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ABSTRACT 

This research project investigated the acoustic startle response and cognitive task 

performance in college students and student-athletes with and without repetitive head 

impact (RHI) exposure through sports participation. The startle response is a measure of 

brainstem function, and prepulse inhibition (PPI) of the startle response is a measure of 

sensorimotor gating. The purpose of this research was to ascertain whether there are any 

differences in startle responding and PPI between students and student-athletes with and 

without RHI exposure, and how the parameters of startle stimuli affect their performance 

on a visual computerized Stroop Test. It was predicted that student-athletes with RHI 

exposure would present with lower startle magnitude, reduced PPI, and poorer task 

performance relative to student-athletes without RHI exposure. The studies in this 

research did not find any significant differences in startle response magnitude or PPI 

between athlete types. An Accessory Stimulus Effect, or a speeding of reaction time with 

the concurrent presentation of auditory and visual stimuli, occurred in all participants on 

all congruent Stroop trials that presented a startle stimulus. There was a further reduction 

in response time on congruent Stroop trials with a prepulse stimulus preceding a startle 

stimulus, providing evidence for the modulation of task performance through prepulse 

stimuli.  
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CHAPTER ONE: INTRODUCTION 

 This chapter introduces the concepts that are applied in this thesis research to help 

answer the following question: How does startle reactivity affect cognitive task 

performance, and how does this differ in various groups of college students? A specific 

group of people, college student-athletes with repetitive head impact exposure, is of 

particular interest in the later part of this research. Exposure to repetitive head impacts 

might explain some differences in startle reactivity and task performance between groups 

of college students. Independent of testing groups, the timing with which acoustic stimuli 

are presented should have an effect on the outcome of cognitive task performance. To test 

these hypotheses, a testing paradigm including different types of acoustic and visual 

stimuli was employed with college students in order to observe the effect of acoustic 

startle parameters on visual Stroop Test performance, and how this might differ between 

groups of college students. Before describing these studies in their entirety, this chapter 

presents a background of startle reactivity, the Stroop Test, and repetitive head impact 

exposure to inform the reasoning behind the methodologies used in this study.  

Part One: Startle Reactivity 

The Acoustic Startle Response  

The acoustic startle response is a defensive brainstem reflex that can be elicited 

by presenting a sudden and intense auditory stimulus to an individual, which will cause 

them to blink in response (Koch, 1999). The magnitude of an individual’s eyeblink can 

be measured using electrodes placed on the face below the eye, which measures 

electromyogram (EMG) activity of the orbicularis oculi muscle surrounding the eye. This 

muscle also provides information about the response onset latency, response amplitude, 
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and response probability. The processing of and the response to the startle stimulus 

happens unconsciously and much faster than an individual can cognitively process the 

occurrence of a startling stimulus (Koch, 1999). Therefore, the startle response is a 

reliable physiological measure that cannot be faked by an individual. This behavior is 

extremely beneficial, as from an evolutionary perspective it serves the purpose of shifting 

attention toward sudden and potentially dangerous stimuli. Findings from studies using 

startle are reliable, and can be used to infer information about other parts of the central 

nervous system. 

The startle response can be elicited by a startling stimulus through acoustic, 

visual, and tactile modalities (Blumenthal et al., 2005). With the use of sound files, visual 

presentations, and air puffs that cause reflexive blinking, the startle response can be 

produced in a laboratory setting in which different types of startling stimuli can elicit a 

startle response. Parameters for startle stimuli can be determined based on rise time, 

intensity, and duration of the startle stimulus, all of which have different effects on startle 

response magnitude, latency, and probability (Berg & Balaban, 1999).  

Prepulse Inhibition of the Startle Response 

The caudal pontine reticular nucleus (nRPC), or the startle center, becomes 

activated with the presence of a startle stimulus, and this activation results in motor 

output in the form of an eyeblink (Fendt, Li, & Yeomans, 2001). This response can be 

reduced or prevented altogether with the presentation of a lead stimulus, or prepulse, 

prior to the startle stimulus (Blumenthal, 1999; Graham, 1975). The pedunculopontine 

tegmental nucleus (PPTg), the part of the startle pathway that inhibits the nRPC, becomes 

activated with the presentation of a prepulse (a weaker stimulus than the startle stimulus) 
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(Lee, Lopez, Meloni, & Davis, 1996). As a result, this activation then decreases the 

magnitude of the startle response by dampening its activity onto the nRPC (Figure 1). 

