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ABSTRACT 

THE INFLUENCE OF COGNITIVE LOADING ON UNPLANNED TURNING 

AMONG PEOPLE WITH PARKINSON’S DISEASE 

Caitlin Ann Bryson, PT, PhD, DPT, SCS 

George Mason University, 2020 

Dissertation Director: Dr. Clinton Wutzke 

 

Purpose: People with Parkinson’s disease (PD) demonstrate impairments within both the 

motor and cognitive domains. Within the motor domain, people with PD present with 

poor motor control strategies during unplanned turns. Turning, which requires a greater 

need for attentional resources than forward walking, makes up almost half of all steps 

taken during the day. Many of these turns are unplanned due to the need to avoid 

obstacles within an active environment. Unplanned turning, which results in decreased 

turn distance and increased turn duration among people with PD, can be made even more 

complex when attention must be shared between two tasks, such as when a person is 

walking and talking. The effects of cognitive loading on unplanned turning, however, has 

not yet been investigated. Additionally, within the cognitive domain, people with PD 

demonstrate poor cognitive flexibility, an important aspect of executive function which 

allows individuals to flexibly switch between tasks. Recent evidence suggests that 

cognitive flexibility is important to succeed in challenging walking conditions. However, 
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cognitive flexibility has not yet been studied in relation to unplanned turning. The 

importance of studying motor control strategies and their relationship to cognitive 

flexibility among people with PD during complex environmental conditions is crucial for 

the rehabilitation field in order to further characterize the implications that complex 

environments have on people with PD. Thus, the purpose of this study was to determine 

the influence of cognitive demands on unplanned turning among people with PD. Two 

hypotheses were used: (1) Individuals with Parkinson’s disease will demonstrate 

decreased turn distance or increased turn time during unplanned turning with cognitive 

loading in comparison to unloaded walking trials; and (2) cognitive flexibility would be 

positively associated with turn distance and negatively associated with turn duration 

during dual-task trials. Methods: Twenty individuals with PD consented and completed 

the examination (age: 70.15±6.81; gender: 15M/5F). Participants completed a total of 

sixty trials of walking consisting of a randomized combination of both unplanned turns 

and forward walking. The sixty trials were broken into two blocks of thirty trials. Within 

each block, sixteen walking trials consisted of unplanned turns while the remaining 

fourteen consisted of forward walks. Participants were not informed of the order of 

unplanned trials. The second block additionally consisted of cognitive loading in which 

individuals performed a secondary task (serial subtraction by 3’s). Participants also 

completed the trail-making test (TMT). Within the TMT, TMT: part B (TMT-B) was 

used to assess cognitive flexibility. Results: Participants demonstrated decreased turn 

distance and increased turn time during dual-task trials compared to single-task 

(p=0.0016, p=0.0292, respectively). There was no association found between dual-task 
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distance nor duration with TMT-B results among the majority of individuals. 3 

individuals performed excessively slower on the test, suggesting poorer cognitive 

flexibility. This subgroup of individuals presented with a strong, nonsignificant, negative 

correlation between TMT-B and dual-task duration (r=-0.9752; p=0.1421), while a strong 

negative correlation was found to be significantly related to dual-task distance (r=-

0.9993; p=0.0233). Conclusion: People with PD demonstrated different motor control 

strategies when completing unplanned turns while cognitively loaded. Differences in 

strategies may be employed to compensate for motor control and attentional impairments. 

Additionally, cognitive flexibility may only be associated with turn distance and turn 

duration among individuals with poorer flexibility.  Further research is necessary to 

identify strategies and associations during complex walking conditions. 
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THE INFLUENCE OF COGNITIVE LOADING ON UNPLANNED TURNING 

AMONG PEOPLE WITH PARKINSON’S DISEASE 

Introduction 

Parkinson’s disease (PD) is a neurodegenerative disease that affects more than 10 million 

people worldwide with an estimated 60,000 new cases per year in the United States alone 

(Parkinson’s Foundation, 2017). The loss of dopamine producing neurons in the 

substantia nigra commonly results in both motor and cognitive impairments (Laurie 

Lundy-Ekman, 2007). Primary motor symptoms of PD include bradykinesia, postural 

instability, and rigidity (Laurie Lundy-Ekman, 2007). Additionally, 56% of individuals 

with PD report symptoms of difficulty turning or changing directions (E. L. Stack et al., 

2006). 

Unplanned turning has been investigated in this population to simulate navigation in the 

natural environment. Recent findings suggest that people with PD present with increased 

turn duration, decreased turn distance, as well as poorer mediolateral stability when 

performing an unplanned turn (Conradsson D et al., 2018; Conradsson et al., 2017; Knobl 

et al., 2012). A decrease in turn distance may be suggestive of smaller steps due to a 

decrease in dynamic stability. Although these findings provide insight regarding our 

understanding of an individual with PD’s ability to navigate challenging environments, 

the addition of cognitive overload is more representative of ambulating in the 

community.  
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It is well documented that people with PD demonstrate impairments when performing 

more than one task simultaneously. However, it is not understood how cognitive loading 

affects unplanned turning performance. Additionally, the association between cognitive 

flexibility (the ability to efficiently switch between tasks) (Armbruster et al., 2012; Scott, 

W. A., 1962) and unplanned, cognitively loaded turning remains unknown. Interestingly, 

cognitive flexibility has been associated with dual-tasking during walking while 

simultaneously avoiding obstacles among young, healthy adults (Chopra et al., 2018).  

Interestingly, while people with PD present with poorer cognitive flexibility than healthy 

older adults (Olchik, M.R. et al., 2017), they also utilize cognitive flexibility more during 

walking transitions, such as turns, compared with their healthy counterparts (Van Uem et 

al., 2016).  

To maintain mobility within the community, individuals with PD must be able to safely 

and effectively negotiate unplanned changes in their environment while simultaneously 

performing cognitive tasks. Investigation of the relationship between motor organization 

and motor-cognitive tasks within a complex environment serves to improve our 

understanding of the consequences of a dual-task on movement in people with 

Parkinson’s disease. Therefore, the purpose of this study was to determine the influence 

of cognitive demands on unplanned turning among people with PD. It was hypothesized 

that individuals with PD would demonstrate (a) decreased turn distance or (b) increased 

turn duration during unplanned turning while cognitively loaded. It was also 

hypothesized that cognitive flexibility would be positively associated with turn distance 

and negatively associated with turn duration during dual-task trials. 
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Methods 

Subjects 

This study was approved by the George Mason University Institutional Review Board 

(#1363684). Twenty participants completed this study after being recruited from a 

database of individuals as well as local Parkinson’s community groups in the metro 

Washington, DC area. Prior to data collection, participants provided verbal and written 

consent.  

