otherwise indicated. 

Measure PD (n = 26) NC (n = 24) Significance 

Age (years) 65.1 (7.9) 62.5 (8.6) NS 

Education (years) 16.5 (2.1) 17.3 (1.8) NS 

Gender (M/F) 13/13 10/14 NS 

UPDRS Motor Score 18.6 (8.0) -- -- 

H & Y Stage (median) 2.0 -- -- 

LED (mg/day) 469 (268) -- -- 

Acuity (logMAR) 0.08 (0.1) 0.03 (0.12) NS 

MMSE 28.5 (0.9) 28.9 (0.8) NS 

GDS 6.1 (4.1) 4.1 (5.0) NS 

BAI 5.2 (5.0) 3.1 (3.8) NS 
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Table 2. Mean Perceptual Ratings of Point-Light Walker Stimuli.  Eight graduate 
students who had extensive experience working with adults with Parkinson’s disease 
were asked to rate the point-light walker stimuli on a scale of 1—5, with 1 being “least 
parkinsonian” and 5 being “most parkinsonian.”  

	
  
Stimulus Gait Stimulus Speed Mean Rating (1-5)     

Natural 0.5 m/s 3.06   

Natural 1.0 m/s 1.31   

Natural 1.5 m/s 1.31   

Parkinsonian 0.5 m/s 3.69   

Parkinsonian 1.0 m/s 2.75   

Parkinsonian 1.5 m/s 2.38   
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Table 3. Mean [95% Confidence Intervals] of Walking and Gait Parameters by 
Group.  PD = Parkinson’s disease; NC = normal control participants; SD = standard 
deviation.  Walking parameters were calculated for each participant by taking the mean 
and standard deviation (as an index of variability) across four straight-line walking trials. 

 

Walking Parameter PD (n = 26)  NC (n = 24) Significance 

Mean Walking Speed (m/s) 1.16 [1.10, 1.21] 1.35 [1.29, 1.41] p < .001 

SD Walking Speed (m/s) 0.07 [0.06, 0.09] 0.09 [0.08, 0.10] NS 

Mean Stride Length (m) 1.33 [1.27, 1.39] 1.52 [1.45, 1.60] p < .001 

SD Stride Length (m) 0.06 [0.04, 0.08] 0.06 [0.04, 0.08] NS 

Mean Stride Frequency (stride/s) 0.87 [0.85, 0.90] 0.89 [0.86, 0.92] NS 

SD Stride Frequency (strides/s) 0.03 [0.03, 0.04]  0.04 [0.04, 0.04] NS 
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Figure 1. Static images of point-light walker movies by condition: (a) human walker 
with no mask; (b) scrambled walker with no mask; (c) human walker presented in a noise 
mask; and (d) scrambled walker presented in a noise mask. 

a.)  

 

b.) 

 

c.) 

 

d.) 
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Figure 2.  Overall sensitivity to biological motion by Mask Condition (No Mask, 
Mask) and Group (Parkinson’s disease [PD]; normal control [NC]). The dependent 
variable is d’. Error bars represent 95% confidence intervals. The PD group had 
significantly poorer sensitivity to biological motion than the NC group in No Mask and 
Mask conditions, though the magnitude of the effect was larger in the Mask condition. 
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Figure 3.  Sensitivity to biological motion by PLW Gait Type (Natural, 
Parkinsonian) and Group (Parkinson’s disease [PD]; normal control [NC]) in the 
Mask condition.  The dependent variable is d’.  Error bars represent 95% confidence 
intervals.  The PD group had significantly poorer sensitivity to biological motion than the 
NC group regardless of PLW Gait Type.  Sensitivity to Parkinsonian gait was higher than 
sensitivity to Natural gait regardless of Group. 
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Figure 4.  Sensitivity to biological motion by PLW Speed (0.5, 1.0, 1.5 m/s) and 
Group (Parkinson’s disease [PD]; normal control [NC]) in the Mask condition.  The 
dependent variable is d’.  Error bars represent 95% confidence intervals.  The PD group 
had significantly poorer sensitivity to biological motion than the NC group at all PLW 
Speeds. 
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Figure 5.  Sensitivity to object motion by Mask Condition (No Mask, Mask) and 
Group (Parkinson’s disease [PD]; normal control [NC]).  The dependent variable is 
d’.  Error bars represent 95% confidence intervals.  The PD group had significantly 
poorer sensitivity to biological motion than the NC group in the Mask condition only. 
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CHAPTER 3: EXPERIMENT 2—PERCEPTION OF COMMUNICATIVE AND 

NON-COMMUNICATIVE GESTURES IN PARKINSON’S DISEASE 

	
  
Introduction 

Parkinson’s disease (PD) is a progressive neurodegenerative disorder associated 

with the death of dopaminergic neuron in the substantia nigra.  Because of strong 

functional connections between the basal ganglia and neural regions involves in social 

cognitive processing, individuals with PD experience problems in social cognition, 

including difficulty recognizing emotions from faces and prosody (Buxton, MacDonald, 

& Tippett, 2013; Clark et al., 2008; Dara, Monetta, & Pell, 2008), as well as in theory of 

mind (Bodden, Dodel, et al., 2010; Freedman & Stuss, 2011).  Deficits in social cognition 

in PD are associated with changes in orbitofrontal cortex, cingulate gyrus, temporo-

parietal cortex, and the amygdala (Ibarretxe-Bilbao et al., 2009; Péron et al., 2010), as 

well as white matter integrity (Baggio et al., 2012).  These deficits arise in part from 

impairments in cognitive function (e.g., working memory, visuospatial skills; Pell et al., 

2014; Yip et al., 2003), but can also manifest independently of cognitive deficits 

(Bodden, Mollenhauer, et al., 2010; Gray & Tickle-Degnen, 2010).   

A limitation of previous studies in the visual modality is that they have 

predominantly focused on the perception and recognition of static stimuli such as 

emotional faces.  Few studies have investigated how PD affects the perception of 

dynamic social information.  Human body motion, or biological motion, enables the 

effective communication of social intentions and emotions (Atkinson et al., 2004; 

Roether, Omlor, Christensen, & Giese, 2009).  Whether shaking a fist vigorously to 
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convey anger or rubbing one’s stomach to communicate satisfaction following a tasty 

meal, communicative (also known as intransitive) gestures are a ubiquitous and important 

part of interpersonal communication.  Transitive gestures that are object-oriented (e.g., 

hammering, throwing a ball) are also important as they allow observers to perceive and 

understand actions and activities that others are engaged in.   

Gesture perception from biological motion may be impaired in PD.  A recent 

investigation from our group found that individuals with PD are less sensitive than 

healthy adults to biological motion that depicts walking (Jaywant et al., submitted), a 

deficit that may extend to more socially complex biological motion.  Gesture perception 

activates the superior temporal sulcus (STS) and premotor cortex (Lotze et al., 2006; 

Montgomery, Isenberg, & Haxby, 2007), which are critical regions in biological motion 

perception (Gilaie-Dotan, Kanai, et al., 2013; Grossman et al., 2005) and have 

compromised neural integrity in PD (Pereira et al., 2009; Zarei et al., 2013).  Individuals 

with PD may also be impaired in gesture perception because of their own motor 

difficulty, as there is evidence for a common coding system between perception and 

action (Bidet-Ildei, Chauvin, & Coello, 2010; Calvo-Merino et al., 2005; Serino et al., 

2009). 

Only a handful of studies to date have investigated gesture perception and 

comprehension in PD, with some finding intact performance (Bonivento, Rumiati, 

Biasutti, & Humphreys, 2013; Leiguarda et al., 1997) and one showing impaired implicit 

processing of non-social gestures (Klooster, Cook, Uc, & Duff, 2015).  In a neuroimaging 

study (Lotze et al., 2008), PD participants made significantly more errors in recognizing 
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emotional gestures than did healthy control participants, though recognition of non-

emotional (object-oriented) gestures was intact.  In the PD group, there was reduced 

activation across several visual-motor regions, such as STS, when contrasting the 

emotional vs. non-emotional gestures.  This study provides the strongest evidence to date 

for impaired gesture perception in PD and its association with neural regions implicated 

in biological motion perception such as the STS.   

One major weakness of these studies is that gesture stimuli are often videos of the 

hand or full body, which makes it difficult to ascertain to what extent individuals with PD 

are relying on motion cues to render their decision.  The presence of morphological cues 

from the face and body confounds examination of gesture perception specifically from 

biological motion, such as in the study by Lotze et al. (2008).  It is therefore unknown to 

what extent the PD deficit in this study was specifically related to motion cues.  This is an 

important question because in visually degraded or noisy conditions when morphological 

features are obscured or ambiguous, individuals with PD may need to rely predominantly 

on biological motion for accurate social perception.  Even when morphology and motion 

cues provide social information, understanding potential difficulties in perceiving social 

information from biological motion could be useful in creating targeted rehabilitation 

programs for individuals with PD, such as training to improve motion perception in 

addition to improving other forms of social cognition.  

In the present study, we investigated gesture perception and comprehension in PD 

using point-light stimuli to represent biological motion, where the only visual cues are 

points of light on the major joints of the body.  Such stimuli are commonly used to isolate 
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visual information to motion and reliably convey actions and emotions (Clarke et al., 

2005; Dittrich, 1993; Johansson, 1973).  The use of point-light stimuli allowed us to 

investigate if individuals with PD are impaired in perceiving gestures specifically from 

visual motion.  We predicted that the PD group would perform more poorly than the 

control group in discriminating between communicative and non-communicative 

gestures, and in accurately describing communicative gestures.   

We also conducted exploratory analyses to investigate whether gender would 

affect the performance of PD individuals on gesture perception.  Gender differences exist 

in PD with regards to disease symptoms (I. N. Miller & Cronin-Golomb, 2010a).  Men 

with PD perform more poorly on tasks of social cognition (e.g., emotion recognition; 

Clark et al., 2008 and 2010) and have greater difficulty with social communication 

(Lubomski, Rushworth, Lee, Bertram, & Williams, 2014).  In healthy adults, women 

perform better on emotion recognition tasks than men (Thompson & Voyer, 2014).  

When interpreting emotions from ambiguous audiovisual information (facial expressions 

and speech), men rely more on linguistic cues whereas women rely more on extra-

linguistic, nonverbal cues (Marquardt, Levitt, Sherrard, & Cannito, 2014).  We therefore 

predicted that men with PD would have particular difficulty in gesture perception.  

To determine whether perception of point-light gestures was related to PD 

individuals’ own motor deficit, we correlated performance on the perception tasks with 

extent of motor disability.  We predicted that greater motor disability would correlate 

with poorer gesture perception in line with evidence of a common coding system for 

perception and action (Bidet-Ildei et al., 2010).   
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Finally, to assess the functional impact of a possible deficit in gesture perception, 

we also assessed self-reported social functioning.  Individuals with PD have difficulty 

with social problem solving (Anderson et al., 2013), feel frustrated when communicating 

with others (N. Miller et al., 2006), and report distress in interpersonal interactions (Clark 

et al., 2008).  It is possible that these social difficulties arise in part due to difficulties in 

correctly perceiving and interpreting the actions and gestures of others.  We predicted 

that worse performance on the gesture perception tasks would be associated with 

increased difficulties in social functioning in everyday life. 

 

Method 

Participants 

The study included 23 individuals with PD and 24 normal control adults (NC).  

Participants were recruited through the Parkinson’s Disease and Movement Disorders 

Clinic at Boston Medical Center, Boston University’s Sargent College of Health and 

Rehabilitation Sciences, the Michael J. Fox Foundation’s Clinical Trial Finder website, 

and research talks at local PD support groups.  PD and NC participants were matched for 

age, education level, and male:female ratio (see Table 4).  All were native speakers of 

English or completed high school in English, had at least 12 years of education, and lived 

at home.  PD participants were included if they met clinical criteria for mild to moderate 

idiopathic PD (Hoehn & Yahr Stage 1-3, U.K. Parkinson’s Disease Society Brain Bank 

diagnostic criteria; Hughes, Daniel, Kilford, & Lees, 1992).  They were in the “on” state 

during testing.  Levodopa-equivalent-dosage (LED; mg/day) was calculated using a 
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standardized formula (Tomlinson et al., 2010).  One individual with PD was not taking 

any medications.   