This reduction or prevention of the startle response is referred to as prepulse inhibition 

(PPI) (Graham, 1975). 

 

Figure 1: Simplified schematic of the acoustic startle pathway. An auditory startle 

stimulus will activate the cochlear root nucleus, which in turn will activate the caudal 

pontine reticular nucleus (nRPC, or the startle center). The nRPC will then project to the 

facial motor neurons, which will then innervate the orbicularis oculi muscle and elicit the 

eyeblink response. The ventral cochlear nucleus is activated by a prepulse stimulus, 

which will then project to the pedunculopontine tegmental nucleus (PPTg). The PPTg 
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inhibits the nRPC and dampens the motor output of the startle response by diminishing or 

eliminating the eyeblink.  

PPI occurs when a weaker stimulus is presented immediately prior to the main 

startling stimulus, which diminishes the magnitude of the startle response or eliminates 

the startle response altogether (Graham, 1975) (Figure 2). Prepulses can occur in multiple 

modalities, but auditory prepulses are especially common. Auditory PPI involves the 

presentation of a noise or a gap in background noise, and occurs when prepulses are 

presented 30-500 msec prior to the presentation of the startle stimulus (Blumenthal, 

1996). Automatic unconscious processing that occurs within the startle center of the 

brainstem is responsible for PPI. The prepulse can be considered as a warning sign that 

the startling stimulus will soon occur, which helps reduce the amount of responding to 

the startle stimulus once that is presented. Even with the repeated presentation of 

prepulses, PPI still occurs and does not habituate (Blumenthal, 1997; Bitsios & 

Giakoumaki, 2005).  

 

Figure 2: Startle stimulus and a normal startle response (left). Prepulse stimulus 

preceding a startle stimulus, and a reduced startle response (right). Dotted line represents 

the onset of the startle stimulus. 
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Sensorimotor gating occurs when the processing of a sensory stimulus is able to 

gate, or filter, the motor output (Powell, Weber, & Geyer, 2012). PPI is a measure of 

sensorimotor gating, as one should be able to tune out certain sensory stimuli and focus 

on directing attention where it is needed in the completion of a task (Braff, Geyer, & 

Swerdlow, 2001). This attentional modulation occurs with increased PPI (Thorne, 

Dawson, & Schell, 2005). A weaker stimulus presented as the prepulse is thought to gate, 

or attenuate, the motor response so that this startle response is inhibited (Braff et al., 

2001). Generally, the more salient the prepulse, the more inhibited the startle response 

will be—PPI will increase as the prepulse is more intense and presented for a longer 

duration. Sensorimotor gating is considered deficient in some clinical populations with 

reduced PPI compared to the PPI results of healthy control subjects (Braff et al., 2001). 

There are failures of inhibitory mechanisms in clinical populations, where the gating of 

attention toward more relevant stimuli is hindered compared to that of healthy control 

subjects.  

The Effect of the Startle Stimulus on Task Performance 

         The startle stimulus itself is known to facilitate cognitive task performance in 

terms of response times on trials when the startle stimulus is presented at the same time 

that a target task stimulus is presented. This facilitation of task responding due to the 

simultaneous presentation of stimuli in both the acoustic and visual modalities is known 

as the Accessory Stimulus Effect (ASE) (Jepma, Wagenmakers, Band, & Nieuwenhuis, 

2008). Cross-modality facilitation occurs when a startle stimulus is presented in another 

modality close in time to the target stimulus (Washington & Blumenthal, 2015).  It has 

been observed that motor activity is modulated by the startle stimulus presented prior to 
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the target stimulus, in that reaction times are decreased, which is caused by the startle 

stimulus and not the startle response (Blumenthal, Reynolds, & Spence, 2015). In fact, 

the presentation of a startle stimulus actually facilitates reaction time and enhances 

performance (Blumenthal, 2015). 

The Effect of the Startle Response on Task Performance 

         Typically, the startle response will hinder performance on a cognitive task 

(Washington & Blumenthal, 2015). Even though a startle stimulus can serve as an 

accessory stimulus, if it is presented at too long an interval before the onset of the target 

stimulus, the startle response will interfere with the task response facilitation that would 

have occurred had the startle stimulus been presented at the same time as the target 

stimulus, thus indicating a lack of the ASE (Washington & Blumenthal, 2015). If a startle 

stimulus is presented during a task while cognitive stimuli are being presented, the startle 

stimulus takes precedence in processing, meaning that the response to the startle stimulus 

will disrupt processing of the cognitive stimuli and therefore interrupt task performance.   