Inclusion criteria for this study included a diagnosis of PD in individuals at least 60 years 

of age as well as being capable of ambulating at least 10 meters with or without the use of 

a cane. To be included in this study, individuals also had to be between 1 to 4 on the 

Hoehn and Yahr (H&Y) scale (Hoehn & Yahr, Melvin D, 1967) and with a  Mini-Mental 

State score of at least 24 (Lezak MD, Howison DB, & Loring DW, 2004). Participants 

were excluded if they had a diagnosis of a neurological disease or disorder other than PD, 

an uncontrolled cardiovascular condition, or a recent surgery or medical condition that 

could influence walking performance. Additional exclusion criteria included inability to 

read or understand English, legal blindness, the use of an assistive device which provided 

greater support than a cane, and/or being rated greater than 4 on the Hoehn and Yahr 

scale to exclude those who are confined to a bed or are primarily wheelchair users 

(Hoehn & Yahr, Melvin D, 1967). 

Procedures and Setup 

Data collection was completed in a single testing session with participants on medication. 

After health history and demographic information were collected (blood pressure, heart 
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rate, height, and mass), participants stood two meters from a 6-meter long pressure-

sensitive ZenoTM Walkway (Protokinetics, Havertown, PA) and were instructed to 

ambulate forward across the walkway, stopping at a marked location two meters beyond 

the edge of the walkway (a total of 10 meters). A green light located 12 meters from the 

starting position was randomly activated manually to indicate when a turn was to be 

initiated. If the light was illuminated following gait initiation, participants were instructed 

to turn around immediately and walk back to the start position. A total of 30 walking 

trials were completed in this fashion. Of these, 16 trials consisted of light activation. Of 

the 16 trials, the light was illuminated within a 3.5-5 meter zone from the start position in 

8 trials, while the light was activated within a zone 5.0-7.5 meters from the start position 

in the remaining 8 trials. The light was not activated in the remaining 14 forward walking 

trials. To remain consistent between individuals, activation of the light occurred during 

left push off within the designated location which was observed visually by the 

investigator. Trials were randomized for each participant. Participants then completed an 

additional 30 walking trials of the previously described trials with the addition of 

cognitive loading, for a total of 60 trials overall. During cognitively loaded trials, 

participants were asked to perform serial subtraction by 3’s with 1 of 4 randomized 

numbers during each trial. The order between single and dual-task trials were randomized 

for each participant. 

Participants also completed cognitive and clinical assessments. Specifically, cognitive 

flexibility was assessed via the trail-making test: part B (TMT-B) (Army Individual Test 

Battery, 1944). TMT-B is a commonly used and recommended test for cognitive 
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flexibility in people with PD and has been found to be sufficiently sensitive to mild 

cognitive impairments within the population (Biundo et al., 2013; Faria et al., 2015; 

Goldman et al., 2015; Lezak MD et al., 2004).  The TMT-B is a written, timed test in 

which an individual is instructed to draw lines from a letter to number, alternating in 

consecutive order between 13 letters and 12 numbers (i.e. 1-A-2-B, etc.) (Army 

Individual Test Battery, 1944). The score is the time (s) utilized to complete the test 

(Army Individual Test Battery, 1944).  The Montreal Cognitive Assessment (MOCA) 

was given to assess global cognition. The MOCA is a broader instrument than the TMT-

B, investigating an individual within multiple domains: executive function, naming, 

memory, attention, abstraction and orientation (Nasreddine et al., 2005). The test has 

been validated numerous times as a means to investigate mild cognitive impairment 

among people with PD, and, because of its global nature, is highly recommended by the 

Movement Disorders Society Task Force as a tool for an abbreviated diagnosis of mild 

cognitive impairment within the population (Litvan et al., 2012). The Freezing of Gait 

Questionnaire (FOGQ), a six item questionnaire designed for people with PD, was used 

among the participants to determine which individuals experienced freezing (N. Giladi et 

al., 2000). Specifically, question 3 on the FOGQ, which asks “Do you feel that your feet 

get glued to the floor while walking, making a turn or when trying to initiate walking 

(freezing)?” with options ranging from “Never” to “Always,” is suggested to be effective 

in identifying individuals with PD who experience freezing of gait (N. Giladi et al., 2000; 

Nir Giladi et al., 2009). Freezing has been suggested as influencing both turning and 

dual-tasking among people with PD (Spildooren et al., 2010). Finally, balance confidence 
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was assessed via the Activities-specific Balance Confidence (ABC) scale, a 16-item 

questionnaire which consists of questions about balance confidence during a variety of 

simple to complex activities (Powell & Myers, 1995).  The ABC scale is commonly used 

as a perceived balance confidence scale among people with PD having been found to be a 

valid, sensitive and reliable screening for falls risk in the population (Mak & Pang, 2009).    

 

Measurements 

Quantification of turning performance was determined post data collection via analysis of 

steps which exceeded 2 standard deviations of foot angle from the cumulative steps prior 

to the illumination of the light and the forward walking trials from the pressure-sensitive 

walkway and/or visual inspection (ProtoKinetics Movement Analysis, 2013). Turn 

distance was calculated by determining the cumulative mediolateral and anterior-

posterior distance of the heel contacts within the turn based on data from ProtoKinetics 

ZenoTM Walkway (ProtoKinetics Movement Analysis, 2013). Turn duration was 

quantified as the time of initial contact of turn initiation to the time of last contact of the 

final turning step based on data from ProtoKinetics ZenoTM Walkway (ProtoKinetics 

Movement Analysis, 2013). 

Data Analysis  

Data analysis was performed using Stata 14.1 with alpha set to 0.05 (StataCorps, College 

Station, Texas). Individual means and standard deviations of the turn from each trial type 

(turn, turn + cognitive loading) were averaged. A paired t-test was utilized to assess 

differences between cognitively loaded and unloaded conditions. Pearson’s correlation 
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coefficients were calculated to determine associations between results of the TMT-B with 

dual-task trial distance and duration. Additionally, multiple regression equations were 

calculated to investigate the influence of cognitive flexibility and determine other clinical 

variables associated with the difference between dual and single task turn distance and 

duration. 

