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ABSTRACT 

The purpose of this study is to determine the effects of cognitive load on parameters of 

gait in a person with traumatic brain injury and a person with no neurological deficits. Injurious 

falls are the leading cause of traumatic brain injuries. To understand the role of cognitive 

resource allocation on the gait of TBI patients, we compared one patient who had suffered a TBI 

and one patient who had no neurological deficits while they ambulated on the GAITRite 

walkway as they simultaneously performed three different cognitive loading tasks with varying 

difficulty levels. The study showed that performing a cognitive loading task has a negative effect 

on the stability of gait for patients diagnosed with a TBI and those without. The most significant 

effect was seen in the patient with TBI during the highest difficulty cognitive loading task.        
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INTRODUCTION 

PREVALENCE  

Falls are the leading cause of injury in adults who at 65 years and older (Findorff, 

Wyman, Nyman, & Croghan, 2007, p.283). Among all age groups, falls are the leading cause of 

traumatic brain injury (TBI) at 35.2%. In children 0- 14 years old, falls accounted for 50.2% of 

traumatic brain injuries. For adults 65 years and older, falls cause 60.7% of traumatic brain 

injuries. Falls account for the greatest number of TBI related emergency department visits 

(523,043) and hospitalizations (62,334). Traumatic brain injuries are responsible for 30.5% of all 

injury related deaths in the United States. Approximately 1.7 million people sustain a traumatic 

brain injury each year in the US. Of that 1.7 million, 52,000 die, 275,000 are hospitalized, and 

1.365 million are treated and then released from an emergency department.  

Mayo Clinic did a study and found that the incidence of traumatic brain injury is likely 

greater than that estimated by the CDC. They estimate that traumatic brain injuries occur in as 

many as 558/ 100,000 people. The CDC reported that TBI’s occurred in 341/ 100,000 people. 

The Mayo Clinic researchers found that 60% of these injuries fell outside of the standard 

categorization used by the CDC (Mayo Clinic News Network, 2012). New and upcoming 

research is showing that traumatic brain injuries are more common than previously thought. 

Injurious falls are not only hard on the victim; the effects burden the family as well as the 

taxpayers who support healthcare (Alberico, 2013).  

COSTS 

Injurious falls result in major expenses for the individual sustaining the injury as well as 

the healthcare provider. For injurious falls, costs for the individual with the injury ranged from 

$63 to $85,984, with a mean cost of $6,606 per each injurious fall. In 2000, the direct medical 
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costs were $179 million for fatal falls and $19 billion for nonfatal injuries (Stevens, Corso, 

Finkelstein, & Miller, 2006, p. 293). If we decrease the occurrence of injurious falls, we can 

decrease the expenses that individuals as well as healthcare providers must pay.  

TRAUMATIC BRAIN INJURIES  

Traumatic Brain Injury is caused by a bump, blow or jolt to the head or a penetrating 

head injury that disrupts the normal function of the brain. Not all blows or jolts to the head result 

in a TBI. The severity of a TBI may range from “mild,” i.e., a brief change in mental status or 

consciousness to “severe,” i.e., an extended period of unconsciousness or amnesia after the 

injury (Center for Disease Control and Prevention, 2014). Symptoms of a TBI can include loss of 

consciousness, profound confusion, agitation/ unusual behaviors, slurred speech, inability to 

waken from sleep, weakness or numbness in fingers and toes, loss of coordination, headache, 

vomiting/ nausea, convulsions/ seizures, dilation of one or both pupils of the eye, and clear fluid 

draining from the nose or ears (Mayo Clinic Staff, 2012). Patients categorized with a severe TBI 

are comatose and have a significant higher risk of hypotension, hypoxaemia, and brain swelling. 

The injury is not over after the direct impact. With most concussions, there is usually a 

secondary injury. This simply means that all of the damage does not occur at the moment of 

impact, it can evolve after this incident. Post- concussion syndrome is another aspect of TBI. It is 

defined as a complex disorder in which a variable combination of post- concussion symptoms 

last for weeks and sometimes months after the injury that caused the concussion. Some of these 

post- concussion symptoms are headaches, dizziness, fatigue, irritability, anxiety, insomnia, loss 

of concentration and memory, as well as sensitivity to noise and light (Mayo Clinic Staff, 2011).  

CAUSES OF INJURIOUS FALLS 
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According to today’s research, falls are a major concern for people 65 years and older. 

The reasons why an elderly person is most likely to fall were broken down into ten categories 

from a study conducted by Masud and Morris. The causes are as follows: accident/ environment 

related (31%); gait/ balance disorders or weakness (17%); dizziness/ vertigo (13%); drop attacks 

(9%); confusion (5%); postural hypotension (3%); visual disorder (2%); syncope (0.3%); other 

specified causes (15%); and unknown causes (5%) (Masud & Morris, 2001, p. 3-7). There are 

also over 400 risk factors that are associated with injurious falls. They have been separated into 

five general categories. These categories are environmental, medication, medical conditions and 

changes associated with aging, nutritional, and lack of exercise (Masud et al., 2001). 

COGNITIVE RESOURCE ALLOCATION 

Previous research studies have shown that “cognitive- linguistic demand has an impact on 

gait. The effects were demonstrated in individuals without neurological compromise as well as 

those with Parkinson’s Disease” (LaPointe, Stierwalt, & Maitland, 2010, p.455). The results of 

this study show that cognitive loading negatively affects the gait of participants even if they are 

considered part of the “healthy” sample. If the “healthy” sample is affected, then the 

neurologically damaged sample will be as well. In a study on the interacting effect of cognitive 

and motor task demands on performance of gait, balance, and cognition in young adults, it 

showed similar findings. The results showed that cognitive tasks while walking resulted in 

decreased performance in locomotor rhythm as well as stability (Szturm, Maharjan, Marotta, 

Shay, Shrestha, & Sakhalkar, 2013, p.596-602).  