A study conducted by Thackray and Touchstone (1970) looked at the recovery of 

motor performance on a task after the elicitation of a startle response. The startle 

response has an impact on the motor output in task responding, since this study found that 

the brain takes about 0.3-1.5 seconds for full startle reflex recovery (Landis & Hunt, 

1939, cited in Thackray & Touchstone, 1970), which causes a disruption in task 

performance within the first five seconds following the response (Thackray & 

Touchstone, 1970). They also had the common finding of longer reaction times in 

responding after reacting to the startle stimulus. Additionally, this study considered the 

level of proficiency in task performance, as those who were more proficient in the task 
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experienced less disruption in task completion following the startle response. The main 

finding from this study was that task performance was most disrupted in the first five 

seconds after the elicitation of a startle response, but that responding eventually 

recovered, with fewer errors on the task as the startle response habituated (Thackray & 

Touchstone, 1970). 

         Washington and Blumenthal’s (2015) study showed that the startle response 

attenuated the ASE. While this study showed that the startle stimulus facilitated 

responses in task performance, it also showed that the attenuated startle response as a 

result of PPI slightly improved performance in a go/no-go task. This is further evidence 

that the response itself interrupts an ongoing cognitive or motor process, which then 

interferes with accurate task responding. 

The Interruption and Protection Hypotheses 

Considering the effects of the startle response on task performance, the 

Interruption Hypothesis states that the startle response interrupts the ongoing processing 

of stimuli (Blumenthal, 2015). While cognitive processing gets interrupted, the ASE is 

also attenuated when a larger startle response occurs (Blumenthal et al., 2015). The first 

evidence was seen for this hypothesis in an experiment conducted by Norris and 

Blumenthal (1996), where task accuracy was higher on trials that exhibited PPI and lower 

on trials that did not exhibit PPI (Norris & Blumenthal, 1996). This is due to the startle 

response interrupting accurate task performance when PPI was not present to attenuate 

the startle response (Blumenthal, 2015). Similarly, they found that having smaller startle 

responses relative to baseline responding did not disrupt task performance or processing 

of the prepulse to the same extent that a normal startle response would have inflicted on 
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task performance and prepulse processing, which further supports the Interruption 

Hypothesis (Blumenthal et al., 2015). 

         The Protection Hypothesis states that the purpose of PPI is to protect the 

processing of the prepulse, since the startle response will have interrupting effects on this 

processing (Blumenthal, 2015). PPI might also function to protect the processing of the 

actual startle stimulus in addition to the prepulse (Blumenthal et al., 2015). This 

hypothesis suggests that automatic processing occurs to both identify the prepulse and 

inhibit the response that results from the startle stimulus (Blumenthal et al., 2015). This 

specifically relates to task performance because, if there is evidence for this hypothesis, 

there should be improved performance on a task like the Stroop Test, in which prepulses 

decrease startle reactivity through PPI, and therefore decrease the amount of processing 

interruption caused by the startle stimulus. 

Part Two: The Stroop Test 

         The Stroop Test is a cognitive test of executive function, reaction time, 

information processing speed, attention, cognitive flexibility, working memory, and, most 

importantly, cognitive interference inhibition (Scarpina & Tagini, 2017). Cognitive 

interference occurs when processing two different attributes of one stimulus 

simultaneously, which in this case is the processing of an incongruent Stroop trial 

(Scarpina & Tagini, 2017). Stroop trials typically consist of words, usually names of 

colors, presented in two different conditions: congruent and incongruent. Congruent trials 

occur when both attributes of the stimulus agree, such as the word “red” presented in the 

color red. Incongruent trials occur when both attributes of the stimulus do not agree, such 

as the word “red” presented in another color. The Stroop Test is used in a variety of test 
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batteries like the Symbol Digit Modalities Test (information processing speed) and the 

Token Test (auditory comprehension) (Nordlund, Pahlsson, Holmberg, Lind, & Wallin, 

2011), in addition to the Boston Naming Test (word retrieval), Digit Span Test (short-

term memory), and the Wechsler Memory Scale (memory) (Krueger, Wilson, Bennett, 

Aggarwal, 2009) to assess neuropsychological conditions including disorders of 

attention, memory, and mood. Because the Stroop Test requires the test-taker to name the 

color of a word stimulus, this test also probes language. Studies have shown how test 

takers have relied on lexical access and phonological processing to name color words in 

various languages, and that the Stroop Effect is seen across languages (Sumiya & Healy, 

2004; Marian, Blumenfeld, Mizrahi, Kania, Cordes, 2013).  