Results 

Baseline Characteristics 

Twenty individuals completed the study, fifteen males and five females with a mean age 

of 70.15±6.81 (Table 1). 75% of individuals were rated as a 1 on the Hoehn and Yahr 

scale, 20% of individuals were rated as a Hoehn and Yahr 2, and 5% of individuals were 

rated a 3, suggesting that the majority of participants in this study had moderate 

symptoms. 45% of individuals reported a history of freezing per their response on 

question 3 of the FOGQ. Additionally, 6 participants were given a score of below 26 on 

the MOCA, suggesting mild cognitive impairments (Dalrymple-Alford JC, Nakas CT, et 

al., 2010). 
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Table 1: Participant Demographic Information 

Characteristic Value 

Gender, males/females 15 / 5 

Age (y) 70.15 (60-87) 

Height (cm) 172.36 (157.5-184) 

Mass (kg) 77.79 (57.6-107) 

Mini-Mental State Exam 29.65 (28-30) 

Hoehn and Yahr 1.3 (1-3) 

Disease duration (m) 66.15 (4-211) 

History of falls – past year, yes/no 7 / 13 

Concern about falling, yes/no 11 / 9 

Mild cognitive impairment (per MOCA), yes/no 6 / 14 

Activities-Balance Confidence Scale (%) 82.05 (51.25-100) 

Freezing of gait (per Question 3, FOGQ), yes/no 9 / 11 

Values are mean (range) for all variables except for gender, history of falls, a concern 

about falling, mild cognitive impairment, and freezing of gait that are presented as a 

proportion. 

 

Unplanned Turning With and Without Cognitive Loading 

Individuals completed turns with reduced turn distance during dual-task trials 

(126.73±23.07cm) compared with single-task trials (139.58±26.96cm, p=0.0016; Figure 

1). Turn duration was longer for individuals while walking and completing the cognitive 

task compared to single-task trials (1.68±0.54s and 1.58±0.48s respectively, p=0.0292; 

Figure 2). For individual means and standard deviations please view figures in the 

appendix. 
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Figure 1: Mean (SD) of turn distance during single-task walking (left column) and 

walking with cognitive loading (right column). *Significant difference (p<0.05) 

 

 
Figure 2: Mean (SD) turn duration during single-task walking (left column) and walking 

with cognitive loading (right column). *Significant difference (p<0.05) 
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Relationship between Dual-Task Unplanned Turning and Cognitive Flexibility 

Prior to analysis of the relationship between cognitively loaded unplanned turning and 

cognitive flexibility, three outliers were removed due to exceptional slowness on the 

TMT-B exam. The three outliers who were removed had an average performance on the 

TMT-B of 658.64±309.94s whereas the remaining 17 participants had an average of 

75.82±19.92s. Each of these outliers were considered to have mild cognitive impairment 

based on their MOCA score. Following removal of the outliers, no significant correlation 

was found for the relationship between cognitive flexibility and both turn duration 

(r=0.0038, p=0.9883) and turn distance (r=-0.3282; p=0.1983) (Table 2). 

 

Table 2: Pearson correlation and statistical significance of TMT-B results with dual-task 

duration and distance. Significance set to p<0.05 

 

 Dual-task Duration (s) Dual-task Distance (cm) 

TMT-B (s) r=0.0038; p=0.9883 r=-0.3282; p=0.1983 

 

 

 

Figure 3: Individual means of cognitively loaded turn distance and TMT-B scores. 
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Figure 4: Individual means of cognitively loaded turn distance and TMT-B scores. 

 

Within the subgroup of individuals presenting with exceptional slowness on the TMT-B, 

a strong, nonsignificant, negative correlation was observed between dual-task duration 

and TMT-B scores (r=-0.9752; p=0.1421), while a strong negative correlation was found 

to be significantly related to dual-task distance (r=-0.9993; p=0.0233) (Table 3). 

 

Table 3: Pearson correlation and statistical significance of TMT-B results with dual-task 

duration and distance within the subgroup of exceptional TMT-B slowness. Significance 

set to p<0.05 

 

 Dual-task Duration (s) Dual-task Distance (cm) 

TMT-B (s) r=-0.9752; p=0.1421 r=-0.9993; p=0.0233 
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controlling for cognitive flexibility (TMT-B), global cognition (MOCA), balance 

confidence (ABC scale), the speed during the single-task trials, disease duration, disease 

severity (H&Y score), and freezing of gait (Question 3; FOGQ). The regression equation 

utilized was “DistanceDifference = -70.1978 + 0.0409*TMTB + 1.4092*MOCA + 

0.1381*ABCscale + 0.1376*FOGQ#3 + -0.0905*H&Y + 1.0765*STVelocity + -

0.8016*DTVelocity”.  

 

 

 

Figure 5: Relationship between turn velocity during cognitively loaded trials and the 

difference in turn distance during single-task and cognitively loaded turning. 
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Figure 6: Relationship between turn velocity during the DT trials and the difference in 

turn duration between during single-task and cognitively loaded turning. 

 

Explanatory variables were not assessed within the subgroup of individuals who 

presented with exceptionally longer time needed to perform the TMT-B secondary to the 

low sample size (3). 
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When completing a walking trial in combination with a cognitive task, individuals with 

PD negotiated unplanned turns using less distance and greater time. The decrease in turn 

distance was similar to the results by Conradsson et al (2017) who investigated the effects 

of dopaminergic medication on unplanned turn distance. The research team found that 

when people with PD turned unexpectedly while ‘on’ anti-Parkinsonian medication they 

increased turn distance compared to when participants were in the ‘off’ condition 

(Conradsson et al., 2017). Interestingly, although participants were on anti-Parkinsonian 

medication in the present study, our results suggest participants performed similarly to 

when in an ‘off’ anti-Parkinsonian medications condition (Conradsson et al., 2017) 

during cognitively loaded walking trials. This may be due to the complex nature of the 

dual-task condition, in which dopaminergic medications have been suggested as not 

influencing gait parameters during dual-tasking (Elshehabi et al., 2016).  