GAITRITE SYSTEM 

The GAITRite walkway system is an “electronic walkway utilized to measure the 

temporal and spatial parameters of its pressure activated sensors” (GAITRite Electronic 
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Walkway Technical Reference, 2013, p. 6). The system has approximately 14,000 pressure 

sensors throughout the mat. As the participant walks along the mat, their footfalls are recorded. 

Some aspects of gait that the system records are stride length, step length, step width, length/ 

width of the foot, velocity, and foot pressure. In order to test the reliability of the GAITRite 

system, a study was done to evaluate the reliability of the measurements of temporal and spatial 

parameters of gait in young and older people. The conclusions of the study showed that the 

GAITRite system produces reliable results for most temporo-spatial gait parameters in young 

and older subjects. The base of support and toe in/ out angles were not as reliable as the other 

aspects (Menz, Latt, Tiedemann, Kwan, & Lord, 2004).  

FLORIDA STATE STUDIES 

Several studies have been conducted at Florida State University in the Communication 

Neuroscience Laboratory that pertains to injurious falls. A study by Cicchitto dealt with the 

effects of cognitive- linguistic load on measurements of gait in healthy individuals. Participants 

were tested under two complexity levels of cognitive- linguistic tasks including counting by ones 

and alpha- numeric sequencing. The results of this study showed that a participant had a greater 

risk for falling while undergoing a high level cognitive task (Cicchitto, 2007).   

A study by Alberico measured the effects of lexical cognitive loading on parameters of 

gait in neurotypical young adults. Each participant walked three times under three conditions; 

walking without speaking, walking while saying the months in descending order, and walking 

while saying the months in ascending order (Alberico et al., 2013). Alberico’s study produced 

similar results as Cicchitto’s study. The gait of the healthy elderly participants decreased when 

performing the most complex lexical loading task. This study showed that the FAP score 

decreased during the baseline when compared to the lower loading task. Cicchitto’s study 
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contradicted this find. A study by Wilson showed that there was no significant difference in FAP 

score when compared throughout low and high cognitive loading tasks (Wilson, 2008). 

Wilson’s study focused on the effects of cognitive- linguistic load on gait and speech in 

healthy older adults. The results of this study show that discourse and gait parameters were 

significantly affected by the addition of a second cognitive linguistic task. The participants’ 

fluency was not affected by the additional task. But as previously stated, there was no significant 

difference in the subjects FAP score.  

STATEMENT OF PROBLEM 

By performing this research study, we are exploring the sequential repeated effects of 

cognitive load on gait parameters in an ambulatory single participant with a history of traumatic 

brain injury. The effects that cognitive loading has on parameters of gait of a person with a TBI 

has never been researched. Recent studies have concluded cognitive resource allocation issues 

may be implicated in injurious falls. Injurious falls are a serious cost in both human suffering and 

healthcare expenses to society. Cognitive- linguistic multitasking and simultaneous walking may 

play a role in falls among persons with Parkinson disease (LaPointe et al., 2010) as well as other 

brain disorders.    

PURPOSE OF STUDY 

The purpose of this study is to determine the effects of cognitive load on parameters of 

gait in a person with traumatic brain injury.  

RESEARCH HYPOTHESES 

1. The participant with traumatic brain injury will have a statistically significant lower 

functional ambulatory profile (FAP) compared to the control participant across all three 
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conditions; baseline (walking with no talking), low cognitive load (counting by one’s), 

and high cognitive load (alpha-numeric sequencing).  

2. The participant with traumatic brain injury will have a statistically significant lower FAP 

score for the high cognitive load task compared to the low cognitive load task.  

3. Velocity, step length, and double- support time will be also be lowered as the cognitive 

loading increases in difficulty.   

METHOD 

SUBJECTS 

One 29 year old male diagnosed with a traumatic brain injury (TBI) was selected as a 

participant for this study. He was recruited from the case load of the Florida State University 

Speech and Hearing Clinic via e-mails with his primary clinician at the clinic as well as in-

person meetings. One 22 year old male with no prior neurological problems was selected as the 

control participant. He was recruited as a friend of the researcher via in-person meetings.  

The participant with TBI suffered his injury on April 8, 2008. Etiology was anoxia of the 

brain for a time span of six minutes. He spent three weeks in the hospital following this event 

and was comatose for one and a half months. He has many cognitive/ communicative 

impairments. His motor speech problems are reduced rate, imprecise articulation, and diminished 

prosody. He has moderate deficits of perception, discrimination, orientation, organization, and 

recall. His cognitive deficits are indicated by visuospatial difficulties, decreased executive 

function, semantic paraphasias, poor reasoning, and good auditory comprehension.    

APPARATUS 

The GAITRite software program is used in combination with the GAITRite Walkway 

System in order to measure the collected data. The software program automatically measures 



COGNITIVE LOADING EFFECTS ON GAIT IN TRAUMATIC BRAIN INJURY  13 
 

temporal and spatial parameters of gait as a subject walks across the mat. The mat connects to 

the computer so the measured information is visible on the computer. The walkway system is 

comprised of six sensor pads that are secured within the mat. The dimensions of the electronic 

mat are 24 inches wide by 144 inches long. The mat consists of 13,824 sensors that are activated 

during a walk. The mat is laid over an even, flat, tile floor so there were no disturbances while 

recording. The participant is not required to wear/ use any additional device (Alberico, 2013 p. 