 Because the Stroop Test requires inhibitory control, the test involves the frontal 

cortex in successful task completion. Researchers have shown how the frontal cortex is 

largely implicated in completion of the Stroop Test through fMRI studies of individuals 

taking the Stroop Test in the conventional incongruent condition. This specifically 

showed that the interference was taking place in the ACC, insula, premotor cortex, and 

dorsolateral prefrontal cortex (Leung, Skudlarski, Gatenby, Peterson, & Gore, 2000; 

Song & Hakoda, 2015). Greater activation of the ACC is observed for incongruent Stroop 

trials where test-takers have to inhibit the automatic response to read the word stimulus, 

which shows the role of the ACC in conflict monitoring and how it is most activated 

where conflict monitoring is high (MacDonald, Cohen, Stenger, & Carter, 2000). 

Additionally, studies utilizing transcranial magnetic stimulation have shown the 

involvement of the ACC and left dorsolateral prefrontal cortex in reducing reaction times 

and abolishing cognitive interference (Hayward, Goodwin, & Harmer, 2004; 
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Vanderhasselt, Raedt, Baeken, Leyman, & D’haenen 2006; Li, Wang, Jia, Guo, Wang, & 

Wang, 2017).  

Administration of the Stroop Test 

The Stroop Test is traditionally administered in three parts (Scarpina & Tagini, 

2017). The first part consists of the presentation of words of colors, like “red,” “blue,” 

“green,” etc., which are presented in black ink. The test taker is required to simply read 

the words that appear in a 45-second time period (Bitsios & Giakoumaki, 2005). The 

second part consists of a presentation of a series of shapes or patterns, such as a line of 

Xs, which are presented in various colors of ink. The test taker must name the color in 

which these shapes appear in a 45-second time period. The third part consists of the 

presentation of words of colors, all of which are presented in either the color of the actual 

word presented (congruent) or in another color (incongruent). The test taker must name 

the color of the word while inhibiting the automatic response to read the actual word in a 

45-second time period. Naming the color of the word instead of reading the word is a less 

automated response, which is how the amount of cognitive interference is measured on an 

individual basis. Hence, the interference that occurs from wanting to use a more 

automated response, reading over color naming, is called the Stroop Effect (Stroop, 

1935). The Stroop Effect can be observed with the longer latency to produce the correct 

response. 

Scoring the Stroop Test 

The literature shows that there are many ways to score the results of the Stroop 

Test, with no particular single best method. The most globally recognized way of scoring 

the test is using Golden’s method (Golden, 1978). Golden’s method uses the score from 
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word reading (W, or the number of words read), the score from color naming (C, or the 

number of color words named), and the score from color naming while ignoring the color 

word (CW, or the number of color words named) from a 45 second period for each 

condition. The C and W scores are used together to determine the predicted CW score, 

using the formula CW = (W x C) / (W + C) (Golden, 1978, cited in Chafetz & Matthews, 

2004). For example, obtained CW scores can range from 44 to 47 in controls and clinical 

groups using the Golden method, based on findings from a study comparing scoring 

methods (Chafetz & Matthews, 2004). Once the predicted CW score is determined, the 

interference score can be calculated by subtracting the predicted CW score from the 

obtained CW score, which results in a difference score. A positive difference score 

indicates the ability to inhibit word reading during the task, while a negative difference 

score indicates greater Stroop interference (Golden, 1978, cited in Chafetz & Matthews, 

2004). 

In Scarpina and Tagini’s analysis of over 40 ways the Stroop Test has been 

scored, many differences were found between methods and some disagreement exists 

over which method is more accurate and reliable (Scarpina & Tagini, 2017). Some of 

these studies only looked at completion time, while others only looked at the number of 

errors on trials. There were also some studies that looked at both completion time and 

accuracy, and other studies that did not consider completion time but rather reaction time 

while administering a fixed number of trials. When scoring the test, it is important to look 

at a combination of these factors in assessing task accuracy, processing speed, or both, 

especially the number of correct responses in a fixed time period (Scarpina & Tagini, 

2017).  
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Stroop Test Performance 

It is typical to have faster response times and more accuracy on trials that are 

congruent. This effect is especially seen when the preceding trial is also congruent (Lorist 