Exclusion criteria for both groups included serious chronic medical, neurologic 

(other than PD), or psychiatric illness; mental retardation; history of intracranial surgery; 

history of traumatic brain injury with loss of consciousness greater than a few seconds; 

current or previous substance or alcohol abuse; and diagnosis of eye disease.  Use of 

antidepressants and anxiolytics was permitted in the PD group only, because of the 

frequent use of these medications in this population.  Use of other psychoactive 

medications in either group was grounds for exclusion.   

All procedures were approved by the Boston University Institutional Review 

Board in accordance with the Helsinki Declaration.  Participants signed an informed 

consent form prior to beginning the study.    

 

Screening Measures and Questionnaires 

Dementia was screened for using the Columbia-Modified Mini Mental State 

Examination (MMSE) and all participants scored above 27/30 (conversion to standard 

MMSE scores).  The Geriatric Depression Scale (GDS) and the Beck Anxiety Inventory 

(BAI) were used to assess symptoms of depression and anxiety, respectively.  

Participants had corrected binocular visual acuity equal to or greater than 20/40 

(logarithm mean angle of resolution, logMAR ≤ 0.3; Lighthouse Near Visual Acuity Test 

at 16 inches).  Contrast sensitivity was determined using the Functional Acuity Contrast 

Test (FACT) at a distance of 16 inches.   
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Motor disability was quantified using the Unified Parkinson’s Disease Rating 

Scale (UPDRS) Motor subscale.  The gesture stimuli primarily conveyed information 

from the upper limbs (see below).  We therefore computed a motor score for UPDRS 

items of upper limb motor disability (sum of items 21, 22, 25, 26, 28, 29, 32-37) to 

determine whether upper limb motor dysfunction was associated with gesture perception. 

The Social Adaptation Self-Evaluation Scale (SASS; Bosc, Dubini, & Polin, 

1997), a reliable measure of social function in PD (McNamara, Stavitsky, Durso, & 

Harris, 2010),  was administered to assess social functioning.  PD participants only were 

administered the 39-item Parkinson’s Disease Questionnaire (PDQ-39; Total Score and 

Communication subscale).  The PDQ-39 was modified to rate quality of life over the past 

week, instead of the past month, to render it appropriate for a separate concurrent study.   

 

Gesture Perception Task 

Participants viewed point-light human figures that conveyed gestures made with 

the arms, hands, and fingers.  The stimuli were created in a motion capture laboratory at 

Dalhousie University (Zaini, Fawcett, White, & Newman, 2013) and were composed of 

23 white point-lights on a black background (lights placed on a male actor’s head, 

shoulders, elbows, wrists, all 10 finger tips, hips, knees, and ankles).  The actor faced the 

viewer while performing the gestures.  The point-lights depicted gestures that were either 

(a) communicative – emblems or intransitive gestures that are meant to convey or 

exchange information with another person and that have commonly accepted meanings  

(e.g., a thumbs-up gesture to signal “good job”) (McNeill, 1985, 1992); or (b) non-
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communicative – instrumental pantomimes or transitive gestures of object-oriented 

actions that do not convey information to another person (e.g., leaning over and moving 

hands back and forth in a “sweeping the floor” gesture) (examples in Figure 6).   

These point-light stimuli were validated on a group of 20 young adults by Zaini et 

al. (2013).  Briefly, this group of young adults was asked to verbally identify the gestures.  

The entropy statistic H was calculated to determine participant agreement; stimuli that 

did not have high agreement were excluded from the corpus.  We chose 25 

communicative and 25 non-communicative gestures (see Table 5) from the corpus that 

were highly recognized by the research participants from the validation study and that 

were suitable to present to older adults in this study.  Some stimuli we chose elicited 

relatively poorer recognition in the validation study, but were selected because they 

appeared particularly relevant to our sample of older adults (e.g., sewing gesture).  We 

did not include stimuli with an obvious cultural component (e.g., signing the cross). 

The 50 point-light gestures were presented to participants in a random order.  The 

stimuli ranged in duration from 1.85 to 5 seconds.  After viewing each stimulus, 

participants had two tasks: (1) make a forced-choice decision as to whether the stimulus 

depicted a communicative or non-communicative gesture (Gesture Discrimination Task); 

and (2) provide a short verbal description of the gesture (Gesture Description Task).  

Participants were allowed as much time as needed to respond, and encouraged to guess if 

necessary, but were not allowed to replay a video.  Although the instructions stated to 

first discriminate and then describe the gesture, some participants first described the 

gesture and then provided their discrimination response.   
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The Gesture Discrimination Task assessed whether patients could identify 

communicative and non-communicative gestures in a forced-choice format, while the 

Gesture Description Task assessed whether patients could infer, retrieve, and verbalize 

the correct intention of the gesture.  A participant’s response to a stimulus on the Gesture 

Discrimination task was scored independently of his or her response on the Gesture 

Description task.   

At the beginning of the test, participants were provided with detailed instructions 

as well as definitions and examples of what constituted communicative and non-

communicative gestures.  They were instructed to respond “communicative” if they 

believed that the gesture was communicating information to another person who was not 

shown in the video, and “non-communicative” if the gesture was not communicating 

information to another person and instead depicted an action involving an object (that 

was not shown).  They were then asked to provide a short verbal description of the action 

or gesture.  Participants answered verbally and the responses were recorded by the 

examiner.  Six practice trials were provided using stimuli that were not included in the 

experiment.  In the practice trials only, participants were given feedback on their 

responses.  

 

Gesture Perception Task—Scoring  

 On the Gesture Discrimination task, participants were awarded one point for each 

stimulus they correctly identified as communicative or non-communicative.  Percent 

correct was calculated for each gesture type.  On the Gesture Description task, correct 
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responses were awarded one point, and were defined as follows: (1) exact wording or 

paraphrasing of the stimulus, based on the responses provided by Zaini et al. (2013); (2) 

lengthy descriptions of the correct answer (e.g., “he’s having lunch” was considered a 

correct response for “eating”); (3) synonyms of the correct answer (e.g., “admonishing” 

was considered a correct response for “shaming”); (4) for non-communicative gestures 

that involved an object, replacement with another appropriate object or the generic name 

of that object (e.g., “drinking a liquid”, “drinking water”, and “drinking a beer” were all 

acceptable responses for “drinking”).  Of participants’ correct responses for 

communicative gestures, 37% fell under response type (1), 51% fell under response type 

(2), and 12% fell under response type (3).  Of participants’ correct responses for non-

communicative gestures, 68% fell under response type (1), 19% fell under response type 

(2), 7% fell under response type (3), and 6% fell under response type (4).  Responses in 

which the participant only described the action without demonstrating an understanding 

of the meaning of the gesture were scored as incorrect (e.g., “he raised his hand to his 

head” was not a correct response for “saluting”).   

A trained research assistant who was blind to participants’ group status scored the 

responses.  An additional research staff member checked this initial scoring for accuracy.  

Discrepancies (i.e., a disagreement in scoring or a scoring error) were resolved by 

discussion.  There was agreement between the two scorers on the majority of responses 

across participants (communicative gestures: 91% agreement of initial scoring decision; 

non-communicative gestures: 96% agreement of initial scoring decision). Any response 

that both scorers deemed ambiguous was further judged for correctness by agreement of 
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6 or more of 8 independent scorers, who were blind to group.  This resulted in an 

additional 10 responses being marked as correct.    

 

Procedure 

Administration of screening measures, questionnaires, vision tests, and perception 

tasks was completed in a quiet testing room.  The gesture stimuli were QuickTime movie 

files (640 x 480 pixes, 24 frames per second) that were converted to Audio Video 

Interleaved (.avi) format and displayed on a CRT monitor (Mitsubishi Diamond Pro 21 

inch monitor with 160 Hz max refresh rate).  All stimuli were presented using either 

MatLab 2009a (MathWorks, Natick, MA) and Psychophysics Toolbox version 3.0 

(Brainard, 1997; Kleiner et al., 2007; Pelli, 1997), or using SuperLab 5.0 Presentation 

Software (Cedrus, USA).  Participants sat in a comfortable, adjustable seat and were 

given frequent breaks as needed.   

 

Statistical Analyses 

Group differences on the Gesture Discrimination Task and Gesture Description 

Task were analyzed separately using mixed design analysis of variance (ANOVA) with 

Group (PD, NC) as the between-subjects variable and Gesture Type (communicative, 

non-communicative) as the within-subjects variable.  Results of all ANOVAs are 

reported in Table 6.  Post-hoc analysis was conducted using independent samples t-tests. 

Percent correct was used as the dependent variable.  
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For simple main effects and interaction effects in ANOVA, we report effect size 

using η2, the proportion of the total variance in the data that is accounted for by that 

effect, where .01 is a small effect, .06 is a medium effect, and .14 is a large effect.  For 

post-hoc and planned comparisons of two means, we report effect size using Cohen’s d, 

where .2 is a small effect, .5 is a medium effect, and .8 is a large effect.  The pooled 

standard deviation was used as the standardizer (denominator) for calculating Cohen’s d.  

Spearman rank-order correlations with a conservative alpha of .01 were performed to 

determine if performance on the gesture perception tasks was associated with motor 

disability and social functioning in PD and NC participants.  We used alpha = .01 as a 

conservative approach to minimize false positive significant findings, as we conducted 

numerous pairwise correlations. 

 

Results 

Demographic and Clinical Measures 

PD and NC participants did not differ significantly in age, education, visual 

acuity, general cognitive status (MMSE), symptoms of depression (GDS), or symptoms 

of anxiety (BAI) (all Fs < 2.52, ps > .05).  There was no difference in male:female ratio 

between groups (χ2 = .02, p > .05) nor did men and women differ in age, education, 

acuity, and symptoms of depression or anxiety (all Fs < 2.49 ps > .05).  

Group differences in contrast sensitivity (FACT chart) were determined using a 

2x5 mixed design ANOVA with a between subjects factor of Group (PD, NC) and within 

subjects factor of Spatial Frequency (1.5, 3, 6, 12, and 18 cycles/degree).  There was a 
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main effect of Spatial Frequency (F(4,172) = 236.79, p < .01, η2 = .84) and a main effect 

of Group (F(1,43) = 8.58, p < .01, η2 = .17).  PD had poorer contrast sensitivity than NC 

regardless of spatial frequency (p < .01, d = .86).  There was no Group x Spatial 

Frequency interaction (F(4,172) = 1.71, p > .05, η2 = .01). There was a Group x Gender x 

Spatial Frequency interaction (F(4,164) = 2.64, p < .05, η2 = .01).  PD men had poorer 

contrast sensitivity than NC men at 6 and 12 cycles/degree (t(18)s > 2.27, ps < .05, ds > 

1.07).  PD women had poorer contrast sensitivity than NC women at 3 and 18 

cycles/degree (t(25)s > 2.80, ps < .01, ds > 1.11).  There was no significant difference in 

contrast sensitivity between PD men and PD women.  

 

Gesture Discrimination Task 

Results are displayed in Figure 7.  As shown by the 95% confidence intervals 

(error bars) of the means in Figure 7, both PD and NC performed significantly above 

chance level (50%).  There was a main effect of Gesture Type, where participants 

demonstrated better accuracy on non-communicative gestures than on communicative 

gestures (p < .05, d = .67).  There was no significant main effect of Group or Group x 

Gesture Type interaction.  

 

Gesture Description Task 

Results are displayed in Figure 8.  There was a main effect of Gesture Type, with 

all participants performing better on non-communicative gesture trials than on 

communicative gesture trials (p < .01, d = 1.09).  There were trends towards a main effect 
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of Group and a Group x Gesture Type interaction.  To explore this trend, we conducted 

an independent samples t-test, analyzing PD-NC differences separately for 

communicative and non-communicative gestures in the Gesture Description Task.  

Whereas there was no significant PD-NC difference for communicative gestures (t(45) = 

.59, p > .05, d = .17), PD performed significantly more poorly than NC (large effect) on 

the non-communicative gesture trials (t(45) = 2.82, p < .01, d = .82). 

 

Effect of Gender on Gesture Discrimination Task and Gesture Description Task 

To investigate the possible effect of gender on performance, we conducted 2 x 2 x 

2 ANOVAs separately for the Gesture Discrimination Task and the Gesture Description 

Task.  The between-subjects factors were Group (PD, NC) and Gender (Men, Women) 

and the within-subjects factor was Gesture Type (communicative, non-communicative).  