13). 

The temporal parameters were recorded in seconds and the spatial parameters were 

measured in centimeters. As the participant begins to walk down the length of the mat, the 

walkway immediately sent the recorded footfalls to the computer. Each footfall was measured as 

functions of time, space, and pressure. The GAITRite software automatically processed the raw 

data from the walkway directly into footfall patterns. It also calculated timing and distance data 

on the computer. The results across conditions and trials will be analyzed using t-test statistical 

tests.  

PROCEDURES 

The experiment was conducted at the Communication Neuroscience Laboratory at 

Florida State University in Tallahassee, Florida. The GAITRite mat and software were located in 

this laboratory. Before beginning any experimenting, each participant read, signed, and dated a 

consent form that was approved by the Florida State University Institutional Review Board 

(IRB). Information gathered from the patient included date of birth, gender, leg length (left and 

right), height, weight, and a health history questionnaire. The health history questionnaire 

included the following questions; have you ever been diagnosed with speech problems, 

respiratory problems, balance problems, neurological trauma, neurologic disease, current injury 

that would affect walking, and neurologic insult (vascular). Leg length was taken in order to 
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produce an accurate Functional Ambulatory Profile (FAP). A standard measuring tape was used 

to measure the leg length. The measuring tape was placed on the participant’s greater trochanter 

and measured to the ground at the bottom of the participant’s shoe.  

Before walking down the GAITRite mat, the examiner informed the participant about the 

purpose of the study, the directions for the experiment, as well as the safety procedures. The 

examiner had the subjects stand on the tile at the beginning of the mat and then once the 

examiner told them to begin, they were to walk to the end of the mat and perform two additional 

strides in order to record a normal footfall. Each participant was asked to come in for three 

different trial dates (one session a week). During the session, each participant were to perform 

three separate walks. The three trial walks are the subject walks across the GAITRite Walkway 

System without talking (baseline), walk across the GAITRite Walkway System while counting 

forward by ones (low cognitive loading task), and walk across the GAITRite Walkway System 

while performing alpha-numeric sequencing (high cognitive loading task). The order of each 

walk was different for each session in order to counterbalance the results. The first trial order 

was baseline, counting by ones, and then alpha-numeric sequencing. The second trial order was 

counting by ones, alpha- numeric sequencing, and then baseline. The third trial order was alpha-

numeric sequencing, baseline, and counting by ones. For each trial, the counting by ones and the 

alpha numeric sequencing started at different points in order to prevent any bias from the 

participant’s familiarity with the task. For the first trial, the participant began counting by ones 

starting at 4 (the examiner said 1, 2, 3 aloud in order to model it for the participant). For the first 

trial, the participant began alpha-numeric sequencing starting at D4 (the examiner said A1, B2, 

C3 aloud in order to model it for the participant). For the second trial, the participant began 

counting by ones starting at 9 (the examiner said 1, 2, 3 aloud in order to model it for the 
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participant). For the second trial, the participant began alpha-numeric sequencing starting at E6 

(the examiner said A1, B2, C3 aloud in order to model it for the participant). For the second trial, 

the participant began counting by ones starting at 11 (the examiner said 1, 2, 3 aloud in order to 

model it for the participant). For the second trial, the participant began alpha-numeric sequencing 

starting at H8 (the examiner said A1, B2, C3 aloud in order to model it for the participant).  

 Before the participant began walking, the examiner told them which specific walking task 

they were going to perform and for counting by ones and alpha-numeric sequencing, the 

examiner gave an example. The participant was given a couple of seconds to think about the task 

they were to complete and were then instructed to walk down the GAITRite Walkway System. 

The three walks were completed in the same session and each trial took a maximum total of 

fifteen minutes.      

TERMS 

The spatial parameters that were used in this experiment are average stride length and 

Functional Ambulatory Profile (FAP). The temporal parameters that were used in this 

experiment are velocity and average double support time. The definitions of these terms are as 

follows:  

Stride Length was measured in centimeters and it is defined as the distance between the 

center of the current footprint to the center of the previous footprint of the opposite foot along 

the line of progression. (The GAITRite Electronic Walkway Measurements & Definitions, 2006, 

p. 9) 

   
Functional Ambulatory Profile (FAP) is defined as “the ratio of step length to leg length 

to step time. It is a composite score that is derived from a formula including several critical gait 

parameters highly related to fall risk.” (Cicchitto, 2007, p.7) 
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Velocity was measured in seconds and is defined as the speed of something is a given 

direction. It is determined by dividing distance traveled by ambulation time. (Alberico, 2010, p. 

15) 

Double support time was measured in seconds and is defined as “the time elapsed 

between the first contact of the present footfall and the last contact of the prior footfall, plus the 

time elapsed between the last contact of the present footfall and first contact of the next footfall. 

Left and right footfalls were averaged for the purposes of this study.” (Alberico, 2010, p.15) 

ANALYSES 

 The GAITRite software program takes the information produced by each footfall and 

analyzes and reports it directly on the connected computer. Each participant is stored separately 

in the database and it consists of all of their walks. The software program gave the researcher the 

ability to back-up the recorded data to Microsoft Excel and to compute statistical tests with the 

collected data. Stride length and double support time were calculated by conducting the averages 

of the left and right leg for each gait parameter. Descriptive and inferential statistical analysis 

were computed using Microsoft Excel (Alberico, 2010, p.16).   