In the current study, differences in turn distance between single-tasking and cognitively 

loaded turning were not associated with cognitive flexibility, but instead were associated 

with the turning velocity while cognitively loaded within the group of individuals who 

performed the TMT-B in a reasonable time. Those who greatly adjusted their distance 

traveled between single-task unplanned turns and cognitively loaded unplanned turns 

tended to ambulate slower during the cognitively loaded trials.  This finding, while not 

surprising given the relationship between distance and velocity, suggests that individuals 

with PD who present with normal cognitive flexibility tend to strategize their spatial 

parameters when cognitively loaded by adjusting their speed. 
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Participants in this study increased their turn duration when cognitively loaded. Increased 

ambulation time while dual-tasking has been found during pre-planned turns (de Souza 

Fortaleza et al., 2017; Spildooren et al., 2010; Stuart, Galna, Delicato, Lord, & Rochester, 

2017).  In the present study, differences in turn duration between single and dual-tasking 

did not have a significant association between any of the factors within the model, 

including cognitive flexibility. Turn velocity during the cognitively loaded trials was 

close to significance, similar to the results of the difference in distance. 

 

Relationship between cognitive flexibility and dual-task turn distance and duration 

Cognitive flexibility, as measured by TMT-B, was found to be weakly correlated to both 

distance and duration during dual-tasking among those with greater flexibility. Among 

the subgroup of individuals who presented with poorer cognitive flexibility, however, a 

strong relationship was identified during dual-tasking, where those with poorer cognitive 

flexibility (higher score of TMT-B) negotiated the turn using less distance. A decreased 

distance may suggest that individuals negotiated the turn with smaller steps, decreasing 

one’s dynamic balance. The association between cognitive flexibility and cognitively 

loaded turning is similar to previous findings of the relationship between gait parameters 

and cognitive flexibility during forward walking in older adults (Ble et al., 2005; Hirota 

et al., 2010; Hobert et al., 2017; Killane et al., 2014) and turn duration during the Timed 

Up and Go test among people with PD (Van Uem et al., 2016).  

This study was designed to mimic the environmental constraints placed on individuals 

while negotiating through an active environment, similar to environments people with PD 
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interact with outside of the laboratory. While additional research is necessary to further 

understand strategies used during unexpected turns while cognitively loaded, this 

investigation suggests that individuals with PD may adjust their turn distance and 

duration when cognitively loaded and turning unexpectedly in order to safely negotiate a 

complex environment. However, navigation within complex environmental conditions 

may be a greater challenge within subgroups of individuals presenting with poorer 

cognitively flexibility. 

Limitations 

There are several limitations to this study. The majority of participants in this study were 

high functioning males, therefore this data may not be generalizable to the greater 

Parkinson’s population. The TMT-B may have been too simple for the majority of the 

current sample where perhaps a different test may have shown stronger results. The 

secondary cognitive task used in this study consisted of serial subtraction from a 

randomized order of 4 different numbers. It is possible that individuals became familiar 

with specific numbers during the trial. The study allowed each individual walk at their 

preferred walking speed. By not controlling for walking speed, the duration and distance 

traveled during the turn may have been influenced. Lastly, the environment in which 

testing occurred was not completely controlled with regards to distractions, including 

noise and movement. 

Conclusion 

This study investigated differences between unplanned turning with and without 

cognitive loading among individuals with PD. The sample studied demonstrated a 
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decrease in turn distance and an increase in turn duration while cognitively loaded. This 

suggests individuals with PD use different motor control strategies during unplanned 

turning while performing a secondary task compared to only a single task. The results 

also suggest that cognitive flexibility may not be associated with dual-tasking 

performance, except in those who have exceptionally poor cognitive flexibility. The 

significance of these findings may explain, in part, the influence complex environments 

have on the motor control strategies used by people with PD. 
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APPENDIX 

Project Overview 

Parkinson’s disease (PD) is a neurodegenerative disease that affects over ten million of 

the world’s population (Parkinson’s Foundation, 2017). The disease process, which 

involves the loss of dopamine releasing cells, results in impairments within both the 

motor and cognitive domains (Laurie Lundy-Ekman, 2007).  These impairments lead to a 

variety of activity limitations and participation restrictions, particularly when attempting 

to negotiate complex environments.  

Within the motor domain, gait impairments during forward walking include decreased 

gait speed, step length and increased step variability among people with PD compared to 

unimpaired adults (Hoehn & Yahr, Melvin D, 1967; Peterson & Horak, 2016). People 

with PD also present with rigidity of gait both in the axial and appendicular skeletons, 

presenting with less natural rotation during walking (Hoehn & Yahr, Melvin D, 1967; 

Peterson & Horak, 2016).  Poor postural control (the ability to maintain and restore 

balance during movements) also plays a crucial role in the gait impairments seen among 

people with PD (Peterson & Horak, 2016).  Together, these gait deviations are an 

important safety concern for the rehabilitation field as they are associated with an 

increased falls risk in many populations including PD (Hausdorff et al., 2001; Maki B.E., 

1997; Nakamura et al., 1996; Schaafsma et al., 2003). 
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Even more challenging than forward walking is turning. Turning is made up of multiple 

transitions: walking straight, slowing down, reorienting the body to a new direction, 

accelerating, and walking forward again. People with PD demonstrate a number of 

challenges with transitions, making turning an important task to study in this population 

(Ashburn et al., 2008; de Souza Fortaleza et al., 2017; E. Stack & Ashburn, 1999; E. L. 

Stack et al., 2006).  Individuals with PD have been identified as having difficulty turning 

and demonstrate decreased step width, decreased step length, increased double support 

time, increased freezing episodes, en-bloc turning, and increased falls (Ashburn et al., 

2008; Cheng FY et al., 2014; Hulbert et al., 2015; Huxham F et al., 2008; E. Stack & 

Ashburn, 1999; E. L. Stack et al., 2006).  Falls during turning are even more dangerous 

because when individuals fall while turning, they are more likely to fall sideways with 

the lateral femur making contact with the ground (Cummings et al., 1994). This type of 

fall, as opposed to falling while walking straight, makes individuals 8X more likely to 

fracture their hip (Cummings et al., 1994).  