Results on the Gesture Discrimination Task are shown in Figure 9.  As shown by the 95% 

confidence intervals (error bars) of the means in Figure 9, both PD and NC men and 

women performed significantly above chance (50%).  There was a significant Group x 

Gender interaction.  Regardless of gesture type, men with PD had poorer accuracy than 

women with PD (t(12) = 1.97, p = .07, d = .86) and NC men (t(12) = 2.15, p = .05, d = 

.96) at a trend level (large effect).  Women with PD did not differ from NC women (t(25) 

= .59, p > .05, d = .23). NC men and women did not differ (t(22) = .97, p > .05, d = .40).  

There was no significant Gesture Type x Gender interaction or Group x Gesture Type x 

Gender interaction.  
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On the Gesture Description Task, there was a significant Group x Gender 

interaction, shown in Figure 10.  Regardless of gesture type, men with PD had poorer 

accuracy than women with PD (t(21) = 1.87, p = .08, d = .76) at a trend level (medium 

effect), and significantly poorer accuracy than NC men (t(18) = 2.21, p < .05, d = .99).  

Women with PD did not differ from NC women (t(25) = .05, p > .05, d = .02).   NC men 

and women did not differ (t(22) = .84, p > .05, d = .34).  There was no significant Gesture 

Type x Gender interaction or Group x Gesture Type x Gender interaction.  

 

Correlation with Motor Disability 

In the PD group (as a whole and separately in men and women), no significant 

correlations emerged between motor disability (UPDRS Motor and UPDRS Motor upper 

limb scores) and accuracy on the Gesture Discrimination Task or Gesture Description 

Task (all ρs < .66, ps > .01). 

 

Correlation with Social Functioning and Quality of Life 

There was no difference between PD and NC in SASS score (F(1,45) = .06, p > 

.05, η2 = .001).  There was no Group x Gender interaction in SASS score (F(1,43) = .48, 

p > .05, η2 = .01).  Correlation coefficients by group, task, and self-report measure are 

shown in Table 7.  Within the PD and NC groups, accuracy in perceiving communicative 

or non-communicative gestures (on both the Gesture Discrimination Task and Gesture 

Description Task) largely did not correlate with the SASS Total score or on individual 

items of the SASS related to family relationships, interpersonal engagement, and 
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community involvement (all ρs < .45, ps > .01); however, one significant negative 

correlation emerged in the NC group: greater accuracy in perceiving communicative 

gestures on the Gesture Discrimination Task was associated with poorer quality of 

relationships with others (SASS item 10: “How in general do you rate your relationships 

with other people?”; PD M = 2.43, SD = 0.59; NC M = 2.46, SD = 0.66; ρ = -.52, p  < 

.01).  When separating PD and NC by Gender, the negative correlation between 

perceiving communicative gestures on the Gesture Discrimination Task and SASS item 

10 was significant only in NC women (ρ = -.69, p < .01).  No other significant 

correlations emerged when analyzing the association between gesture perception and 

SASS Total and individual items separately by Group and Gender (all ρs < .60, ps > .01).  

Accuracy in perceiving communicative or non-communicative gestures did not 

correlate with the PDQ-39 Total score or the PDQ-39 Communication subscale in the PD 

group (all ρs < .33, ps > .01).  When separating the PD group by gender, there was a 

single correlation:  in men with PD, between increased accuracy in perceiving 

communicative gestures on the Gesture Discrimination Task and increased 

communication difficulties in everyday life as measured by the PDQ-39 Communication 

subscale (ρ = .76, p = .01). No other correlations were significant (all ρs < .60, ps > .01). 

 

Discussion 

This study investigated whether perception of communicative (intransitive, social) 

and non-communicative (transitive, object-oriented) gestures was impaired in PD along 

two dimensions: the ability to identify and describe an observed gesture and the ability to 
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discriminate between communicative and non-communicative gestures.  The gestures 

were perceived from point-light biological motion, which restricted visual information to 

motion cues alone.   

Our results supported the hypothesis that PD would demonstrate a deficit in 

describing gestures from biological motion, though we found this group difference only 

for non-communicative gestures.  We also discovered that gender affected the relation 

between PD and gesture perception.  Our findings are consistent with those of our recent 

study, in largely the same sample of PD and NC participants, which showed reduced 

sensitivity to perceiving point-light walking (Jaywant et al., submitted).  Here we show 

that perception of meaningful object-oriented actions from biological motion, beyond 

simple walking, is also impaired in PD.   Critically, the ability to perceive gestures from 

biological motion in PD depends on the type of information conveyed by the gesture 

(communicative or non-communicative) and the gender of the PD observer. 

The finding that PD participants as a whole had a selective deficit for describing 

non-communicative gestures was unexpected given previous research that has shown the 

opposite pattern (i.e., a PD deficit for communicative/emotional gestures but not non-

communicative/non-emotional gestures) using standard (“full-light”) stimuli (Lotze et al., 

2008).  One possibility was that our sample had trouble describing object-oriented actions 

because of their own motor problems induced by PD, as suggested by evidence for a 

common coding system for perception and action mediated by the mirror neuron system 

(Iacoboni & Dapretto, 2006).  Performance on the gesture perception tasks, however, did 

not correlate with upper limb motor disability as measured by the UPDRS.  This finding 
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is in line with our research in (mostly) the same PD sample, which found biological 

motion perception of walking stimuli was not related to gait (lower limb) dysfunction in 

PD (Chapter 2).   

Another possible explanation for the group difference in performance was that the 

PD group had worse contrast sensitivity than the NC group, but closer examination of the 

results renders this possibility unlikely.  First, both communicative and non-

communicative point-light stimuli had the same contrast, but the PD group performed 

more poorly than NC in describing only the non-communicative gestures.  Second, PD 

men were impaired relative to PD women in gesture perception, but these subgroups did 

not differ in contrast sensitivity.  

A deficit in perceiving non-communicative gestures, but not communicative 

gestures, may be partially accounted for by the type of stimuli presented in our study.  

We employed point-light stimuli, which restrict visual information to motion, and found 

those with PD to be impaired at describing non-communicative gestures.  In other studies 

that have found differing results, the stimuli were full-light videos that included 

morphological cues such as facial expression and posture (Leiguarda et al., 1997; Lotze 

et al., 2008).  It may be that difficulty perceiving communicative gestures arises primarily 

from impairment in decoding morphological features, or integrating morphology and 

motion information.  Moreover, the emotional valence of our communicative gestures 

was unknown and some gestures (e.g., “call me,” “hello”) were not characterized by a 

specific emotion.  Differences in the emotional content of our gestures relative to those in 

other studies may also explain the differences in results. That is, because PD is associated 
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with deficits in emotional processing, gesture perception from biological motion may be 

more impaired when an emotion has to be decoded.  The ability of individuals with PD to 

perceive emotional gestures from biological motion is a topic for future study.  

Differences between studies may also reflect differences in sample size and 

characteristics.  Our PD group was composed of 23 participants, while the sample of 

Lotze et al. (2008) had only eight participants; hence our study had more power to detect 

group differences.  Relative to their sample, our PD group had shorter disease duration 

(4.8 years vs. 12.8 years), less severe motor symptoms (UPDRS 33 vs. 38), and a milder 

range of disease stage (0 out of 23 vs. 2 out of 8 participants at Hoehn & Yahr stage 4).  

It is possible that our sample was only beginning to show impairments, and that 

replication of the study with a PD group at more advanced stages of the disease may yield 

differences in regard to the interaction between PD and gesture description for 

communicative and non-communicative gestures.  Future studies should also investigate 

gesture perception from point-light and full-light stimuli in the same PD sample, to better 

understand how motion cues alone and in combination with morphological cues affect 

perception. 

A secondary goal of the current study was to explore the possible moderating 

effect of gender on PD gesture perception.  There is accumulating evidence that disease 

profiles can differ in men and women with PD, possibly due to a neuro-protective effect 

of estrogen in women (I. N. Miller & Cronin-Golomb, 2010a).  Moreover, emotion 

recognition and social communication is worse in men than women with PD (Clark et al., 

2008; Lubomski et al., 2014).  We found that men with PD performed more poorly than 
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women with PD and NC men in discriminating between communicative and non-

communicative gestures, and in verbally describing both communicative and non-

communicative gestures.  This finding is consistent with prior research and underscores 

the importance of looking at subgroup of individuals with PD.   

Replication of this gender effect on biological motion perception with a larger 

sample sis warranted.  Some of the differences we observed between men and women 

were only at a trend level, and confidence intervals were large.  Additionally, while our 

PD and NC groups were matched for age, it is possible that deficits in gesture perception 

may manifest as an interaction between age, gender, and disease burden in PD, as social 

perception changes with age (Isaacowitz et al., 2007; Marquardt et al., 2014).  A larger 

sample would allow analysis on the interaction of age and gender in gesture perception in 

PD.  

We observed that both PD and NC were able to more accurately identify non-

communicative gestures than communicative gestures across tasks.  It is possible that 

participants demonstrated better accuracy on the non-communicative trials because 

object-oriented gestures such as “throwing a ball” and “casting a fishing rod” may have 

concrete and relatively unambiguous stored representations that are readily accessed 

when perceiving the gesture (Bonivento et al., 2013).  By contrast, a number of social and 

cultural factors play into how humans interact with and communicate with one another, 

which may have resulted in greater ambiguity of our communicative gestures.  

Additionally, the lack of an observed partner for communicative gesture trials may have 
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contributed to the observed lower performance on these trials by removing an important 

context for decoding the meaning of social gestures.   

Social function and quality of life were largely not correlated with perception of 

gestures from biological motion.  Previous research in clinical populations has found 

associations between biological motion and deficient social functioning in the real world 

(Kim et al., 2005), and we expected a similar relation in accord with the documented 

social and communication difficulties in PD (Anderson et al., 2013; Freedman & Stuss, 

2011; N. Miller et al., 2006).  Our correlation analyses revealed only two significant 

associations, with greater accuracy in discriminating communicative gestures associated 

with poorer communication (PD group) and relationship quality (NC group, particularly 

women).  Because the great majority of correlations were non-significant, this finding 

may be spurious, and warrants follow-up in an additional study with larger sample and a 

more sensitive measure of social dysfunction. 

It is possible that there was a lack of correlation between gesture description and 

social functioning because our participants with PD were highly socially engaged (e.g., 

came to the appointment with their spouse, frequently participate in research studies) and 

did not report social functioning deficits relative to NC, at least at this mild to moderate 

stage of the disease.  A high level of social engagement, possibly motivated by supportive 

caregivers and a healthy social network, may act as a buffer against functional 

consequences of altered gesture perception.  A deficit in gesture perception may be 

predictive of future social difficulties, though it was not possible to test this hypothesis 

given the cross-sectional methodology of these experiments.  
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It is noteworthy that the SASS and PDQ-39 encompass broad social constructs 

that likely depend on a multitude of variables including social perception, motivation, 

caregiver support, interpersonal communication skills, and personality style.  Assessment 

instruments that more closely assess the real-world impact of gesture perception (e.g., 

theory of mind measures that specifically assess the ability to read others’ nonverbal 

cues) may be more sensitive to detecting functional consequences of altered biological 

motion perception.  

There were limitations to this study.  The communicative point-light figures did 

not have a “partner” to communicate with or other relevant social context, which would 

have increased the ecological validity of the stimuli.  Such partners were not available 

from the stimulus set we used.  Another limitation was that the individuals in our PD 

sample had intact social functioning as indexed by the SASS; future studies investigating 

more advanced stages of PD (with presumably greater perceptual, motor, and social 

dysfunction) may reveal an association between gesture perception and social and 

interpersonal functioning in daily life.  In addition, questionnaires that capture aspects of 

theory of mind and social cognition may better delineate a relation between gesture 

perception and social function than the SASS.  

In summary, the present study showed that as a group, those with PD are impaired 

relative to NC in inferring and describing the meaning of non-communicative gestures, 

but are comparable to NC in describing communicative gestures.  Men with PD, 

however, have difficulty in understanding not only the actions of others (non-

communicative gestures), but also others’ communicative gestures in interpersonal 
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exchanges.  Our results add to a growing body of literature that indicates difficulty in 

perceiving social cues in PD.  We argue for the importance of assessing dynamic visual 

perception in PD, which may reveal different deficits than those elicited by conventional 

tasks that employ static visual stimuli.   