RESULTS 

After each participant performed three trials including three walks each, the GAITRite 

Walkway System analyzed all of the data using descriptive and inferential statistical formulae. 

The aspects of gait that were focused on were FAP, velocity, average double support time, and 

average stride length. These were calculated for all of the conditions; baseline, counting by ones, 

and alpha-numeric sequencing. All of these values are displayed below in Table 1 for the 

participant with TBI and Table 2 for the participant with no neurological deficits (control).  
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Table 1. Statistics for participant with TBI across 4 variables with 3 conditions each 

TBI Baseline Counting by Ones Alpha- Numeric 

Mean St. Dev Mean St. Dev Mean St. Dev 

FAP 84 1.732 78.333 8.963 65.333 12.014 

Stride 
Length 
(cm) 120.068 11.692 113.144 10.287 106.835 3.341 

Double 
Support 

time (sec) 0.397 0.025 0.49 0.042 0.644 0.106 

Velocity 
(cm/sec) 95.167 8.184 79.233 11.407 65.267 10.229 

 

Table 2. Statistics for participant with no neurological deficits (control) across 4 variables with 3 

conditions each 

CONTROL Baseline Counting by Ones Alpha- Numeric 

Mean St. Dev Mean St. Dev Mean St. Dev 

FAP 97 2 94 2.646 87.667 3.215 

Stride 
Length (cm) 159.597 10.853 148.859 5.382 156.016 4.302 

Double 
Support 

time (sec) 0.288 0.033 0.311 0.011 0.356 0.027 

Velocity 
(cm/sec) 132.7 12.065 120.267 3.859 105.633 5.021 

 

 One participant with diagnosis of traumatic brain injury and one participant with no 

neurological deficits walked across the GAITRite Walkway System under three conditions. 

These conditions were walking without talking (baseline), walking while counting by ones (low 

cognitive loading task), and walking while performing alpha-numeric sequencing (high cognitive 

loading task). This experiment intended to discover if the effects of cognitive loading on 

parameters of gait are significantly different between someone who has suffered a traumatic 

brain injury and someone who has no neurological deficits.  
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FUNCTIONAL AMBULATORY PROFILE 

Functional Ambulation Profile (FAP) was determined using the GAITRite software for 

each condition. Results from previous studies show that a normal FAP score falls in the range of 

95-100. If a participants FAP score falls below this range, they are considered at risk for 

injurious falls.   

During the baseline condition, the TBI participant (M 84; SD 1.732) had a lower average 

FAP score than the control participant (M 97; SD 2). During the low cognitive loading task 

(counting by ones) the TBI participant (M 78.333; SD 8.963) had a lower average FAP score 

than the control participant (M 94; SD 2.646). During the high cognitive loading task (alpha-

numeric sequencing) the TBI participant (M 62.667; SD 8.505) had a lower average FAP score 

than the control participant (M 87.667; SD 3.215). This data is shown in Figure 3 below.  

For each participant, their FAP score decreased as the cognitive loading decreased. For 

the TBI participant, scores decreased between baseline (M 84; SD 1.732), counting by ones (M 

78.333; SD 8.963), and alpha- numeric sequencing (M 62.666; SD 8.505). For the control 

participant, their FAP score decreased between baseline (M 97; SD 2), counting by ones (M 94; 

SD 2.646), and alpha- numeric sequencing (M 87.667; SD 3.215). This data is shown in Figure 3 

below.  
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As seen in Figure 5 below, the FAP scores for the Control participant changed over the 

course of the three trials. Over the time progression for trial 1, to trial 2, and then to trial 3, the 

FAP score baseline was steadily increased from 95, 97, and 99. Over the time progression for 

trial 1, to trial 2, and then to trial 3, the FAP score with the cognitive loading of counting by ones 

was 93, rising to 97, and then dropping to 92. Over the time progression for trial 1, to trial 2, and 

then to trial 3, the FAP score with the cognitive loading of alpha-numeric sequencing was 89, 90, 

and then dropped to 84. 
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The following are the values that were computed using a t-test to determine if the 

difference between the patient with a traumatic brain injury and the control participant was 

statistically significant: 

FAP baseline: p stat: (0.001 < 0.05)* 

FAP counting by ones: p stat: (0.0505 > 0.05) 

FAP alpha-numeric sequencing: p stat: (0.045 < 0.05)* 

(*denotes the value is statistically significant)  

VELOCITY 

The velocity (cm/sec) of each participants gait decreased as cognitive loading increased. 

The TBI participant showed decrease between baseline (M 95.167; SD 8.184), counting by ones 

(M 79.233; SD 11.407), and alpha-numeric sequencing (M 65.267; SD 10.229). The control 

participant showed decrease between baseline (M 132.7; SD 12.065), counting by ones (M 

120.267; SD 3.859), and alpha-numeric sequencing (M 105.633; SD 5.021). This data is shown 

in Figure 6 below.  
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As seen in Figure 8 below, the velocity (cm/sec) for the Control participant changed over 

the course of the three trials. Over the time progression for trial 1, to trial 2, and then to trial 3, 

the velocity baseline was 121, rising to 145.1, and then dropped to 132. Over the time 

progression for trial 1, to trial 2, and then to trial 3, the velocity with the cognitive loading of 

counting by ones slightly increased from 117.2, 119, and 124.6. Over the time progression for 

trial 1, to trial 2, and then to trial 3, the velocity with the cognitive loading of alpha-numeric 

sequencing was 106.9, 100.1, and 109.9.  
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The following are the values that were computed using a t-test to determine if the 

difference between the patient with a traumatic brain injury and the control participant was 

statistically significant: 