& Jolij, 2012). This response pattern is the same for incongruent trials, where response 

times are faster and more accurate when an incongruent trial follows another incongruent 

trial (Lorist & Jolij, 2012). The preceding trial will have a lesser effect on the response 

pattern of the current trial, regardless of the type of the preceding trial, when the inter-

trial interval is longer than 700 msec (Lorist & Jolij, 2012). Adults experience more 

Stroop interference than younger children since, with time, reading becomes a more 

automated cognitive process (Davidson, Zacks, & Williams, 2003). Reading ability 

should be considered when administering the Stroop Test, as it can have an effect on the 

amount of inhibition required (Scarpina & Tagini, 2017). Practice effects can also be 

observed with the presentation of multiple Stroop trials, which underscores the 

importance of randomizing Stroop word stimuli during testing (Scarpina & Tagini, 2017). 

One final consideration for Stroop Test performance would be the detrimental effects of 

cognitive impairment, such as in traumatic brain injury. Concussion, a type of traumatic 

brain injury, can impair performance on the Stroop Test when areas of the brain 

associated with successful task completion are damaged during injury.  

Part Three: Repetitive Head Impacts 

Little long-term research has been conducted on the effects of repetitive head 

impacts (RHI) and subconcussion. Most studies have closely examined individuals with a 

diagnosis of concussion, and these studies also contain many inconsistencies and varied 

results. Many different methodologies have been implemented across studies to look at 
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brain structure and function as well as cognitive performance in individuals with head 

impact exposure. Since most of the literature on RHI does not explicitly exclude the 

diagnosis of concussion in the analyses, both subconcussion and concussion will be 

discussed in order to demonstrate the severity and long-term outcomes of RHI in athletes. 

Subconcussion 

Subconcussion is characterized as multiple, less intense impacts to the head that 

do not result in the diagnosis of a concussion. Studies show that the effects of 

subconcussion show concussion-like symptoms such as dizziness, headache, and fatigue 

over time. This raises the question of the significance of subconcussive blows and their 

effects on cognitive and executive function in an individual. Little research has been 

conducted on the effects of subconcussive blows, due to the lack of standardized methods 

that can produce reliable and consistent results across studies.  

Subconcussion is commonly defined as a “cranial impact that does not result in 

known or diagnosed concussion on clinical grounds,” (Bailes, Petraglia, Omalu, Nauman, 

& Talavage, 2013, p. 1236) and that cumulative exposure to RHI is the main cause of 

subconcussion (Mainwaring, Ferdinand Pennock, Mylabathula, & Alavie, 2018). A 2018 

systematic review conducted by Mainwaring and colleagues examined studies that 

quantified subconcussion and found mixed results on the detrimental effects of 

subconcussive blows to the head and the characterization of subconcussion. Most of the 

studies that they reviewed had results of structural changes to the brain, changes in 

working memory capacity, changes in some metabolite concentrations in the brain, and 

deficits in neurocognitive testing, although all of these findings need more consistency 

across studies using the same methodologies (Mainwaring et al., 2018). Many researchers 
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argue that the effects of subconcussion do not warrant a clinical treatment approach, since 

not enough evidence is shown to prove salient neurocognitive deficits; however, recent 

findings provide evidence for multiple areas of functional and cognitive decline in 

athletes experiencing RHI. Mainwaring and colleagues address the fact that the findings 

in their review may not be distinct from results of concussion diagnoses, and that findings 

on subconcussion could be related to undiagnosed concussions. Due to many 

discrepancies found within the literature that lacks an operational definition of the term 

“subconcussion,” use of terminology such as “repetitive head impacts” is advised since 

this provides more precision than the term “subconcussive head impacts,” which could 

refer to any type of head impact that does not result in a diagnosis of concussion 

(Mainwaring et al., 2018). 