Our results also have implications for rehabilitation in PD.  If future research 

determines that a biological motion perception deficit has functional ramifications in 

ecologically valid settings for individuals with PD, then improving biological motion 

would be an important rehabilitation goal.  Perceptual training improves biological 

motion in healthy young and older adults (Grossman et al., 2004; Legault & Faubert, 

2012), and the possibility exists that training may also enhance social perception from 

biological motion in PD.  Because we found that gesture perception was different in men 

and women, rehabilitation approaches that aim to improve social cognition and social 

engagement in PD may require tailoring the rehabilitation approach to specific subgroups 

with the disease. 
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Tables and Figures 

Table 4.  Demographic and Clinical Characteristics by Group.  PD = Parkinson’s 
disease; NC = normal control participants. UPDRS = Unified Parkinson’s Disease Rating 
Scale; H & Y = Hoehn & Yahr stage; LED = Levodopa equivalent dosage; logMAR = 
logarithm of mean angle of resolution; MMSE = Mini-Mental State Examination; GDS = 
Geriatric Depression Scale; BAI = Beck Anxiety Inventory; SASS = Social Adaptation 
Self-Evaluation Scale; PDQ-39 = 39-item Parkinson’s Disease Questionnaire (quality of 
life measure). Values presented are means (standard deviations), unless otherwise 
indicated. 

 

Measure PD (n = 23) NC (n = 24) Significance 

Age (years) 65.0 (8.0) 62.5 (8.6) NS 

Education (years) 16.8 (1.7) 17.3 (1.8) NS 

Gender (M/F) 10/13 10/14 NS 

UPDRS Motor Score 19.5 (7.1) -- -- 

H & Y Stage, median (range) 2 (1 – 3) -- -- 

LED (mg/day) 491 (274) -- -- 

Acuity (logMAR) 0.07 (0.1) 0.03 (0.12) NS 

MMSE 28.6 (0.9) 28.9 (0.8) NS 

GDS 6.0 (3.9) 4.1 (5.0) NS 

BAI 5.2 (5.3) 3.1 (3.8) NS 

SASS 47.1 (6.2) 47.5 (6.8) NS 

PDQ-39 34.3 (20.0) -- -- 
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Table 5. List of Communicative and Non-Communicative Gesture Stimuli 

 

Communicative Gestures Non-Communicative Gestures 

Air quotes Brushing teeth 

All done Buttoning a shirt 

Call me Combing hair 

Calm down Conducting orchestra 

Cheering Drinking water 

Clapping Driving a car 

Come here Drying one’s body 

Enough Eating 

Good job Fishing 

Can’t hear you Hammering a nail 

Hello Hanging clothes to dry 

I can’t look Paddling 

I’m cold Picking up a box 

I’m sleepy Playing guitar 

I’m watching you Playing violin 

Offering a drink Pouring water 

Rubbing tummy Pulling rope 

Saluting Sewing 

Shaming Shooting a basketball 
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Shhh Shoveling 

Shrug Stirring 

Smelly Sweeping the floor 

Thinking Swimming 

Time out Throw a snowball 

Yawning Washing hands 
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Table 6. Results of Statistical Analyses (ANOVA). * p < .05; ** p < .01 

 

Effect df F p η2 

Gesture Discrimination Task 

Main Effect of Group (1,45) 2.03 .16 .04 

Main Effect of Gesture Type (1,45) 11.37 .002** .20 

Group x Gesture Type Interaction (1,45) .45 .50 .01 

Gesture Description Task     

Main Effect of Group (1,45) 3.01 .09 .06 

Main Effect of Gesture Type (1,45) 55.15 < .001** .54 

Group x Gesture Type Interaction (1,45) 2.62 .11 .03 

Gesture Discrimination Task—Gender Effect     

Group x Gender Interaction (1,43) 5.66 .02* .10 

Gesture Type x Gender Interaction (1,43) .04 .85 < .001 

Group x Gesture Type x Gender Interaction (1,43) 2.65 .11 .05 

Gesture Description Task—Gender Effect     

Group x Gender Interaction (1,43) 3.95 .05 .08 

Gesture Type x Gender Interaction (1,43) .12 .74 .001 

Group x Gesture Type x Gender Interaction (1,43) .002 .96 .001 
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Table 7. Pearson Correlation Coefficients by Task Accuracy, Self-Report Measure, 
and Group. PD = Parkinson’s disease; NC = normal control participants; SASS = Social 
Adaptation Self-Evaluation Scale; PDQ-39 = 39-item Parkinson’s Disease Questionnaire. 
No correlation coefficients were statistically significant.   

 

Task 

PDQ-39 

Total 

PDQ-39 

Communication 

Subscale SASS 

PD Group    

Discrimination Task, Communicative -.20 .01 -.04 

Discrimination Task, Non-Communicative -.09 -.33 .04 

Description Task, Communicative -.09 -.09 -.06 

Description Task, Non-Communicative -.26 -.26 .12 

NC Group    

Discrimination Task, Communicative -- -- -.07 

Discrimination Task, Non-Communicative -- -- -.45 

Description Task, Communicative -- -- .04 

Description Task, Non-Communicative -- -- .10 
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Figure 6.  Example still frames of communicative (a and b) and non-communicative 
(c and d) point-light gesture videos: a.) “waving hello”; b.) “I’m cold”; c.) “shoveling”; 
d.) “picking up an object.”  Stimuli were created by Zaini et al. (2013). 

 

a.)  b.) 

 

 

 

 

 

c.)  d.)  
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Figure 7.  Performance on the Gesture Discrimination Task by Group (Parkinson’s 
disease [PD], normal control [NC]) and Gesture Type (communicative, non-
communicative).  The dependent variable is accuracy (percent correct).  Error bars 
represent 95% confidence intervals.  PD and NC did not differ in performance.  Non-
communicative gestures were better recognized than communicative gestures, regardless 
of group. 
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Figure 8.  Performance on the Gesture Description Task by Group (Parkinson’s 
disease [PD], normal control [NC]) and Gesture Type (communicative, non-
communicative).  The dependent variable is accuracy (percent correct).  Error bars 
represent 95% confidence intervals.  PD had poorer accuracy than NC for non-
communicative gestures, but not communicative gestures.  Non-communicative gestures 
were easier to describe than communicative gestures regardless of group.  
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Figure 9.  Performance on the Gesture Discrimination Task by Group (Parkinson’s 
disease [PD], normal control [NC]) and Gender (Men, Women), averaged across 
Gesture Type (communicative, non-communicative).  The dependent variable is 
accuracy (percent correct).  Error bars represent 95% confidence intervals.  Men with PD 
performed worse than women with PD and NC men at a trend level.  Women with PD did 
not differ from NC women. NC men did not differ from NC women.  
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Figure 10.  Performance on the Gesture Description Task by Group (Parkinson’s 
disease [PD], normal control [NC]) and Gender (Male, Female), averaged across 
Gesture Type (communicative, non-communicative).  The dependent variable is 
accuracy (percent correct).  Error bars represent 95% confidence intervals.  Men with PD 
performed significantly worse than women with PD and NC men and women.  Women 
with PD did not differ from NC women or men.  Men and women NC did not differ. 
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CHAPTER 4: EXPERIMENT 3—EFFICACY OF AN AT-HOME GAIT 

OBSERVATION INTERVENTION FOR WALKING DEFICITS IN 

PARKINSON’S DISEASE 

 

Introduction 

Parkinson’s disease (PD) causes dysfunction in walking and gait (Carpinella et 

al., 2007; Yogev et al., 2005, 2007). Physical interventions (e.g., treadmill walking) as 

well as sensory approaches (e.g., metronomes) are effective in improving gait in PD 

(Duncan & Earhart, 2012; Li et al., 2012; Nieuwboer et al., 2007; Rochester et al., 2010; 

Tomlinson et al., 2013), though deficits often persist. Action observation training, in 

addition to physical practice, may be an effective adjunctive treatment. This training 

consists of repetitive visual perception of biological motion (the movement of human 

bodies). Biological motion perception depends on activity in the superior temporal sulcus 

and the mirror neuron system (premotor cortex, supplementary motor area) (Iseki et al., 

2008), regions that are dysfunctional in PD (Herz et al., 2014; Jubault et al., 2011; Suppa 

et al., 2010; Zarei et al., 2013). Results from Experiment 1 (Chapter 2) showed that 

perception of walking from biological motion is impaired in PD, which may contribute to 

walking impairments in this disorder (Miller Koop, Hill, & Bronte-Stewart, 2013). If 

individuals with PD can improve their perception of biological motion through repeated 

observations, motor aspects of gait and walking may improve via neuroplastic changes in 

motor/mirror neuron regions.   
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There is preliminary evidence for the usefulness of action observation in PD. A 

single session of observing finger movements reduced bradykinesia and enhanced 

spontaneous finger movement rate (Pelosin et al., 2013).  Observation and practice of 

everyday actions improved functional independence (Buccino et al., 2011). Observation 

of actors depicting strategies to overcome freezing of gait (and practicing those 

strategies) led to fewer self-reported episodes of freezing in comparison to a control 

condition, an effect that persisted at four-weeks follow-up (Pelosin et al., 2010).  

While these studies suggest that action observation training is beneficial in PD, 

several questions remain. First, it is unknown whether observation of biological motion 

alone is sufficient for improving motor function as in Pelosin et al. (2013), or if practice 

of the observed movements is required (as in Buccino et al. (2011) and Pelosin et al. 

(2010)). Second, previous studies have used control conditions such as sequences of 

static landscape images that make it difficult to isolate treatment effects to the 

observation of biological motion rather than non-biological motion. Third, it is unknown 

if the effects of action observation training lead to objective changes in spatiotemporal 

aspects of walking that generalize to naturalistic settings.  

The goal of the current study was to examine the efficacy and feasibility of a 

home-based action observation (gait observation) intervention for walking in PD. We 

sought to determine the effect of observing biological motion alone, without physical 

practice. We also used a stringent control condition with videos of non-human motion 

(moving water) in a natural environment, which allowed us to isolate treatment effects to 

biological motion (processed in posterior superior temporal sulcus and premotor cortex 
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(Iseki et al., 2008)) and eliminate non-biological motion (processed in middle/inferior 

temporal cortex (Beauchamp, Lee, Haxby, & Martin, 2001; Beauchamp et al., 2002)) or 

other visual features of the scene as drivers of any intervention effect. We assessed self-

reported mobility and objectively-measured spatiotemporal walking in the laboratory and 

at home, to determine whether training effects generalized to a natural setting. We 

predicted that the home-based action observation intervention would be feasible and 

would result in self-reported and objective changes in walking. 

 

Method 

Participants 

Twenty-three individuals with PD were enrolled from January 2014 to February 

2015 (Figure 11). For analyses to yield a medium size effect with power = 80% and alpha 

= .05, a sample of 18 was required. Participants were recruited through Boston Medical 

Center, Boston University’s Center for Neurorehabilitation, and the Fox Foundation Trial 

Finder. All had idiopathic PD (Hoehn & Yahr stage 1-3; U.K. Parkinson’s Disease 

Society Brain Bank diagnostic criteria (Hughes et al., 1992)), ≥ 1 on the Unified 

Parkinson Disease Rating Scale gait item (42), were native speakers of English, had at 

least 12 years of education, and lived independently at home. Exclusion criteria included 

orthopedic injuries impacting walking; use of an assistive device for walking; previous 

intracranial surgery; traumatic brain injury with loss of consciousness greater than a few 

seconds; substance abuse; and eye pathologies that impaired vision. Procedures were 

approved by the Boston University Institutional Review Board. All participants provided 
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informed consent.    

 

Random Assignment of Participants 

 Following initial telephone screening, a staff member randomly assigned 

participants to the Gait Observation (intervention) condition or the Landscape 

Observation (control) condition using a computer-generated block randomization 

procedure (block size of four). An independent examiner was blind to group assignment 

for the baseline walking assessment (assignment kept in a sealed envelope), but was 

unblinded for the at-home and post-training assessment.  Participants in both groups were 

naïve to the focus on improving walking.   

 

Training Conditions 

Gait Observation (Intervention). Participants viewed videos of actors with and 

without PD. Actors were filmed walking in a hallway from lateral and anterior/posterior 

views, which allowed observation from multiple perspectives to facilitate motor learning. 

Eight to ten walking trials were filmed and edited for each actor, and entered into a 

perceptual experiment using SuperLab 5.0 presentation software (Cedrus, San Pedro, 

CA). A total of 112 videos were created: 56 of PD actors with unhealthy gait patterns, 56 

of actors without PD with healthy gait patterns. Study participants judged if the walking 

in each video appeared healthy or resembled a PD-like gait pattern.  