Velocity baseline: p stat: (0.006 < 0.05)* 

Velocity counting by ones: p stat: (0.014 > 0.05)* 

Velocity alpha-numeric sequencing: p stat: (0.004 < 0.05)* 

(*denotes the value is statistically significant)  

 

STRIDE LENGTH 

The average stride length (cm) of the participant with TBI decreased as cognitive loading 

increased. The TBI participant showed decrease between baseline (M 120.068; SD 11.692), 

counting by ones (M 113.144; SD 10.287), and alpha-numeric sequencing (M 106.835; SD 

3.341). The control participant showed decreased between baseline (M 159.597; SD 10.853) and 

121

145.1

132

117.2

119 124.6

106.9
100.1

109.9

40

60

80

100

120

140

160

Trial 1 Trial 2 Trial 3

V
e

lo
ci

ty
 (

cm
/s

e
c)

Figure 8. Velocity (cm/sec) scores for 

Control Participant over time

Baseline

Counting by Ones

Alpha- Numeric



COGNITIVE LOADING EFFEC
 

counting by ones (M 148.859; SD

SD 5.382) and alpha- numeric se

9 below.   

As seen in Figure 10 belo

the course of the three trials. Ove

the stride length baseline was 135

Over the time progression for tria

cognitive loading of counting by 

117.598. Over the time progressi

the cognitive loading of alpha-nu

and 102.782.  

0

20

40

60

80

100

120

140

160

Baseline

120.068

159.5

M
e

a
n

 S
tr

id
e

 L
e

n
g

th
 (

cm
)

Figure 9.

partic

ECTS ON GAIT IN TRAUMATIC BRAIN INJU

SD 5.382). But then increased from counting by o

 sequencing (M 156.016: SD 4.302). This data is 

low, the stride length (cm) for the TBI participant

ver the time progression for trial 1, to trial 2, and t

35.011, falling to 111.076, and then slightly rising

rial 1, to trial 2, and then to trial 3, the stride lengt

y ones was 121.672, falling to 100.161, and then 

sion for trial 1, to trial 2, and then to trial 3, the st

numeric sequencing slightly decreased from 109.7

Counting by 

Ones

Alpha- Numeric

113.144 106.835

59.597
148.859

156.016

re 9. Mean Stride Length (cm) for 

articipants across 3 conditions

TB

Co

URY  25 

 ones (M 148.859: 

is shown in Figure 

 

nt changed over 

d then to trial 3, 

ing to 114.118. 

gth with the 

n rising to 

 stride length with 

9.782, 104.943, 

TBI

Control 



COGNITIVE LOADING EFFECTS ON GAIT IN TRAUMATIC BRAIN INJURY  26 
 

 

As seen in Figure 11 below, the stride length (cm) for the Control participant changed 

over the course of the three trials. Over the time progression for trial 1, to trial 2, and then to trial 

3, the stride length baseline was 149.414, rising to 172.569, and falling to 156.808. Over the time 

progression for trial 1, to trial 2, and then to trial 3, the stride length with the cognitive loading of 

counting by ones was 149.402, falling to 142.633, and rising to 154.544. Over the time 

progression for trial 1, to trial 2, and then to trial 3, the stride length with the cognitive loading of 

alpha-numeric sequencing was 156.587, falling to 151.197, and rising to 160.265.  
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The following are the values that were computed using a t-test to determine if the 

difference between the patient with a traumatic brain injury and the control participant was 

statistically significant: 

Stride Length baseline: p stat: (0.009 < 0.05)* 

Stride Length counting by ones: p stat: (0.009 < 0.05)* 

Stride Length alpha-numeric sequencing: p stat: (0.00006 < 0.05)* 

(*denotes the value is statistically significant)  

DOUBLE SUPPORT TIME 

The Double Support Time (sec) of each participants gait increased as cognitive loading 

increased. The TBI participant showed increase between baseline (M 0.397; SD 0.025), counting 

by ones (M 0.49; SD 0.042), and alpha-numeric sequencing (M 0.644; SD 0.106). The control 

participant showed increase between baseline (M 0.288; SD 0.033), counting by ones (M 0.311; 
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As seen in Figure 14 below, the double support time (sec) for the Control participant 

changed over the course of the three trials. Over the time progression for trial 1, to trial 2, and 

then to trial 3, the double support time baseline was 0.341, falling to 0.266, and then 0.27. Over 

the time progression for trial 1, to trial 2, and then to trial 3, the double support time with the 

cognitive loading of counting by ones was relatively steady at 0.315, 0.319, and 0.299. Over the 

time progression for trial 1, to trial 2, and then to trial 3, the double support time with the 

cognitive loading of alpha-numeric sequencing was 0.657, dropping to 0.391, and dropping to 

0.337.  
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The following are the values that were computed using a t-test to determine if the 

difference between the patient with a traumatic brain injury and the control participant was 

statistically significant: 

Double Support Time baseline: p stat: (0.018 < 0.05)* 

Double Support Time counting by ones: p stat: (0.011 > 0.05)* 

Double Support Time alpha-numeric sequencing: p stat: (0.101 < 0.05) 

(*denotes the value is statistically significant)  

DISCUSSION 

HYPOTHESES 

1. The participant with traumatic brain injury will have a statistically significant lower 

functional ambulatory profile (FAP) compared to the control participant across all three 

conditions; baseline (walking with no talking), low cognitive load (counting by one’s), 

and high cognitive load (alpha-numeric sequencing).  
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2. The participant with traumatic brain injury will have a statistically significant lower FAP 

score for the high cognitive load task compared to the low cognitive load task.  