An active physical environment with unexpected obstacles causes even more challenges 

to individuals with PD. Unplanned or reactive change of direction represent a challenge 

in the physical environment for people with Parkinson’s disease. Previous research 

suggests that people with PD demonstrate changes in gait characteristics when having to 

negotiate an unplanned change (Conradsson, D et al., 2018; Conradsson et al., 2017; 

Knobl et al., 2012). Specifically, people with PD demonstrate both an increase in freezing 

episodes as well as increased stepping variability during unplanned turns (Knobl et al., 

2012). Additionally, people with PD compared with unimpaired adults, even while on 
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anti-Parkinson’s medication, have been found to turn with less distance and poorer 

mediolateral stability during unplanned changes of direction (Conradsson, D et al., 2018; 

Conradsson et al., 2017).  These findings, though limited, suggest that people with PD 

negotiate complex physical environments differently than unimpaired adults. The limited 

studies suggest that additional research is necessary to progress the rehabilitation science 

field’s understanding of the implications a complex environment has on walking 

performance among people with PD.  

Although people with PD demonstrate a number of differences in their motoric strategies 

when compared with unimpaired adults, they also present with a variety of executive 

function impairments (the processes that allow higher order mental function to occur), 

including attention and cognitive flexibility, within the cognitive domain. People with PD 

demonstrate decreased attentional processing abilities, often resulting in poorer 

performance when completing more than one task simultaneously, as evidenced by 

changes in gait and cognitive performance during dual-task compared with single-task 

(Yogev et al., 2005, 2008). People with PD also demonstrate lower scores in multiple 

cognitive tests, including the trail-making test (TMT) – part B (TMT-B) and trail-making 

test – B-A (deltaTMT), where part A is subtracted from part B, which suggest difficulties 

with cognitive flexibility (the ability to adjust behavior in response to environmental 

stimuli) (Armbruster et al., 2012; Kourtidou et al., 2015; Scott, W. A., 1962).  These 

cognitive impairments have been associated with pre-planned gait characteristics, 

however the relationship between the cognitive and motor domains has not been 

investigated during unplanned turning. Investigation of the effects of this relationship is 
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of great importance as it adds to our understanding of the influence a complex 

environment has on individual performance.  

Previous research had found that people with PD demonstrate changes in their gait, such 

as decreased speed and increased step variability, when performing a cognitive task while 

walking (Yogev et al., 2005). A pre-planned environment does not fully represent an 

active environment where obstacles and unplanned situations commonly occur, therefore 

requiring the individual to switch attention between tasks. To date, there is little evidence 

to indicate the influence of cognitive loading on unplanned turning. Improved 

understanding of the effects of increased attentional demand during a dual-task situation 

is a crucial step to understand the influence of environmental challenges on people with 

PD (Figure 7). 

 

 

  
 

Figure 7: Conceptual framework of the influence of cognitive loading on unplanned 

turning, thereby taking account both the motor and cognitive impairments seen in people 

with PD. 
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This study was designed to improve our understanding of this relationship, thereby 

enhancing established gait protocols to create treatment programs which may improve 

gait function in people with PD. Thus, the purpose of this study was to determine the 

influence of cognitive demands on unplanned turning among people with PD. Two 

hypotheses: (1) Individuals with Parkinson’s disease will demonstrate decreased turn 

distance or increased turn time during unplanned turning with cognitive loading in 

comparison to unloaded walking trials. (2) Cognitive flexibility will be positively 

associated with turn distance and negatively associated with turn duration during dual-

task trials. 
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Review of the Literature 

Parkinson’s disease, the most common motor disorder associated with the basal ganglia, 

is prevalent in over 10 million people worldwide (Laurie Lundy-Ekman, 2007; 

Parkinson’s Foundation, 2017). Caused by diminished dopamine production within the 

substantia nigra, as well as acetylcholine-producing cells in the pedunculopontine nucleus 

of the brainstem, the reduction results in decreased activity in the cerebral cortex as well 

as inhibition of both the vesibulospinal and the reticulospinal tracts (Laurie Lundy-

Ekman, 2007). These central impairments cause changes both motorically and 

cognitively (Laurie Lundy-Ekman, 2007). 

Within the motor domain, individuals with PD demonstrate changes in their gait 

characteristics when compared with unimpaired adults. These changes occur during both 

forward walking and changes of direction. Within the cognitive domain, people with PD 

present with impairments related to executive function (the processes that allow higher 

order mental function to occur in individuals) (Logue & Gould, 2014). Within the realm 

of executive function, people with PD demonstrate difficulty with attention (the 

information processing capacity of an individual) and cognitive flexibility (the ability to 

adjust behavior in response to environmental stimuli) (Armbruster et al., 2012; Scott, W. 

A., 1962; Woollacott & Shumway-Cook, 2002). 

Understanding the relationship between cognitive deficiencies and gait dysfunctions 

caused by the disease has been of interest to multiple researchers and the field of 

rehabilitation science for many years. This review will examine the influence of PD on 
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gait and cognitive loading. Additionally, studies that have examined turning during 

walking in people with PD will be reviewed. 

Motor Aspects of Parkinson’s Disease 

People with PD present with multiple impairments within the motor domain including 

gait deviations, muscular weakness, balance and postural dysfunctions, as well as tremors 

(Dirnberger & Jahanshahi, 2013; Laurie Lundy-Ekman, 2007).  This review will focus on 

gait deviations. During forward walking, individuals with PD present with a multitude of 

deviations including decreased step length, decreased walking speed and increased step 

variability (Hoehn & Yahr, Melvin D, 1967; Peterson & Horak, 2016). These deviations 

are important for the field of rehabilitation, in part, because of their relationship to falls. 

Increased variability of stepping and a decrease in walking speed have both been 

suggested as related to an increased falls risk (Brach et al., 2005; Montero-Odasso et al., 

2005). Falls, one of the leading causes of disability, are a common occurrence in this 

population and often occur during movement transitions, such as turning. (Allen et al., 

2013; Gill et al., 2013; Thigpen et al., 2000). Falls during a turn are even more hazardous 

because one is more likely to contact the ground with their hip, increasing the risk of a 

hip fracture (Cummings et al., 1994). 