Landscape Observation (Control). Participants viewed videos (freely available at 

www.mothernaturevideos.com) of landscapes with moving water in oceans, rivers, lakes, 
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and waterfalls. Motion was isolated to water moving with different speeds and strengths, 

with no biological motion. A total of 112 video clips (56 with water moving roughly, and 

56 with water moving calmly) were taken from several different landscapes. Participants 

judged if the water was moving “roughly” or “calmly.”  

For both conditions, participants took home a laptop computer. They judged the 

videos via keyboard press. Feedback (“correct” or “incorrect”) was presented on the 

computer screen after each trial. The same videos appeared daily, in a randomized order. 

 

Procedure 

Figure 11 provides a flowchart of the study procedures. Participants were in the 

“on” medication state for assessments and training.  

Laboratory-Based Walking Assessment. This assessment was administered at 

baseline and repeated seven days after completion of the home-based training. 

Participants wore tri-axial accelerometers (ActivInsights Ltd., Cambridgeshire, UK) on 

each ankle while walking in the laboratory.  Data were collected at a sampling frequency 

of 100 Hz (dynamic range: +/- 8g; resolution: 12 bit [3.9 mg]). Walking trials included: 

(a) Straight Line Walking (two trials each of 10m and 20m); (b) Walking with Turns (one 

trial to walk up to a cabinet [16m], two trials of walking to sit in a chair [18.8m and 

13.8m], one trial walking up to a water cooler and drinking a glass of water [13.8m]); and 

(c) Dual-Task Walking (one trial of walking while holding a mug [16m]). Straight Line 

Walking trials closely matched the videos in the Gait Observation training task.  Walking 

with Turns and Dual-Task Walking conditions were included to determine if potential 
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intervention effects would generalize to more complex walking. Participants were 

familiarized with the environment and tasks before performing the walking trials. They 

were instructed to walk at their natural, comfortable walking pace.   

Acceleration data were extracted using EMG Works software (Delsys Inc., 

Natick, MA).  Spatiotemporal gait parameters were calculated using automatic peak 

detection functions that identified maximal (heel-strike) and secondary (toe-off) peaks 

from the accelerometer (Boutaayamou et al., 2012; Heiden & Burnett, 2004; Lee et al., 

2010; Willemsen et al., 1990), using the x-axis oriented in the sagittal plane of the right 

ankle. One stride was defined as two successive heel strikes of the same foot.  Swing time 

was quantified as the time between the initial toe-off and subsequent heel-strike for each 

stride. The spatiotemporal walking variables included walking speed (distance of the 

walking trial / time to complete the trial); stride length (distance of the walking trial / 

number of strides to complete the trial); stride frequency (number of strides / time to 

complete the walking trial); and percent leg swing time (100 x [swing time / stride time] 

for each stride).  

Accelerometer data from both legs were used to determine gait asymmetry, 

following Yogev et al. (2007) For each walking trial, mean swing time was calculated for 

the left and right leg.  Gait asymmetry was calculated as the natural log (leg with longer 

swing time / leg with shorter swing time), where higher values reflect greater degrees of 

asymmetry. The mean and standard deviation (as an index of variability) of gait 

parameters were computed separately for trials of Straight Line Walking, Walking with 

Turns, and Dual-Task Walking.   
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Home Walking Assessment. Participants wore an accelerometer (sampling rate of 

75 Hz) on the right leg during waking hours throughout each day of training. To calculate 

walking parameters, we used a well-established algorithm that reliably differentiates 

walking from other activities, and identifies stride frequency (mean and standard 

deviation), number of walking periods, and duration of each walking period from an 

ankle-mounted tri-axial accelerometer (Zhang et al., 2012). The algorithm defines a 

walking period as at least three strides occurring within five seconds. 

Self-Report Questionnaires.  The 39-item Parkinson’s Disease Questionnaire 

(PDQ-39) (modified to rate quality of life over the past week) was self-administered on 

Day 1 (baseline) and on Day 8 (post-training assessment). We examined the total PDQ-

39 score and the Mobility subscale. At post-training, participants were also administered 

a 10-item questionnaire to rate feasibility and self-perceived improvement.  

 

Statistical Analyses 

Changes in walking based on Group (Gait Observation, Landscape Observation), 

Time (Baseline, Post-Training), and Walking Type (Straight Line, Walking with Turns) 

were analyzed using mixed-design ANOVA.  Primary outcome measures were walking 

speed, stride length, and stride frequency; secondary outcome measures were leg swing 

time and gait asymmetry. 95% confidence intervals are presented in square brackets. For 

simple main effects and interaction effects, we report effect size using eta-squared (η2), 

the proportion of the total variability in the data accounted for by that effect. To explore 



	
  

	
  

97 

significant interaction effects we conducted post-hoc t-tests. We report effect size using 

Cohen’s d, with the pooled standard deviation as the standardizer. 

 

Results 

Demographic Characteristics and Feasibility 

There were no group differences in demographic and clinical characteristics at 

baseline (Table 8).  Participants found study procedures highly feasible and demonstrated 

a high rate of adherence to the study protocol (Table 9). No adverse events were reported.   

 

Performance on Training Task 

We conducted linear mixed-effects modeling with Group (Gait Observation, 

Landscape Observation) and Day (1-8) as fixed effects and subjects as a random effect. 

The dependent variable was accuracy (percent correct). There were significant main 

effects of Group (F(1,44.4) = 46.65, p < .001) and Day (F(1,44.7) = 93.96, p < .001), and 

a significant Group x Day interaction (F(1,44.7) = 20.0, p < .001) (Figure 12). The 

intercept was significantly greater for Gait Observation than Landscape Observation (β = 

10.58 [7.46, 13.7], t(44) = 6.83, p < .001), indicating that baseline performance on the 

computer task was better for Gait Observation than Landscape Observation. Both groups 

showed significant improvement in training task performance across days, though the rate 

of improvement was significantly less in the Gait Observation group (.89% less gain per 

day) than in the Landscape Observation group (β = -0.89 [-1.29, -0.49], t(45) = -4.47, p < 

.001).   
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Laboratory-Based Walking Assessment 

Primary Outcome Measures. Walking data are displayed in Table 10. No main or 

interaction effects emerged for walking speed (mean and standard deviation) or mean 

stride length (all Fs(1,21) < 2.74, ps > .05). For stride length (standard deviation), only a 

significant main effect of Walking Type emerged (F(1,21) = 7.72, p < .05, η2 = .11), with 

stride length being more variable in trials of Walking With Turns than trials of Straight 

Line Walking (mean difference = .02 [.01, .03], p < .05, d = .63).   

A significant Group x Time x Walking Type interaction emerged for mean stride 

frequency (F(1,21) = 5.62, p < .05, η2 = .04); however, post-hoc t-tests showed no 

significant between-group or within-group differences (all ps > .05). For stride frequency 

(standard deviation), there was only a significant interaction between Time and Walking 

Type (F(1,21) = 7.7, p < .05, η2 = .09). Regardless of group, stride frequency (standard 

deviation) decreased from baseline to post-training assessment for Straight Line Walking 

(mean difference = .006 [.001, .01], t(22) = 2.65,p < .05, d = .42), but did not change for 

Walking With Turns (mean difference = .004 [-.002, .01], t(22) = 1.53, p > .05, d = .38). 

Secondary outcome measures. No main or interaction effects emerged for mean 

percent swing time (all Fs(1,21) < 3.41, ps > .05). For percent swing time (standard 

deviation), a significant Group x Time x Walking Type interaction emerged (F(1,21) = 

11.25, p < .05, η2 = .06). In Straight Line Walking only, there was no change from 

baseline to post-training assessment in the Gait Observation group (mean difference = .25 

[-.1, .60], t(12) = 1.56, p > .05, d = .63), while there was a trend towards decreased 
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percent swing time (standard deviation) in the Landscape Observation group (mean 

difference = .35 [-.03, .72], t(9) = 2.09, p = .07, d = .92). For gait asymmetry, the only 

significant effect was a main effect of Group (F(1,21) = 4.94, p < .05), where regardless 

of Time and Walking Type, the Gait Observation group had more gait asymmetry than 

the Landscape Observation group (mean difference = .01 [.001, .02], p < .05, d = .64).   

Dual-Task Walking. A significant main effect of Time emerged for mean walking 

speed (F(1,21) = 8.48, p < .01), which increased from baseline to post-training 

assessment (mean difference = .06 [.02,.1], p < .05, d = .38) regardless of group, 

suggesting a practice effect. Only a significant main effect of Time emerged for mean 

stride length (F(1,21) = 8.75, p < .01, η2 = .29), which increased after training (mean 

difference = .06 [.02, .1], p < .05, d = .33) regardless of group, again suggesting a 

practice effect. No main or interaction effects emerged for mean stride frequency, percent 

swing time (mean or standard deviation) or gait asymmetry all Fs < 1.7, ps > .05). 

 

At-Home Walking Assessment  

We conducted linear mixed-effects modeling with Group (Gait Observation, 

Landscape Observation), Day (1-7), and Group x Day as fixed effects, and subjects as a 

random effect. No significant main or interaction effects emerged for walking periods per 

hour, mean duration of each walking period, or stride frequency (all Fs < 3.44, ps > .05).  

 

Self-Report Questionnaires 
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There was a significant Group x Time interaction on the PDQ-39 Mobility 

subscale (F(1,21) = 9.44, p < .01, η2 = .31) (Figure 13). Post-hoc t-tests revealed that 

although there was no significant difference between Gait Observation and Landscape 

Observation at baseline (mean difference = .75 [-5.5, 6.99], t(21) = .54,p > .05, d = .11) 

or post-training (mean difference = 3.08 [-2.97, 9.12], t(21) = 1.06, p > .05, d = .45), the 

Gait Observation group had a significant decrease in score (increase in self-reported 

mobility) post-training (mean difference = -1.92 [-3.64, -.21], t(12) = -2.44, p < .05, d = -

.25). The Landscape Observation group’s score did not change post-training (mean 

difference = 1.9 [-.32, 4.12], t(9) = 1.93, p > .05, d = .31). No significant main or 

interaction effects emerged on the PDQ-39 Total score (all Fs(1,21) < 2.19, ps > .05).  

Participants in the Gait Observation group reported greater improvement in 

walking speed and stride length than the Landscape Observation group (Table 11).  The 

Gait Observation group reported strategies they learned through the training, including 

increased attention to one’s own gait, keeping one’s head up, swinging the arms, and 

visualizing gait patterns of others while walking.   

 

Discussion 

The present study investigated the efficacy of home-based gait observation 

training to enhance walking in PD. With repeated perceptual training, PD participants in 

the Gait Observation group showed an improved ability to discriminate between healthy 

and parkinsonian gait (biological motion). This improvement did not result in objective 
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changes in walking measured in the lab or home, but did result in increased self-

perceived mobility (small effect) following the training.   

There are a number of possible reasons for the lack of change in objective 

walking results.  First, individuals with PD have impaired perception of biological motion 

(Experiment 1, Chapter 2) and may require more practice than healthy adults 

(Nieuwboer, Rochester, Müncks, & Swinnen, 2009; Swinnen, Steyvers, Van Den Bergh, 

& Stelmach, 2000) to benefit from action observation training; therefore, it is possible 

that an insufficient dose of training was provided to see objective changes in gait. 

Second, our training task may not have been sufficiently challenging. Participants in the 

Gait Observation condition were 95% accurate in discriminating between healthy and PD 

gait on day 1 of training. Our training intervention used the same videos daily for one 

week. A perceptual training intervention that employs a wider range of stimuli, more than 

two response choices (i.e., a broader array of gait types to discriminate between), or an 

adaptive procedure that increases in difficulty with participant improvement, may prove 

more efficacious than our intervention.  

Third, the nature of our training task relied on implicit learning. We expected that 

participants with PD would implicitly perceive and discriminate between healthy and 

impaired aspects of gait during observational learning, resulting in the adoption of 

healthier gait patterns (Abbruzzese, Trompetto, & Marinelli, 2009; Behrman, Cauraugh, 

& Light, 2000; Gobel et al., 2013; Marinelli et al., 2009).  Observation-based training 

may require more explicit strategies, such as directing attention toward specific aspects of 

gait (e.g., stride length, gait speed), or specific parts of the body (e.g., feet) rather than 



	
  

	
  

102 

observing the whole task with a general focus. Such directed attention could elicit 

stronger activity in the mirror neuron system (premotor cortex), because premotor cortex 

activates in a somatotopic manner when observing actions (Buccino et al., 2001). 