3. Velocity, step length, and double- support time will be also be lowered as the cognitive 

loading increases in difficulty.   

The data gathered from the GAITRite mat and software showed that there as deterioration in 

the participants gait as the cognitive loading difficulty increased. For the TBI participant, their 

FAP score decreased from the task with no cognitive loading (baseline) to the highest cognitive 

loading task (alpha- numeric sequencing) with a range of 21.333. For the control participant, 

their FAP score decreased less dramatically when compared to the TBI participant from the task 

with no cognitive loading (baseline) to the highest cognitive loading task (alpha- numeric 

sequencing) with a range of 9.333. 

 For the TBI participant, their mean velocity (cm/sec) decreased from the task with no 

cognitive loading (baseline) to the highest cognitive loading task (alpha- numeric sequencing) 

with a range of 29.9 cm/sec. For the control participant, their mean velocity (cm/sec) decreased 

from task with no cognitive loading (baseline) to the highest cognitive loading task (alpha- 

numeric sequencing) with a range of 27.067 cm/sec. 

For the TBI participant, their mean stride length (cm) decreased from the task with no 

cognitive loading (baseline) to the highest cognitive loading task (alpha- numeric sequencing) 

with a range of 13.233 cm. For the control participant, their mean stride length (cm) was highest 

for the task with no cognitive loading (baseline), lowest for the low cognitive loading task 

(counting by ones) but then rose 7.157 cm to the highest cognitive loading task (alpha-numeric 

sequencing). 
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For the TBI participant, their mean double support time (sec) increased from the task with no 

cognitive loading (baseline) to the highest cognitive loading task (alpha- numeric sequencing) 

with a range of 0.247 sec. For the control participant, their mean double support time (sec) 

increased from the task with no cognitive loading (baseline) to the highest cognitive loading task 

(alpha- numeric sequencing) with a range of 0.068 sec. 

We used a t-test to determine if the differences in FAP scores between the patient with a 

traumatic brain injury and the control participant were statistically significant. There was 

significant difference at the task with no cognitive loading (baseline) with a p-value of 0.001 

which is less than 0.05. There was not a significant difference for the low cognitive loading task 

(counting by ones) with a p-value of 0.0505 which is greater than 0.05. There was significant 

difference at the highest cognitive loading task (alpha-numeric sequencing) with a p-value of 

0.045 which is less than 0.05. 

We used a t-test to determine if the differences in velocity (cm/sec) between the patient 

with a traumatic brain injury and the control participant were statistically significant. There was 

significant difference at the task with no cognitive loading (baseline) with a p-value of 0.006 

which is less than 0.05. There was significant difference for the low cognitive loading task 

(counting by ones) with a p-value of 0.014 which is less than 0.05. There was significant 

difference at the highest cognitive loading task (alpha-numeric sequencing) with a p-value of 

0.004 which is less than 0.05. 

We used a t-test to determine if the differences in stride length (cm) between the patient 

with a traumatic brain injury and the control participant were statistically significant. There was 

significant difference at the task with no cognitive loading (baseline) with a p-value of 0.009 
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which is less than 0.05. There was significant difference for the low cognitive loading task 

(counting by ones) with a p-value of 0.009 which is less than 0.05. There was significant 

difference at the highest cognitive loading task (alpha-numeric sequencing) with a p-value of 

0.00006 which is less than 0.05. 

We used a t-test to determine if the differences in double support time (sec) between the 

patient with a traumatic brain injury and the control participant were statistically significant. 

There was significant difference at the task with no cognitive loading (baseline) with a p-value of 

0.018 which is less than 0.05. There was significant difference for the low cognitive loading task 

(counting by ones) with a p-value of 0.011 which is less than 0.05. There was no significant 

difference at the highest cognitive loading task (alpha-numeric sequencing) with a p-value of 

0.101 which is greater than 0.05. 

CLINICAL IMPLICATIONS 

This experiment is applicable to patients suffering from traumatic brain injuries (TBI) 

because falls are the leading cause of traumatic brain injuries and once this injury occurs, you are 

three times more likely for a second injury and eight- times more likely for subsequent injuries 

(MacArthur, 2006). Functional Ambulation Profile is an important piece of this study because 

FAP score is a valid and predictive measurement of the likelihood of injurious falls (Alberico, 

2013, p. 26). It is important to compare collected gait measurements on a control participant in 

order to understand what cognitive loading tasks can cause increased risk for injurious falls and 

to be able to compare these results to the results of participants with traumatic brain injuries. The 

highest cognitive loading task (alpha- numeric sequencing), had the most impact on the 

participants gait. As the cognitive loading difficulty increased, both participants FAP scores 

decreased. The low cognitive loading task (counting by ones) also had a negative effect on gait 
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but it was not as dramatic as the impact of the high cognitive loading task. There were 

statistically significant differences in the gait aspects of the TBI participant and the control 

participant in every aspect besides double support time during alpha-numeric sequencing and 

FAP during counting by ones.   