Turning in People with Parkinson’s Disease 

During a pre-planned turn, people with PD demonstrate decreased turn velocity, smaller 

steps, increased turn time, increased number of steps needed to complete the turn, as well 

as increased frequency of freezing (Hulbert et al., 2015; Huxham F et al., 2008). With 

such a multitude of impairments, 56% of people with PD have reported difficulty with 
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turning (E. L. Stack et al., 2006). In fact, the completion of a turn is a major contributor 

to falls with an 8X greater likelihood to experience a hip fracture when falling compared 

with forward walking (Cummings et al., 1994; Feldman & Robinovitch, 2007). 

Therefore, it is critical to better understand aspects related to turning in people with PD. 

Although pre-planned turning is common, unexpected changes in the physical 

environment, such as an obstacle, require individuals to deviate from forward walking 

with little advance notice. Changes in the physical environment force individuals to 

quickly react by changing direction. To successfully complete a sudden change in 

direction, individuals must be able to flexibly modify motoric goals from forward 

walking to maintaining upright posture while walking in a different direction. A sudden 

change in a motor task requiring motor flexibility is a concept known as motor task-

switching (Ravizza & Carter, 2008). 

Task-switching abilities have been found to be impaired in people with PD within both 

the cognitive and motor domains (Almeida et al., 2003; Benecke et al., 1987; Brown & 

Almeida, 2011; Chong et al., 2000; A. R. Cools et al., 1984; R. Cools et al., 2001a, 

2001b; Dirnberger & Jahanshahi, 2013; Downes et al., 1989; F. B. Horak et al., 1992; 

Owen et al., 1992; Robertson & Flowers, 1990; Sawada et al., 2012; Spildooren et al., 

2010). Recently, however, researchers have attempted to investigate the ability to task-

switch during turning while walking among people with PD.  Knobl et al (2012) 

investigated the effects of motor planning in shifting during turning in people with PD 

who experience freezing of gait (FoG). The authors found that individuals with FoG 

demonstrated increased step length variability, increased double support time, and 
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decreased step length compared to individuals with PD who do not experience freezing 

(NFoG) or healthy controls (Knobl et al., 2012). Additional walks were completed where 

a light cue was provided, indicating a change in direction. These trials resulted in an 

increased frequency of freezing episodes, suggesting that FoG may be influenced by 

difficulty in performing voluntary movement switches (Knobl et al., 2012). Although 

differences between NFoG and unimpaired subjects were not found, the methodology 

employed to elicit a shift was not a voluntary reactive response as the cue (i.e. light) was 

provided prior to the turn location, allowing participants time to preplan their strategies 

(Knobl et al., 2012).  

A study completed by Conraddson et al (2017, 2018) also investigated pre-planned and 

unplanned turning in people with PD.  While investigating the influence on dopaminergic 

medications on unplanned turning, they found that individuals with PD negotiated an 

unplanned turn with less turn distance and poorer mediolateral stability than unimpaired 

adults (Conradsson, D et al., 2018; Conradsson et al., 2017). Unplanned turn trials 

however, did not require task shifts as the cue to initiate the turn was provided prior to 

the turning location, thereby allowing participants the opportunity to preplan the change 

in direction (Conradsson, D et al., 2018; Conradsson et al., 2017; Knobl et al., 2012).  

Cognitive Aspects of Parkinson’s Disease 

Cognitively, people with PD demonstrate changes in executive function, processes that 

allow higher order mental function to occur (Logue & Gould, 2014). Within the realm of 

executive function are many cognitive processes, including attention (information 

processing capacity of an individual) (Woollacott & Shumway-Cook, 2002) and 
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cognitive flexibility (ability to adjust behavior in response to environmental stimuli) 

(Armbruster et al., 2012; Scott, W. A., 1962). Both attention and cognitive flexibility are 

crucial for individuals to interact and adapt to the environment (Logue & Gould, 2014).  

People with PD demonstrate decreased attentional capacity and slower processing 

abilities compared to people without PD (Dirnberger & Jahanshahi, 2013).  Additionally, 

the automaticity used when immediate responses are required or when information is 

processed in parallel is impaired in people with PD (Yogev‐Seligmann et al., 2012). 

Rather than processing information in parallel, individuals with PD utilize slow, goal 

directed behavior, requiring more attention for tasks, such as walking, than unimpaired 

adults (Yogev et al., 2005; Yogev‐Seligmann et al., 2012). 

The completion of a task is believed to require a certain amount of attention (Ravizza & 

Carter, 2008). The ability to share attentional resources among multiple tasks is crucial 

for maintaining an upright posture. However, when attentional capacity has been 

maximized, both motor and cognitive performances become impaired (McKinlay, 2013). 

The breakdown of performance while attention is limited has been suggested to be 

associated with falls risk in multiple neurological populations, including PD (Kalron et 

al., 2010; Plummer-D’Amato et al., 2008; Sheridan & Hausdorff, 2007; Yogev et al., 

2005).   

People with PD not only have difficulty dividing attentional demands, but also 

demonstrate challenges switching attention between tasks (McKinlay, 2013). Switching 

attention requires cognitive flexibility which allows an individual to efficiently end one 

task, develop a plan for a new goal, and implement that plan (Dajani & Uddin, 2015).  
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Flexibility to modify behavioral goals is especially crucial within complex, active 

environments, where adaptation to unanticipated occurrences is crucial.  

People with PD present with decreased cognitive flexibility compared to unimpaired 

adults, as evidenced by slower performance on cognitive assessments such as the trail-

making test (Olchik, M.R. et al., 2017). Cognitive flexibility, which is positively 

associated with health-related quality of life (Davis et al., 2010), has also been found to 

be associated with falls in people with PD (McKay et al., 2018).  

The Interaction of Cognitive and Motor Domains in Parkinson’s Disease 

In addition to challenges in the physical environment, people with PD also demonstrate 

difficulties within the social environment. The social environment often requires 

individuals to communicate with others while simultaneously performing a motor task, 

such as walking while talking. The interaction between both environments and the 

strategies used by the individual with PD can lead to either disablement or enablement 

(Figure 8). 

 

Figure 8: Modified Institute of Medicine Environmental Mat Model depicting the 

relationship between the environment, the person with PD, the effects on disability and 

enablement (Institute of Medicine et al., 1997). 
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When performing a cognitive task during forward walking within a complex social 

environment, individuals with PD must share attentional resources between the two tasks. 