Objective gait changes may also require directed practice of such strategies in 

combination with the training task (i.e., by drawing conscious attention to one’s own gait 

and implementing strategies repeatedly during training), similar to previous paradigms 

that have paired action observation with physical training (Buccino et al., 2011; Pelosin 

et al., 2010).  

Our results are in line with previous studies on action observation training that 

have shown self-reported improvement in motor function (Ertelt et al., 2007; Pelosin et 

al., 2010). The Gait Observation intervention led to a self-perceived increase in 

functional walking ability in natural environments (PDQ-39 Mobility subscale), despite 

the fact that participants were not told that the purpose of the training was to improve 

walking. It is possible that walking assessed with accelerometers did not capture the types 

of functional improvements represented on the PDQ-39 Mobility subscale. Self-perceived 

improvement is important for participants to remain motivated to engage in such 

interventions, and may also increase participation in walking-based activities of daily 

living.   

Our landscape observation condition was a novel addition to an action-

observation paradigm as we controlled for the effects of observing non-biological motion 

while providing challenge (<85% correct performance at baseline) and 

motivation/engagement (of ten participants, seven completed all sessions; three missed 
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only one session). We recommend such a control condition in future investigations 

because it will strengthen the claim that treatment affects are attributable to perception of 

biological motion per se. 

Despite the lack of objective change, the Gait Observation intervention holds 

promise in the rehabilitation of walking in PD, particularly given the self-reported 

increase in functional mobility. Participants found our home-based intervention to be 

highly feasible: instructions were easily understood, the equipment were used daily with 

little difficulty and only occasional missed sessions, and all who underwent the at-home 

training returned for post-training assessment. Accelerometers allowed us to assess 

walking in a naturalistic setting at home, which is important in understanding treatment 

effects in real world settings. Our data inform the design of future research investigating 

the benefits of action observation treatments to improve gait in PD. 
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Tables and Figures 

 

Table 8. Participant Characteristics. UPDRS = Unified Parkinson’s Disease Rating 
Scale; H&Y = Hoehn & Yahr stage; LED = Levodopa equivalent dosage; logMAR = 
logarithm of mean angle of resolution; MMSE = Mini-Mental State Examination; GDS = 
Geriatric Depression Scale; BAI = Beck Anxiety Inventory. Values presented are means 
(standard deviations), unless otherwise indicated.  

 

Measure 

Gait Observation 

(N = 13) 

Landscape 

Observation (N = 10) Significance 

Age (years) 63.7 (6.2) 65.8 (8.7) NS 

Education (years) 17.2 (1.4) 16.0 (2.4) NS 

Male:Female 6:7 4:6 NS 

UPDRS Motor Score 18.8 (4.9) 19.5 (8.2) NS 

H&Y Stage (median 

[range]) 2 (1.5 - 3) 2 (1 - 3) NS 

LED (mg/day) 519 (293) 447 (268) NS 

Acuity (logMAR) 0.08 (0.11) 0.06 (0.08) NS 

MMSE 28.6 (0.8) 28.5 (1.0) NS 

GDS 5.8 (4.4) 6.8 (4.1) NS 

BAI 6.4 (6.3) 3.6 (3.5) NS 
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Table 9.  Feasibility and Adherence to Study Protocol. Participants answered the 
questions by circling a number on a 0-9 visual analog scale, where 0 = very difficult and 
9 = very easy.  Values are means (standard deviations). **The remaining three 
participants in the Gait Observation group and the Landscape Observation group each 
missed one training session. ***Two participants in the Gait Observation group and one 
participant in the Landscape Observation group missed one day of wearing the 
accelerometer.  

 

 

Gait 

Observation 

Landscape 

Observation Significance 

Ability to understand study instructions* 8.5 (.52) 8.4 (.70) ns 

Ability to use computer equipment 8.3 (.86) 8.4 (.70) ns 

Ability to use/wear accelerometer while going 

about daily life 8.5 (.52) 8.6 (.97) ns 

Participants who completed all computer 

training sessions** 10/13 7/10 -- 

Participants who wore the accelerometer on all 

training days*** 11/13 9/10 -- 

Mean hours wearing accelerometer per day 12.4 (2.0) 13.7 (1.4) ns 
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Table 10. Mean (Standard Deviation) of Walking Parameters by Group (Gait 
Observation, Landscape Observation) and Time (Baseline, Follow-up).  

 

 Gait Observation Landscape Observation 

Walking Parameter Baseline Follow-up Baseline Follow-up 

Straight Line Walking Trials     

Walking Speed (m/s) 1.19 (.15) 1.19 (.15) 1.13 (.14) 1.18 (.08) 

Walking Speed Variability (SD) .07 (.04) .07 (.04) .07 (.04) .05 (.03) 

Stride Length (m) 1.34 (.18) 1.35 (.21) 1.3 (.15) 1.34 (.12) 

Stride Length Variability (SD) .06 (.04) .07 (.03) .06 (.04) .05 (.03) 

Stride Frequency (strides/s) .86 (.06) .89 (.06) .87 (.08) .89 (.06) 

Stride Frequency Variability (SD) .04 (.02) .03 (.01) .03 (.01) .03 (.01) 

Swing Time (% of stride) 46.0 (1.6) 45.6 (1.6) 44.5 (1.4) 44.8 (1.7) 

Swing Time % Variability (SD) 1.7 (.4) 1.9 (.4) 1.8 (.5) 1.5 (.2) 

Gait Asymmetry .03 (.02) .03 (.02) .02 (.01) .02 (.01) 

 

Trials of Walking With Turns     

Walking Speed (m/s) 1.18 (.15) 1.19 (.13) 1.16 (.12) 1.19 (.08) 

Walking Speed Variability (SD) .08 (.04) .06 (.03) .07 (.03) .06 (.04) 

Stride Length (m) 1.35 (.20) 1.36 (.20) 1.33 (.15) 1.35 (.11) 

Stride Length Variability (SD) .09 (.04) .07 (.03) .08 (.03) .07 (.04) 

Stride Frequency (strides/s) .88 (.06) .89 (.07) .88 (.08) .88 (.06) 

Stride Frequency Variability (SD) .02 (.01) .03 (.01) .02 (.01) .02 (.02) 

Swing Time (% of stride) 45.8 (1.5) 45.3 (1.3) 44.6 (1.5) 44.7 (1.6) 

Swing Time % Variability (SD) 2.1 (.4) 1.9 (.4) 2.0 (.5) 1.9 (.3) 

Gait Asymmetry .03 (.02) .03 (.01) .02 (.01) .03 (.01) 
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Dual Task Trial     

Walking Speed (m/s) 1.13 (.14) 1.17 (.18) 1.10 (.10) 1.17 (.15) 

Stride Length (m) 1.30 (.19) 1.34 (.23) 1.26 (.13) 1.34 (.14) 

Stride Frequency (strides/s) .88 (.07) .88 (.07) .87 (.09) .88 (.08) 

Swing Time (% of stride) 45.4 (1.8) 45.3 (1.7) 44.4 (1.4) 44.6 (1.9) 

Swing Time % Variability (SD) 2.0 (.7) 2.0 (1.0) 2.1 (.9) 1.7 (.5) 

Gait Asymmetry .03 (.02) .03 (.03) .02 (.02) .03 (.02) 
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Table 11.  Self-Reported Change in Walking.  Participants answered the questions by 
circling a number on a 0-9 visual analog scale, where 0 = “not at all” and 9 = “a lot.”  
Higher values reflect greater improvement.  Participants in the Landscape Observation 
group were not asked the last two questions.  Values are means (standard deviations). 

 

 

Gait 

Observation 

Landscape 

Observation Significance Cohen’s d 

Walking Speed 3.62 (3.04) 1.70 (1.89) p = .08 .76 

Stride Length 3.54 (2.79) 1.80 (1.93) p = .11 .73 

Arm Swing and Arm/Leg 

Coordination 3.23 (2.80) 2.20 (2.49) ns .39 

Learning differences between 

PD-like and healthy walking 5.08 (2.87) -- -- -- 

Ability to perceive differences 

in PD-like and healthy walking 6.00 (2.86) -- -- -- 
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Figure 11.  Flow diagram of study procedures. 
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Figure 12.  Performance on the at-home computer training task for the Gait 
Observation and Landscape Observation groups.  The task in the Gait Observation 
condition was to discriminate between healthy and parkinsonian gait/walking.  The task 
in the Landscape Observation group was to discriminate between water moving roughly 
and calmly.  The outcome variable is accuracy (percent correct).  Both groups improved 
significantly over subsequent days, though the rate of change (slope) was smaller in the 
Gait Observation group.  Error bars represent standard error of the mean. 
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Figure 13.  Change in self-reported mobility by Group (Gait Observation, 
Landscape Observation) and Time (Baseline, Follow-up).  The outcome variable is 
score on the 39-item Parkinson’s Disease Questionnaire, Mobility subscale.  Higher 
scores indicate worse mobility.  Error bars represent Standard Error of the Mean.  The 
Gait Observation group had significantly improved self-reported mobility (lower score) at 
Follow-up compared to Baseline, whereas there were no changes in the Landscape 
Observation group. 
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CHAPTER 5: GENERAL DISCUSSION 

 

The purpose of this series of experiments was to (1) investigate biological motion 

perception in PD, including its motor, visual, and social correlates; and (2) evaluate the 

feasibility and efficacy of an at-home perceptual training intervention that used biological 

motion to improve gait and walking in PD. 

Experiment 1 (Chapter 2) investigated whether biological motion perception was 

impaired in PD.  A deficit in PD was hypothesized given that the disease compromises 

neural functioning in two key regions that support biological motion perception: 

premotor cortex and STS (Lotze et al., 2008; Suppa et al., 2010).  The strong possibility 

existed that a deficit in biological motion perception would be driven by individuals’ own 

motor disability.  Premotor cortex is part of the motor system and the mirror neuron 

system, and allows observers to perceive biological motion by “embodying” or 

“simulating” the action (Gilaie-Dotan, Kanai, et al., 2013; Iseki et al., 2008).  The 

hypothesis was that individuals with PD would have difficulty perceiving biological 

motion outside of the PD motor repertoire because of difficulty embodying or simulating 

such motion.  Additionally, this study explored whether aspects of basic visual perception 

(contrast sensitivity, coherent [global] motion perception) contributed to biological 

motion perception in PD.   

The results of Experiment 1 showed reduced sensitivity to biological motion 

(perception of point-light walking) in those with PD compared to matched healthy control 

participants.  The magnitude of this deficit was stronger for PLW stimuli that were 
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presented in a noise mask than stimuli with no mask.  Individuals with PD also had 

difficulty perceiving object motion, though the magnitude of this impairment was less 

than for biological motion.  Coherent motion perception was intact.  PD had reduced 

sensitivity to biological motion regardless of the gait and speed of the PLW stimulus, 

contrary to the hypothesis that impairment would be specific to walking patterns outside 

the PD motor repertoire.  Biological motion perception in PD was not related to 

individuals’ walking speed, stride length, stride frequency, contrast sensitivity, or 

coherent motion perception.   

Experiment 2 (Chapter 3) extended the findings of Experiment 1 to socially 

complex biological motion.  Biological motion is an important nonverbal cue for 

communicating actions, intentions, and emotions (Atkinson et al., 2004; Clarke et al., 

2005; Dittrich, 1993).  Being able to accurately perceive communicative gestures (e.g., 

waving one’s hand to say hello; shaking one’s fist to admonish someone in anger) is 

relevant for successful interpersonal communication.  Similarly, perception of a potential 

communication partner’s non-communicative (object-oriented) actions and gestures (e.g., 

hammering a nail, brushing teeth) is also important in a social context.  PD is associated 

with deficient social cognition and communication, ranging from difficulty recognizing 

facial and vocal emotions to difficulty inferring the intentions of others (Bodden, Dodel, 

et al., 2010; Buxton et al., 2013).  Experiment 2 investigated whether social cognitive 

changes in PD extended to difficulty in perceiving biological motion gestures, and 

whether a potential deficit was associated with daily social functioning.  A potential 
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moderating effect of gender was also explored given documented gender differences in 

social cognition in PD (Clark et al., 2008). 

The findings of Experiment 2 showed that individuals with PD have difficulty 

perceiving point-light gestures, specifically non-communicative gestures.  This effect was 

driven by men with PD, who had difficulty perceiving both communicative and non-

communicative gestures, while performance by women with PD did not differ from that 

of either men or women control participants.  Perception of communicative and non-

communicative gestures largely did not correlate with real-world social difficulties in PD.   