THEORETICAL IMPLICATIONS 

This research study tested if cognitive loading increases the risk for injurious falls. This 

question has not been tested for patients with traumatic brain injuries (TBI) even with the high 

prevalence of TBIs as well as the likelihood of repetitive head injurious (RHI). The results from 

this study will help predict the risk for injurious falls among people who have had traumatic 

brain injuries. From the results of this study, the theory of cognitive resource allocation is 

supported. This theory was supported by a collection of literature on cognitive resource 

allocation (LaPointe, 2009). This theory states that “by increasing attention demands, in our case 

walking and talking, attention is diverted away from the walking task and walking becomes 

neglected.” (Alberico, 2013, p.27). This was shown in the results because the FAP scores 

decreased from the task with no cognitive loading (baseline) to the low cognitive task (counting 

by ones) as well as the highest cognitive loading task (alpha-numeric sequencing). From the 

results of the t-test analysis, we can see that there is a statistically significant higher risk for 

patients with traumatic brain injuries to suffer decreased stability while walking and performing 

cognitive tasks when compared to a patient who has no neurological deficits.  

FUTURE RESEARCH 

This research study was the start of discovering how cognitive load affects patients with 

traumatic brain injury. For future research, we should test a larger sample size in order to better 

generalize the results to the population. We should also collect data over a longer period of time 
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and a greater amount of trials/ walks. Instead of testing only males, we should test males and 

females to see if there is a difference among gender while walking and performing a cognitive 

loading task. It would also be beneficial to test TBI patients with the same area of brain damage 

in order to see if the location plays a factor in their gait stability. Participants with differing 

levels of education could also impact the results so we should group samples according to their 

education level in order to see if there are any differences. 

LIMITATIONS 

A limitation for this study was based on a time restraint. The researcher had a specific 

date for completion of this research study so there was only a short time allotted for recruitment 

of participants resulting in one participant for the traumatic brain injury sample as well as one 

participant for the control sample. Time restraint also only allowed data to be collected over the 

course of three different trials. During the data collection for the second trial, the elevator was 

broken so the participants had to walk up five flights of stairs before they completed the second 

trial. The researcher had to use descriptive analysis on some of the data because there was a 

limited amount of data to compare.   

CONCLUSIONS 

The most important outcome from this research study is the availability of information to 

provide education on the potential risk factors that cognitive tasks can have on the gait stability 

of people who have suffered a traumatic brain injury. There has yet to be a study on this 

information so hopefully this research study will open the door to future research on this topic. 

We want to prevent or lower the occurrence of injurious falls so it is important to discover any 

correlations between injurious falls and walking while talking. Since patients with traumatic 

brain injuries have decreased stability while walking and performing a cognitive task, we can 
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state that they should be cautious when walking and avoid doing any tasks that apply a cognitive 

load.  
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FORMS USED IN DATA COLLECTION 

Health History Questionnaire 

Name:  

Subject Code:  
 
Date of Birth: 
 
Handedness: 
 
Gender: 
  
Height:  
 
Weight: 
 
Do you currently have or have ever been diagnosed with: 
 

� Speech problems     Yes No  
 

� Respiratory problems     Yes No 
 

� Balance problems     Yes No 
 

� Neurological trauma     Yes No 
 

� Neurologic disease     Yes No 
 

� Current injury that would affect walking   Yes No 
 

� Neurologic insult (vascular)    Yes No 
 

If yes, please explain here:  

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
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Effects of Cognitive Load on Parameters of Gait in Traumatic Brain Injury at FSU Speech 

and Hearing Clinic 

Spring 2014 

Vergo, LaPointe, Stierwalt, Kachask  

 
Subject Code: _______________ 
 
Date of Birth: _______________ 
 
Gender: _____M______F______ 
 
Leg Length: L=_____R=_____ 
 
Height: ___________________ 
 
Weight: ___________________ 
 
 FSU Behavioral Consent Form  

 
Title: Effects of Cognitive Load on Parameters of Gait in Traumatic Brain Injury  
 
You are invited to be in a research study of the Effects of Cognitive Load on Parameters of Gait 
in Traumatic Brain Injury.  
You were selected as a possible participant because of your recent traumatic brain injury and 
being a patient at Tallahassee Memorial Hospital. We ask that you read this form and ask any 
questions you may have before agreeing to be in the study.  
This study is being conducted by Emily Vergo within the Florida State University’s program of 
Communication Science and Disorders.  
 
Background Information:  

The purpose of this study is to determine the effects of cognitive load on parameters of gait in a 
person with traumatic brain injury.  
 
Procedures:  

If you agree to be in this study, we would ask you to do the following things:  
When you arrive at the Neurogenic Communication Research Laboratory you will need to 
provide your height, weight, and fill out the informed consent form. After this is completed, you 
will be given an orientation to the use of the GAITRite mat and system which will monitor your 
gait. Once familiarized with the system, you will perform one test walk. This trial walk will not 
be recorded and will not affect the results of the study. After this, you will perform 3 additional 
walks while performing a specific cognitive loading task. This task will be either alpha-numeric 
sequencing or subtraction by threes. When each walk is done, you will go back to the beginning 
of the mat and wait for me to prompt you in order to walk again. You will to this study over the 
course of five separated blocks of trials.  
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The only location that will be used is the Neurogenic Communication Research Laboratory at 
Room 505 Warren Building. The laboratory has the GAITRite system which is vital to the 
obtaining of information during the study.  
 
Benefits of being in the Study:  

Benefits to participation are that your involvement may lead to discoveries that help people who 
have suffered traumatic brain injuries. You will be helping find out if there is any link between 
injurious falls and cognitive load with people who have suffered from traumatic brain injuries.  
 
Possible Risks of being in the Study:  

This study has minimal risks for the participant. Some of the risks include frustration with the 
inability to successfully complete the cognitive tasks. Confusion is also a risk factor and may be 
seen while trying to complete the cognitive tasks. There is a very minimal fall risk during this 
experiment because the participant is not walking fast and there is a handrail along the entire 
length of the walking surface.  
 