As a result of both attentional and motor demands, people with PD demonstrate an 

increase in gait deviations including decreased speed and increased variability in stepping 

(Yogev et al., 2005). Such modifications to spatiotemporal characteristics of gait have 

been identified as a potential safety mechanism utilized when required to perform more 

than one task (Yogev et al., 2005). However, while the study of a complex social 

environment on forward walking is important, 35-45% of all steps taken during the day 

involve turning steps (Glaister BC et al., 2007). As a result of almost half of steps 

involving some aspect of turning, and the increased cognitive demand associated with a 

turn compared to forward walking, the investigation of the effects of cognitive 

distractions on turning performance has increased research focus (Lowry et al., 2012).  

Spildooren et al (2010) were among the first to study the effects of turning performance 

within a dual-task paradigm in people with PD when they investigated the influence of 

dual tasking on FoG during pre-planned turns. The findings suggest that people with PD 

who experience FoG demonstrate increased occurrences when completing a cognitive-

motor dual-task that comprised of a 360° turn (Spildooren et al., 2010). Participants also 

took more steps during the turn and ambulated at a slower speed (Spildooren et al., 2010). 

This study, however, included only pre-planned turns and therefore cannot be generalized 

to an active physical environment (Spildooren et al., 2010). 

De Souza Fortaleza et al (2017) also investigated the effect of cognitive loading on 

transitions between individuals with PD who experienced FoG and NFoG (de Souza 



30 

 

Fortaleza et al., 2017). Contrary to Spildooren et al’s findings, de Souza Fortaleza et al 

found that FoG and NFoG turned similarly while turning and simultaneously completing 

a cognitive task (de Souza Fortaleza et al., 2017). They attributed this difference to a 

higher cognitive functional level in their participants compared to those in the Spildooren 

et al’s (2010) study as well as a difference in angled turns (180° compared to 360°, 

respectively) (de Souza Fortaleza et al., 2017). De Souza Fortaleza et al (2017) also 

found that both groups decreased their peak turn velocity when completing a dual-task 

compared to a single-task. However, this study also did not include unplanned turn trials 

(de Souza Fortaleza et al., 2017). By incorporating an unplanned component within a 

dual-task paradigm, researchers would be able to investigate the cognitive loading effects 

on a change in a behavioral goal within the motor domain, manipulating both motor and 

cognitive flexibility within complex physical and social environments.  

To date, only one paper has explored the effects of a dual-task paradigm with an 

unplanned motor activity among people with PD (Smulders et al., 2015). The effects of 

simultaneous cognitive and motor task-shifting were investigated in people with PD 

employing a step initiation model for the motor task-shift and a change in task rule model 

for the cognitive task (Smulders et al., 2015). Individuals who experienced FoG made 

more stepping errors during dual-task trials than unimpaired adults, suggesting that FoG 

may be associated with motor shifting errors and challenges (Smulders et al., 2015). 

However, motor task-shifting while walking was not investigated, a crucial component of 

safety during community participation (Smulders et al., 2015).  
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Summary 

In summary, individuals with PD demonstrate impairments in both motor and cognitive 

domains. Within the motor domain, they utilize different motor strategies, including 

decreased turn distance and increased turn time, when performing a task in a complex 

physical environment, such as an unplanned change in direction. Within a complex social 

environment, individuals demonstrate challenges dividing attention, presented by a 

decrease in performance when more than one task is performed simultaneously. A 

combination of a complex social and physical environment during a walking turn task has 

not been investigated in this population.  This review acknowledges the findings of 

research teams to date, however, the lack of research investigating the strategies used 

while individuals with PD perform an unplanned turn with and without cognitive loading 

remains limited. The strategies those with PD use within this challenging environment is 

crucial for the field of rehabilitation to understand in order to maximize the knowledge 

and treatment for the PD population. 
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Dissertation Proposal 

 

Individual enablement relies heavily on the motor performance within complex, 

active environments. Active environments consist of unanticipated obstacles which 

require individuals to maintain motor flexibility during unplanned changes in direction 

and/or speed. Furthermore, active participation in the community often requires 

individuals to perform multiple tasks simultaneously, requiring individuals to utilize 

attentional resources towards environmental changes while also responding with 

appropriate motoric strategies to ensure safety. This requirement often results in 

diminished quality of one or more tasks due to individual limits of attentional 

capacity.(Yogev‐Seligmann et al., 2012) While there is ecological validity in exploring 

conventional dual-task paradigms, investigating the influence of complex environments 

on activity performance further develops our understanding of the association between 

the environmental and motor organization. 

Turning is a complex task which requires greater cognitive demands than straight-

line walking(Lowry et al., 2012) and is substantially more challenging when performed 

as an unplanned activity within a task-shifting paradigm.(Conradsson, D et al., 2018; 

Conradsson et al., 2017; Knobl et al., 2012) Task-shifting, or the ability to change 

behavioral goals, requires an individual to use motoric flexibility and attentional 

resources while transitioning between disparate tasks.(Ravizza & Carter, 2008) People 

with Parkinson’s disease (PD) demonstrate impaired unplanned turning performance 

compared with healthy older adults. Specifically, people with PD demonstrate decreased 

turn distance and velocity as well as increased turn duration.(Conradsson, D et al., 2018; 

Conradsson et al., 2017; Knobl et al., 2012)  Together, these movement characteristics 

suggest that people with PD demonstrate compromised unplanned turning 

performance.(Conradsson, D et al., 2018; Conradsson et al., 2017; Knobl et al., 2012)  

Balance impairment is suggested to be a significant contributor to turning 

performance in people with PD.(Cheng FY et al., 2014) In fact, balance impairments are 

thought to have a greater influence on turning performance than lower extremity strength, 

freezing of gait, or disease severity.(Cheng FY et al., 2014)  Postural control is 

multifactorial with components such as attention affecting it.(Fay B. Horak, 2006; 

Pollock AS et al., 2000)  People with PD demonstrate impairments in both postural 

control and attention, leading to an increased risk of falls while performing complex 

tasks.(Cheng FY et al., 2014; Stylianou et al., 2011; Yogev et al., 2008) When 

performing more than one task, the attention to postural control becomes limited, causing 

greater instability and a higher threat to safety.(Yogev‐Seligmann et al., 2012) Our 

understanding of the influence of postural control on unplanned turning performance 

while cognitively loaded, however, remains limited. 