Experiment 3 (Chapter 4) evaluated the feasibility and efficacy of a perceptual 

training intervention for improving walking in PD.  The motor system and mirror neuron 

system (premotor cortex, inferior frontal gyrus, inferior parietal lobule) are active when 

perceiving and producing actions.  This perception-action coupling has led researchers to 

develop “action observation” training, which has demonstrated efficacy in improving 

motor function in healthy aging and PD (Pelosin et al., 2010; Tia et al., 2010).  To date, 

no study had looked at using observation-based training to specifically improve walking 

in PD or any other movement disorder.  Additionally, previous studies had neglected to 

measure motor function objectively (including in naturalistic environments such as at 

home), which has important ramifications for the generalizability of such an intervention. 

All participants found the training to be highly feasible (i.e., few missed days, all 

returned for follow-up).  At the conclusion of training, both the Gait Observation and 

Landscape Observation groups showed significant improvement in the perceptual 

training tasks.  Only those in the Gait Observation condition self-reported improved 
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mobility, walking speed, and stride length.  There was no change in objective aspects of 

walking such as daily activity level, walking speed, stride length, stride frequency, leg 

swing time, and gait asymmetry. 

 

Implications of Impaired Biological Motion Perception in PD 

 Scientific and clinical knowledge of PD and its symptoms, progression, and 

consequences has grown tremendously in recent years.  There has been increasing 

recognition that the non-motor symptoms of PD place a significant burden on patient 

outcomes and quality of life (Martinez-Martin et al., 2011).  In particular, deficits in 

visual perception pose serious barriers to healthy daily functioning for those who suffer 

from the disease.  The functional consequences of altered visual perception include 

difficulties with spatial navigation, bumping into doorways, difficulty reading, problems 

in estimating spatial relations, and an impaired ability to effectively engage in visually-

based activities of daily living (Davidsdottir et al., 2005; Seichepine et al., 2011; Young 

et al., 2010).   

Biological motion perception is one aspect of visual perception that plays an 

integral role in daily functioning, specifically in social cognition and interpersonal 

function.  Being able to accurately perceive the motion of human bodies is critical for 

decoding others’ actions, emotions, identity, and personality traits (Clarke et al., 2005; 

Dittrich, 1993; Heberlein et al., 2004; Richardson & Johnston, 2005).  The results of 

Experiment 1 showed that individuals with PD had difficulty perceiving biological 

motion (point-light walking).  Furthermore, individuals with PD had particular difficulty 
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when having to perceive biological motion in noisy conditions in which the local motion 

signals of individual point-lights were obscured and the task required integration and 

extraction of spatio-temporal form and motion information to make an accurate 

judgment.  Such “noisy” visual conditions are analogous to the type of biological motion 

perception that would be required in real-world environments.  Previously documented 

difficulties in social perception and social cognition in the visual modality in PD have 

employed tasks that used static stimuli (e.g., stereotyped emotional facial expressions; 

Saenz et al., 2013), or dynamic stimuli that combined morphological and motion cues 

(e.g., full-light videos of actors portraying gestures; Lotze et al., 2008).  The use of point-

light stimuli in the present study demonstrates for the first time that individuals with PD 

have difficulty in perceiving the dynamic motion of human figures.  As such, part of the 

difficulties individuals with PD have in social functioning may be due to the inaccurate 

detection of others’ movements, particularly in noisy and complex visual and social 

environments.  

Experiment 2 showed that the biological motion deficit extends to the perception 

of actions beyond simple walking:  the PD group had difficulty inferring the meaning of 

and describing object-oriented point-light gestures (e.g., hammering, sweeping).  Such a 

deficit could have negative functional consequences for individuals with PD who need to 

accurately identify the actions that others are engaged in, which is relevant, for example, 

in initiating conversation or navigating crowded environments.  The difficulty with 

perceiving socially complex gestures from biological motion was specific to men with 

PD.  Relative to women with PD (and men and women healthy control participants), men 
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with PD had a deficit in distinguishing between communicative (social/interpersonal) and 

non-communicative (object-oriented) gestures as well as identifying, describing, and 

inferring the meaning of both of these gesture types.   

Gender differences in the clinical and cognitive symptoms of PD was been 

reported (reviewed in I. N. Miller & Cronin-Golomb, 2010).   Compared to women, men 

have an earlier age at time of diagnosis, as well as lower striatal binding of dopamine at 

onset and throughout the disease (Haaxma et al., 2007).  Men with PD also have greater 

motor disability and report increased caregiver reliance, lower participation in activities 

of daily living, and greater difficulty in cognition and social communication (Lubomski 

et al., 2014).  Previous research on facial emotion recognition has also shown men with 

PD to be more impaired than women with PD (Clark et al., 2008; Clark, Neargarder, & 

Cronin-Golomb, 2010).  The evidence that men with PD have greater difficulty than 

women in social communication is in line with the findings of Experiment 2, which 

extend knowledge on gender differences to the perception of dynamic, social 

information.  Here, the effect of gender may arise because men with PD have more 

advanced deterioration in the neural regions that support the perception of actions and 

gestures from biological motion, or because of underlying gender differences in visual 

perception and social cognition that are exacerbated by the neurodegeneration of PD.    

Though this moderating effect of gender requires replication in a larger sample, it 

highlights the importance of considering disease subgroups when investigating 

perceptual, cognitive, and social deficits.  PD is a remarkably complex and heterogeneous 

disease (Klein & Schlossmacher, 2007), and different constellations of visuo-perceptual, 



	
  

	
  

118 

visuospatial, and social cognitive symptoms are apparent when considering subgroups by 

side of motor symptom onset (left vs. right), dominant motor symptom (tremor vs. non-

tremor), and gender (Cronin-Golomb, 2010; Lewis et al., 2005).  It is therefore critical for 

researchers and clinicians to consider patient subgroups when investigating visual 

perception and social cognition. 

Considering the results of Experiment 1 and 2 together suggests the following: (a) 

when biological motion perception is conveyed by point-light walking, individuals with 

PD have difficulty in accurate perception, particularly in noisy conditions; and (b) when 

biological motion is socially complex, and requires decoding and understanding of 

socially relevant (both communicative and non-communicative) information, men with 

PD are specifically impaired. 

 

Consequences for Daily Social Functioning 

Biological motion perception is associated with social functioning and theory of 

mind in healthy adults (L. E. Miller & Saygin, 2013) and clinical populations 

characterized by social deficits such as schizophrenia (Kim et al., 2005).  To begin to 

understand the possible social and functional ramifications of altered biological motion 

perception in PD, Experiment 2 investigated the association between perception of 

communicative and non-communicative gestures and everyday social functioning and 

quality of life (as measured by the SASS [total score and score on individual items] and 

PDQ-39 [total score and score on the Communication subscale]).  Individuals with PD 

had intact social functioning and aside from two isolated correlations, biological motion 
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perception was not associated with social functioning.   That a significant relationship 

was not evident may be due to several reasons.  The PD sample had relatively high 

functioning and was in the early (mild to moderate) stages of the disease.  Individuals 

with PD in this study often came to the appointment with their spouses, and reported a 

high level of social support and involvement in the community, which was corroborated 

by the lack of a PD deficit measured by the SASS.  A high level of social engagement, 

possibly motivated by supportive caregivers and a healthy social network, may act as a 

buffer against functional consequences of altered biological motion perception.  

Alternatively, the deficit in biological motion perception may be predictive of future 

social difficulties, though it was not possible to test this hypothesis given the cross-

sectional methodology of these experiments.   

An association may also not have been captured due to the assessment methods of 

Experiment 2.   The SASS and PDQ-39 encompass broad social constructs that likely 

depend on a multitude of variables including but not limited to the ability to accurately 

decode and understand others’ gestures, motivation, caregiver support, interpersonal 

communication skills, and personality style.  Assessment instruments that more closely 

assess the real-world impact of gesture perception (e.g., theory of mind measures that 

specifically assess the ability to read others’ nonverbal cues) may be more sensitive to 

detecting functional consequences of altered biological motion perception.  Future 

research should aim to clarify the role of impaired biological motion perception for daily 

functioning by employing a more sensitive and comprehensive assessment of social 

functioning.  Previous research has also implicated speech difficulties and emotion 
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recognition changes as being associated with interpersonal difficulties in PD (Clark et al., 

2008; N. Miller et al., 2006).  The relative role of biological motion perception compared 

to speech and emotion recognition in social functioning is an open and important 

question for future investigations. 

 

Motor and Visual Correlates of Biological Motion Perception in PD 

Another goal of the biological motion experiments conducted here was to 

examine the motor and visual correlates of dysfunction.  Such an analysis provided a 

window into possible underlying behavioral and neural mechanisms of impaired 

biological motion perception.   

Previous research suggested that motor dysfunction could be an underlying cause 

of the deficit in biological motion perception.  Healthy adults are more accurate in 

perceiving human motion that is in their own motor repertoire than motion that is not.  

For example, healthy observers are better at perceiving their own motor movements 

compared to the motor movements of friends, even though they have more visual 

experience observing their friends (Calvo-Merino et al., 2006).  Moreover, there is 

greater activity in neural regions that support biological motion perception such as 

premotor cortex when expert dancers view biological motion (dancing) that they are 

trained to perform, compared to when they view dancing that they do not have experience 

with (Calvo-Merino et al., 2005).  Based on such findings, researchers have advanced 

theories of perception-action coupling and “embodied perception,” which suggest that 

humans perceive and understand the actions of others by activating their own motor 
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system and simulating or “embodying” those actions.  An extension of this theory is that 

motor disorders should result in impaired biological motion perception only for those 

actions that are no longer in the observers’ motor repertoire (i.e., that are affected by the 

disorder), because these actions would then be difficult to simulate or embody.  In 

support of this idea, patients with hemiplegia show loss of perception of upper limb 

motor movements specifically when the perceived movement appears to come from their 

hemiplegic limb (Serino et al., 2009). 

In Experiment 1, PLW stimuli included human figures walking with healthy and 

parkinsonian gait, and at three different speeds.  The hypothesis was that individuals with 

PD would be specifically impaired in perceiving PLW stimuli with healthy gait and 

walking at fast speeds, which would presumably be outside the PD motor repertoire.  

Contrary to this prediction, the PD group had reduced sensitivity to PLWs regardless of 

stimulus gait or stimulus speed.  This finding suggests that, at least when perceiving 

walking, individuals with PD have a generalized deficit in biological motion perception, 

irrespective of the motor movements conveyed by the PLW stimuli.  Despite having 

significantly slower walking speed and shorter stride length than the NC group, the PD 

groups’ own gait characteristics (walking speed, stride length, stride frequency) did not 

predict performance on the biological motion task.   

These findings were surprising given evidence for perception-action coupling 

described above.  Previous studies in PD have examined the influence of perception on 

motor function and found that individuals with PD have difficulty using perceived actions 

to facilitate their own motor movements (“visuo-motor priming”), particularly if the 



	
  

	
  

122 

perceived actions are outside the PD motor repertoire (Castiello et al., 2009; Poliakoff et 

al., 2007; Tremblay et al., 2008).  Here, we examined the influence of motor function on 

perception, and did not find a significant association.  That is, individuals with PD had a 

generalized reduction in sensitivity to point-light walking regardless of PLW gait and 

speed, and the extent of individuals’ walking impairment did not correlate with the extent 

of impairment on the biological motion task.   

The findings do not necessarily rule out a role for the motor system and embodied 

perception in biological motion perception in PD, but do suggest that at early stages of 

the disease, the biological motion perception deficit occurs regardless of motor severity 

and may be more strongly associated with an inability to perceptually integrate form and 

motion cues due to compromised integrity of STS, rather than difficulty simulating 

actions outside the PD motor repertoire via the premotor cortex.  Advanced stages of PD 

are associated with greater cortical thinning in premotor cortex and lateral temporal and 

occipital cortex (Zarei et al., 2013), raising the possibility that impaired perceptual 

integration of form and motion as well as difficulty in embodied perception may both 

contribute to continued deterioration in biological motion perception.  Connectivity 

between premotor cortex and other neural regions (e.g., motor cortex, prefrontal cortex), 

is restored with dopamine therapy (Herz et al., 2014; Suppa et al., 2010). It is possible 

that at later stages in the disease when individuals with PD become less responsive to 

levodopa and motor complications develop (Coelho & Ferreira, 2012), deterioration of 

premotor cortex connectivity may lead to an additional impairment in perceiving 

biological motion outside the PD motor repertoire.   
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The lack of the hypothesized association between walking perception and walking 

production may also reflect parameters of the biological motion task used in Experiment 

1.  Participants viewed each stimulus for a relatively lengthy 5 seconds, and only 13 mask 

dots were used (50:50 signal:noise ratio).  Psychophysical studies of biological motion 

often use more rapid stimulus presentation and lower signal:noise ratios (e.g., Hiris, 

Humphrey, & Stout, 2005; Hiris, 2007), and the possibility exists that a more challenging 

task with such parameters could have been more sensitive to detecting differences in 

perceptual sensitivity based on PLW gait and speed.  Arguing against this possibility, 

however, is that the PD group had deficits in Experiment 1 even when the signal:noise 

ratio was high (100:0 and 50:50 in the no-mask and mask conditions, respectively).  