Confidentiality:  

The records of this study will be kept private and confidential to the extent permitted by law. In 
any sort of report we might publish, we will not include any information that will make it 
possible to identify a subject. Research records will be stored securely and only researchers will 
have access to the records. Data will be securely stored in the Neurogenic Communication 
Research Laboratory at Room 505 Warren Building (201 Bloxham Street, Tallahassee). We will 
retain the data in locked files and password protected computers for 5 years.  
 
Estimated Time of Involvement:  

The estimated time of involvement for the participant is going to be five sessions lasting about 
twenty minutes each. There will be one session per week lasting over the course of five weeks. 
Total testing time will be 100 minutes.  
 
Voluntary Nature of the Study:  

Participation in this study is voluntary. Your decision whether or not to participate will not affect 
your current or future relations with Florida State University or Tallahassee Memorial Hospital. 
If you decide to participate, you are free to not answer any question or withdraw at any time 
without affecting those relationships.  
 
Contacts and Questions:  

The researcher conducting this study is Emily Vergo and the advisor is Leonard LaPointe. You 
may ask any question you have now. If you have a question later, you are encouraged to contact 
Emily Vergo at erv10@my.fsu.edu or Dr. LaPointe at leonard.lapointe@cci.fsu.edu .  
 
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the FSU IRB at 2010 Levy Street, 
Research Building B, Suite 276, Tallahassee, FL 32306-2742, or 850-644-8633, or by email at 
humansubjects@magnet.fsu.edu.  
 
You will be given a copy of this information to keep for your records.  
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Statement of Consent:  

I have read the above information. I have asked questions and have received answers. I consent 
to participate in the study.  
 
_____________________     _________________  
Signature         Date  
 
_____________________      _________________  
Signature of Investigator       Date 
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Verbal Consent Script 
 

The Effects of Cognitive Load on Parameters of Gait in Traumatic Brain Injury 
 
Hello, my name is Emily Vergo. I am involved in a research study called The Effects of 
Cognitive Load on Parameters of Gait in Traumatic Brain Injury.  
 
We are asking you to take part in this research study because we are trying to learn about 
cognitive load multitasking as it relates to walking. Injury inducing falls are very common and 
costly. Previous studies have found that patients diagnosed with Parkinson Disease have a 
greater likelihood for suffering injurious falls while multitasking. We are interested in finding 
out if patients who have suffered a traumatic brain injury have a higher risk for falling due to 
specific characteristics of their gait. We hope to ultimately provide research in order to prevent 
falls in people with traumatic brain injuries and other neurological disorders.  
 
You will be asked to fill out a brief questionnaire related to your health history. This information 
will be your name, date of birth, gender, leg length (left and right), height, and weight.  
 
I will explain the directions of each task before you begin the walk. You are going to start 2 feet 
before the beginning of the mat and then keep walking until 2 feet after the mat ends. The first 
walk is going to be a baseline. You will walk across the mat without talking/ without any 
cognitive loading. The second walk will be the low cognitive loading. You will walk across the 
mat while undergoing a low cognitive load test (subtraction by 3’s). The final walk will be the 
high cognitive loading. You will walk across the mat while undergoing a high cognitive load test 
(alpha- numeric sequencing). Speech will be recorded for each trial as well as the data collected 
by the GAITRite mat. All of these procedures will be recorded and performed at the FSU Speech 
and Hearing Clinic in the NeuroLab.  
 
Participating in this study comes with risk. There is a risk of falling while walking across the 
GAITRite mat, especially when undergoing the cognitive loading tasks. This risk if very small, 
but it is still a risk. In order to prevent a possible fall, there is a bar next to the mat that you can 
use if you feel unstable. If you feel uncomfortable at any time during the session, you can stop. 
 
Your participation is voluntary. You can stop the study at any time you would like.  
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Trial Dates/ Walks:  

A= baseline 
B=low cognitive load 
C= high cognitive load 
 
1st: 2/19/14- ABC 

� A= Baseline 

� B= Low cognitive load= counting by ones 
o Start at 4 ([1, 2, 3] 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 

22, 23, 24, 25, 26, 27, 28, 29, 30) 

� C= High cognitive load= alpha numeric sequencing 
o Start at D4 ([A1, B2, C3], D4, E5, F6, G7, H8, I9, J10, K11, L12, M13, N14, 

O15, P16, Q17, R18, S19, T20, U21, V22, W23, X24, Y25, Z26) 
� Say A1, B2, C3 aloud for reference  

 
2nd: 2/24/14- BCA 

� B= Low cognitive load= counting by ones 
o Start at 9 ([1, 2, 3] 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 

25, 26, 27, 28, 29, 30) 

� C= High cognitive load= alpha numeric sequencing 
o Start at E6 ([A1, B2, C3], E5, F6, G7, H8, I9, J10, K11, L12, M13, N14, O15, 

P16, Q17, R18, S19, T20, U21, V22, W23, X24, Y25, Z26) 
� Say A1, B2, C3 aloud for reference  

� A= Baseline 
 
3rd: 2/26/14- CAB 

� C= High cognitive load= alpha numeric sequencing 
o Start at H8 ([A1, B2, C3], H8, I9, J10, K11, L12, M13, N14, O15, P16, Q17, 

R18, S19, T20, U21, V22, W23, X24, Y25, Z26) 
� Say A1, B2, C3 aloud for reference  

� A= Baseline 

� B= Low cognitive load= counting by ones 
o Start at 11 ([1, 2, 3] 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 

26, 27, 28, 29, 30) 
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