People with PD also demonstrate increased difficulty performing multiple tasks 

due to attentional demands. Attention, as a construct, greatly affects the activity of 

turning and successful participation in the community.(Shumway-Cook A & Woollacott 

MH, 2000) People with PD demonstrate decreased automaticity of movement resulting in 

the need to utilize attentional resources for motoric activities and thus greater relative 

difficulty performing multiple tasks simultaneously.(Yogev‐Seligmann et al., 2012)  
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Proactive, pre-planned turning is compromised when attention is limited, most likely due 

to the increase in attentional demands needed for walking in this population.(de Souza 

Fortaleza et al., 2017; Spildooren et al., 2010; Stuart Samuel et al., 2017) Although 

existing literature in this area is limited, the influence of attentional demands has received 

increased attention recently as the association between cognitive function and turning in 

individuals with PD is identified.(de Souza Fortaleza et al., 2017; Spildooren et al., 2010; 

Stuart Samuel et al., 2017) 

Our understanding of the influence of limited attention on unplanned turning 

performance and the role of attention on motor organization within complex 

environments among people with PD is limited. For active community participation, 

individuals with PD must be able to safely and effectively negotiate unplanned obstacles 

while simultaneously performing cognitive tasks. Investigating the motor organization 

within this challenging environment has the opportunity to further develop the field’s 

understanding of motor control and the influence of attention as well as allow for the 

development of rehabilitation interventions to maximize the enablement of individuals 

with PD. 

Specific Aim: To determine the influence of cognitive demands on unplanned 

turning among people with PD. 
- Research Question #1: How does cognitive loading affect unplanned turning 

among people with Parkinson’s disease? 

o Hypothesis #1: Individuals with Parkinson’s disease will demonstrate 

(a) decreased turn distance and/or (b) increased turn time during 

unplanned turning while cognitively loaded compared to not 

cognitively loaded. 

- Research Question #2: What is the relationship between cognitive flexibility, 

as evidenced by trail-making test B and/or trail-making test B-A (deltaTMT), 

and unplanned turn distance or duration while cognitively loaded among 

people with Parkinson’s disease? 

o Hypothesis #2: Cognitive flexibility will be positively associated with 

turn distance and negatively associated with turn duration during dual-

task trials. 

Methods: 

Population: 

Participation of human subjects will be approved by the institutional review board prior 

to enrollment in this study.  

15 individuals with PD will be recruited for this study. This is based on Conradsson 

2017’s effect size for turn distance as Cohen’s d = 0.70,(Conradsson et al., 2017) power 

as 0.80, and p<0.05. This calculation was determined by GPower based off within 

subjects means. 

Inclusion criteria: Diagnosis of PD by a physician, ON Parkinsonian medications, able to 

ambulate 10 meters with or without cane, a Mini Mental state score of at least 24, age 60 

or older, and those who are rated from 1-4 on the Hoehn and Yahr scale. 
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Exclusion criteria: Diagnosis of neurological disease or disorder other than PD, recent 

surgery or condition that could impact walking performance, uncontrolled cardiovascular 

conditions, inability to read or understand English, those who are legally blind, and those 

who use an assistive device which provides support greater than the support of a cane, 

and those who are rated greater than 4 on the Hoehn and Yahr scale. 

A convenience sample will be used to obtain participants in the Washington, DC metro 

area. Recruitment of participants will include strategies of advertising with flyers in the 

local community, emails, online newsletters, word of mouth within the Parkinson 

community in the Washington, DC metro area. In-services will be given to local support 

groups as well as local allied health clinicians, nurses and physicians. Each group will 

receive flyers to post and hand out to potential subjects.  

Experimental Procedures: 

After successful screening of eligible participants, participants will read, comprehend, 

and sign the informed consent. Testing will take place at GMU Rehabilitation Science 

Functional Performance Lab.  

Part A: Single Task- Cognitive: Individuals will complete the cognitive task, serial 

subtraction by 3’s starting at a randomly selected number of the following: 206, 223, 249, 

or 290 in a seated position.12 A researcher will note the accuracy of the responses for 60 

seconds.12  

Part B: Single Task- Motor: Participants will stand at a designated start position located 2 

meters away from a pressure-sensitive Zeno walkway. He or she will then be instructed 

to ambulate straight and stop at the designated marked line located 2 meters past the mat 

(a total of 10 meters walking). A green light at the end of the walkway will be randomly 

activated manually to indicate when a turn is to be completed. If the light turns on 

following gait initiation, the participant will turn around immediately and walk back. 

Thirty trials will be completed. Fourteen trials (14/30) will comprise of straight-line 

walking trials where the light is not activated. The remaining 16 trials (16/30) will consist 

of trials in which the light will be activated. Within the 16 trials, 8 trials (8/30) will be 

performed with the light activating while the participant is ambulating within a 

designated location of 3.5-5 meters from starting position. The final 8 trials (8/30) will be 

performed with the light activating while the participant is ambulating within a 

designated location of 5-7.5 meters from the starting position. The timing of the light 

activation will be noted visually when the right limb is in push off within the specific 

designated location. All trials will be randomized for each participant. Following this, 

individuals will be asked to perform 3 trials of preplanned turning in each direction at a 

designated turning location located 5 meters from the starting position. 

Part C: Posturography: Participants will be asked to stand quietly for 30 seconds on the 

Balance Tracking System. 

Part D: Dual Task: The walking scenarios in Part B will be repeated with cognitive 

distraction. Participants will be asked to perform serial subtraction by 3’s starting with a 

randomized number listed above. During the completion of this phase, a research 

assistant will note the error rate of the cognitive task performance. 

Part B and D will randomized for each subject. 

Statistical Analysis:  
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Data analysis will be performed on Stata 14.1. Data will be reported as individual means 

and standard deviations from multiple trials and ensemble averages for people with PD. 

A paired t-test will be performed to assess differences between cognitively loaded and 

unloaded conditions. A Pearson’s correlation will be performed to investigate the 

relationship between mediolateral sway and turn distance. 
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Figure 9: Individual means (SD) of turn distance during single-task walking (left column) 

and walking with cognitive loading (right column). 

 

 

 
Figure 10: Individual means (SD) of turn duration during single-task walking (left 

column) and walking with cognitive loading (right column). 
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