The perception-action association was not tested in Experiment 2, because the 

motion of the point-light gestures was predominantly conveyed by the upper limbs (arms, 

hands, and fingers) and collection of objective motor data from the upper limbs in our PD 

sample was outside the scope of the study.  It is therefore an open question as to whether 

upper limb motor difficulties contribute to difficulty in perceiving actions and gestures 

(e.g., difficulty with buttoning a shirt contributes to difficulty perceiving a buttoning 

action from biological motion), particularly in men with PD. 

Experiment 1 also examined the possible contribution of contrast sensitivity and 

basic coherent (global) motion perception to biological motion perception in PD.  Neither 

was related to biological motion perception, indicating that the deficit was not because 

individuals with PD had difficulty perceiving the contrast of the white dots on the black 

background, or in basic motion perception that could “feed forward” to affect biological 
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motion perception.  Individuals with PD did have reduced sensitivity to object motion, 

although the extent of the impairment was less than for biological motion.  Studies have 

reported that PD is associated with deficits in the perception of motion-defined forms 

(Castelo-Branco et al., 2009; Ezzati et al., 2010).  The results of Experiment 1 

corroborate the findings of these studies and extend them to biological motion, adding 

further evidence that PD compromises the ability to integrate form and motion cues.   

 

Gait Observation Training as a Rehabilitation Approach in PD 

The association between action perception and action execution has led 

researchers to develop “action observation” training for the rehabilitation of motor 

deficits.  In the first study that used this approach, individuals recovering from stroke 

observed videos of hand and arm actions and showed greater improvement in upper limb 

function following training compared to a control group that watched videos of geometric 

symbols (Ertelt et al., 2007).  The improvement was associated with functional changes 

in regions of the mirror neuron system that are critical for perception-action coupling.  

Action observation training has since been shown to improve motor function in cerebral 

palsy (Buccino et al., 2012), and walking speed and stride frequency in healthy older 

adults (Tia et al., 2010). 

Action observation training has been applied to PD.  One study found reduced 

bradykinesia and increased spontaneous movements in the hands following the 

observation of repetitive finger movements (Pelosin et al., 2013).  Additional studies 

have demonstrated decreased self-reported freezing of gait following the observation of 
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humans engaging in actions and strategies to overcome freezing of gait (Pelosin et al., 

2010), as well as greater functional independence following observation of hand actions 

of functional tasks (Buccino et al., 2011).  Experiment 3 (Chapter 4) aimed to fill gaps in 

this literature.  This was the first study to specifically address walking in PD using 

observation-based training.  It was the first study in any clinical population to use an at-

home training intervention and to objectively assess changes in motor function at home, 

in a naturalistic environment.  Action observation training has often been used in 

combination with physical therapy or explicit practice of the observed action (Buccino et 

al., 2011; Pelosin et al., 2010), rendering it difficult to ascertain whether perceptual 

observation itself is associated with change; our study examined the effect of 

observation-based training alone.  Finally, this study used a stringent control condition of 

perceiving non-human motion in a naturalistic scene (natural landscapes with moving 

water), which more strongly isolated any changes to observation of human motion 

specifically.  

The Gait Observation intervention led to increased self-reported functional 

mobility, stride length, and walking speed.  Though the standardized size of these effects 

was modest (small to medium effect sizes), the results point towards a beneficial effect of 

training on walking.  That is, PD individuals in the intervention group became better over 

time in perceptually discriminating between healthy and parkinsonian gait, and at follow-

up reported improved self-reported mobility compared to PD individuals in the control 

group.  The use of a control condition matched for non-human motion suggests that 

observation of human motion was the driver of this change.   
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When asked about specific strategies they may have picked up on, participants 

reported that the training made them more aware of gait changes in PD and more 

attentive to their own gait.  Participants also reported trying to increase their arm swing, 

keep their head upright while walking, and imagining healthy gait in preparation for 

walking.  These changes occurred despite the fact that participants were not told the 

purpose of the study prior to or during the training period.   The results corroborate a 

previous study that found that observing videos depicting strategies to circumvent 

freezing episodes led to a reduction in self-reported freezing of gait in PD (Pelosin et al., 

2010).  That participants in the Gait Observation condition endorsed change is important 

because it suggests that these individuals have increased self-efficacy and self-confidence 

in their ability to modulate their walking, which could lead to greater motivation to 

participate in walking-based activities of daily living. 

Contrary to the initial hypothesis, no objective changes in walking were observed 

in the Gait Observation group, measured at home and at follow-up using accelerometers.  

That individuals in the intervention group endorsed self-reported changes but did not 

display objective changes in walking was surprising, and may reflect the structure of the 

training task, the videos used in the training task, and/or the method of walking 

assessment.  The length of the training task was only eight days, and a greater duration of 

training may be required to effect objective changes, given that individuals with PD 

require greater practice than healthy adults to reach the same level of motor learning 

(Swinnen et al., 2000).  The training task relied more strongly on implicit than explicit 

motor learning in that participants were not explicitly told to focus on and improve their 
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walking.  Consolidation and retention of implicitly learned motor skills is impaired in 

early PD (Abbruzzese et al., 2009; Marinelli et al., 2009).  It is possible that explicit 

attention to gait differences between healthy and parkinsonian walking combined with 

explicit practice of learned skills, in addition to implicit observation and learning as in 

this study, is required for objective change in walking.  For example, it may be beneficial 

to direct attention to specific aspects of walking such as asking the observer to “focus on 

the stride length and decide if it’s healthy or parkinsonian.” Explicit practice could 

incorporate directions such as “practice walking (swinging your arms, stepping) like the 

healthy individuals you saw in the video.” 

The training task incorporated the same videos daily, and it may be that a greater 

diversity of videos and an adaptive approach that increased in difficulty over the course 

of training would have stimulated greater behavioral change.  Additionally, the home-

based and laboratory-based gait assessment may not have been sensitive enough to 

capture the improved functional mobility that participants endorsed on the PDQ-39.  That 

is, measuring walking at home may have been too broad a target with too much 

variability in types of walking that participants engaged in, whereas the laboratory-based 

walking assessment (straight-line walking, walking with turns, and dual-task walking) 

may have been too constrained to capture self-reported changes endorsed in the PDQ-39.  

Moreover, participants may not have had an opportunity to generate objective changes in 

walking.  That is, those who self-reported greater mobility may not have had enough 

opportunity to demonstrate this mobility or to practice learned strategies, due to severe 

winter weather that kept them from venturing outside or due to the short one-week 
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duration of the study.  It is also possible that participants may have felt self-conscious in 

walking with the accelerometer.  Arguing against this, however, is that the mean number 

of walking periods per hour ranged from 20-30 per day in both groups, and participants 

verbally reported wearing the accelerometer even during strenuous activities such as 

exercise, yoga, and hiking.  Finally, the small sample size may have rendered it too 

difficult to objectively capture gait changes beyond individual subject variability and test-

retest variability. 

Experiment 3 is unique in demonstrating for the first time that observation alone 

is associated with self-reported change in mobility, unlike previous studies that have 

combined observation with practice of the perceived actions (Buccino et al., 2011; 

Pelosin et al., 2010). The present study was also the first to examine whether objective 

motor improvements generalize to naturalistic settings.  The results did not demonstrate 

changes in daily activity or walking assessed continuously at home, suggesting that future 

research should examine the use of longer training durations and explicit learning 

strategies.  

The optimal combination of total training length and individual session length is 

also an open question for future investigations.  Experiment 3 used eight sessions of 30 

minutes each, while Pelosin et al. (2010) used 12 sessions of 48 minutes each; both 

studies showed self-reported improvements but no change in objectively measured motor 

function.  By contrast, Pelosin et al. (2013) showed objective changes in upper limb 

function (reduced bradykinesia and improved spontaneous movement in the hand) after 

just one session of six minutes that persisted at follow-up after two days.  The differences 
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between studies may be because walking (Experiment 3) and freezing of gait (Pelosin et 

al., 2010) are more complex coordinated motor movements that require a longer duration 

of training than simple hand/finger movements (Pelosin et al., 2013).  Whether or not 

explicit practice of the observed action is necessary for change, and whether observation-

based training is more optimal when paired with concurrent physical therapy (as in 

Pelosin et al., [2010] and Buccino et al., [2011]) are also important questions for future 

research.  These questions should be addressed in a large sample of PD individuals to 

account for the variability in motor symptoms and aspects of walking that are impaired 

(Klein & Schlossmacher, 2007). 

 

Implications for Future Research in the Neurorehabilitation of PD 

Experiment 3 examined the feasibility of the at-home gait observation 

intervention.  Participants found the procedure to be highly feasible, acceptable, and 

engaging.  96% of participants who completed the baseline assessment and were eligible 

for the at-home portion, elected to participate.  The majority of participants (77% in the 

Gait Observation group; 70% in the Landscape Observation group) completed the 

training task daily and wore the accelerometer daily, while the rest of participants only 

missed at most one day of training and/or one day of wearing the accelerometer.  

Participants reported that the study instructions were easy to understand, the computer 

equipment was easy to use, and the accelerometer was easy to operate and wear.   

These findings bode well for future research examining home-based interventions 

that employ technological innovations such as mobile health, accelerometers, and 
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computer-based assessments and intervention, which are all becoming increasingly 

common in neurorehabilitation (Amick, Miller, Neargarder, & Cronin-Golomb, 2012; 

Dobkin & Dorsch, 2011; Kueider, Parisi, Gross, & Rebok, 2012).  The strength of these 

approaches is that they greatly expand the generalizability and ecological validity of 

interventions that previously were restricted to laboratory settings; increase dissemination 

by reaching individuals who do not live in close proximity to a research lab; increase 

participation by individuals with more severe mobility impairments who have difficulty 

getting to a research lab; and have the potential to provide real-time assessment and 

feedback.  Regarding this latter point, future implementation of gait observation training 

could allow tracking of PD participants’ progress in real-time and adaptation of the 

procedure in response to a specific individual’s progress. 

PD is a heterogeneous disease with symptom profiles that vary widely across 

individuals and disease subgroups.  A challenge for future research in neurorehabilitation 

is to make treatment idiographic and tailored to the individual.  As an example, clinical 

assessment of an individual PD patient could incorporate a functional assessment to 

identify deficits in walking that persist despite pharmacologic treatment, as well as 

comprehensive neuropsychological testing that delineates strengths and weaknesses in 

the domains of attention, and explicit and implicit learning and memory.  A clinician 

could then specifically target residual walking deficits by using videos that allow 

perceptual discrimination of the impaired gait characteristic (e.g., observation of short vs. 

long stride length for an individual who has difficulty taking large steps).  The method of 

gait observation training (i.e., implicit learning vs. explicit learning of strategies) could be 
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optimized depending on the individual’s neuropsychological profile in regards to learning 

and memory. 

 

Conclusion 

Taken together, the results of these three experiments demonstrate the following: 

(1) individuals with PD have difficulty perceiving biological motion (walking), which 

does not appear to be tied to participants’ own walking dysfunction or basic visual 

perception; (2) individuals with PD, specifically men, have difficulty perceiving 

biological motion gestures that convey communicative and non-communicative 

information; (3) eight sessions of perceptual training (discrimination of healthy and 

parkinsonian gait) lead to improved self-reported mobility, stride length, and walking 

speed, but not to objective changes in walking.  The findings advance knowledge on 

social cognitive changes in PD and non-pharmacologic interventions for the walking-

related motor symptoms of the disease, and generate new questions for researchers and 

clinicians to answer in future research. 
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