Concussion 

Concussion is defined as a traumatic brain injury caused by biomechanical forces 

directed at the head, neck, or face, resulting in a spectrum of neurological impairments 

(McCrory, et al., 2017). A sports-related concussion is caused by a blow to the head, 

neck, or face transmitting a force to the head which results in short-lived neurological 

impairments that either resolve in time or result in prolonged neuropathological 

symptoms (McCrory et al., 2017). Depending on the severity of the head impact, the 

injury can be classified as a coup-contrecoup injury, in which the impact is due to 

acceleration forces great enough to cause a contusion on the site of impact and directly 

opposite the site of impact (Payne & Payne, 2019). Impacts greater than a linear 

acceleration of 98g exceed the threshold for the presence of concussive symptomatology 

according to studies assessing head impact force with various forms of technology, 
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including the Head Impact Telemetry System (HITS) (Urban et al., 2013). For context, 

impacts greater than or equal to 50g in car crashes are enough to cause traumatic brain 

injuries in crash victims (Weaver, Sloan, Brizendine, & Bock, 2006); daily activities as 

simple as collapsing down backwards quickly into a chair can result in up to 5.6g of 

horizontal acceleration (Allen, Weir-Jones, Motiuk, Flewin, Goring, Kobetitch, & 

Broadhurst, 1994); and accelerations of roller coasters are said to be between 4-6g (Smith 

& Meaney, 2002).  

In order to standardize and control concussion management, the 5th International 

Conference on Concussion in Sport formed the 11 ‘R’s’ of concussion management in 

2016: recognize, remove, re-evaluate, rest, rehabilitation, refer, recovery, return to sport, 

reconsider, residual effects and sequelae, and risk reduction. The most common 

symptoms following a SRC are headache, dizziness, memory loss, confusion, loss of 

consciousness, balance problems, nausea, vomiting, and fatigue. For sideline assessment 

of SRC, the Sport Concussion Assessment Tool (SCAT) and Standardized Assessment of 

Concussion (SAC) are the most commonly used instruments to assess attention and 

memory function as part of a neuropsychological battery of testing, which include a self-

report of symptoms that is used along with video footage and other types of field testing 

to verify the diagnosis of concussion (McCrory et al., 2017). SRC can also be assessed 

via functional magnetic resonance imaging (fMRI), diffusion tensor imaging (DTI), 

cerebral blood flow (CBF), magnetic resonance spectroscopy (MRS), and 

electrophysiology, and these evaluative techniques can be used to assess physiological 

changes in brain structure and function (McCrory et al., 2017). SRC is associated with an 

increased risk of depression, early onset Alzheimer’s disease, dementia, cognitive 
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impairment, and chronic traumatic encephalopathy (Tremblay, Pascual-Leone, & 

Theoret, 2018). 

Behavioral Neurocognitive Tests 

         Sideline concussion testing involves a battery of behavioral tests that measure 

coordination, balance, vision, eye tracking, and memory. A healthcare provider or athletic 

trainer usually asks a series of questions of the athlete to assess their memory and 

cognition, such as asking about the current month or the current president. Athletes are 

also asked to remember a series of words in a particular order as part of a verbal recall 

task in the assessment of working memory, where a list of words is given at the 

beginning of the testing session and requires accurate recall at the end of the testing 

session.  To assess vision, athletes are told to follow a stimulus with their eyes, and the 

healthcare provider will move the stimulus around to examine eye tracking abilities and 

peripheral vision. To assess balance and postural control, athletes are asked to stand in a 

stance with feet hip-width apart for ten seconds, as well as to balance on their dominant 

and nondominant foot for ten seconds to examine the amount of sway they exhibit. They 

are also asked to walk heel-to-toe in a straight line for a short distance. To measure 

coordination, athletes are asked to stand on their dominant foot with their eyes closed and 

to move their fingertips to their nose in an alternating fashion. All of these measures 

make up a short battery of behavioral tests that are commonly used in sideline concussion 

assessment. They are co-administered with the SCAT-2 or SCAT-3, a questionnaire that 

measures the severity of common symptoms associated with concussion (ACMC Health, 

2012). 
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Computerized Neurocognitive Tests 

         Three of the most popular commercially available computerized neurocognitive 

tests (CNTs) include the Automated Neuropsychological Assessment Metrics (ANAM), 

Concussion Vital Signs (CVS), and Immediate Post-Concussion Assessment and 

Cognitive Test (ImPACT) (Resch, Schneider, & Cullum, 2018). A 2018 study assessed 

the test-retest reliability of these measures when using clinically relevant time points of 

repeated administration, and the authors note that these CNTs must be used in 

conjunction with other measures in concussion management protocol (Resch et al., 2018). 

These measures cannot be used as a stand-alone tool in concussion assessment, since 

each CNT has different measurement properties (Resch et al., 2018). Such properties 

include 10 subtests to measure reaction time, information processing and memory in the 

ANAM, seven subtests to measure reaction time, memory, accuracy, and attention in the 

CVS, and eight subtests to measure attention, memory, reaction time, and information 

processing speed in the ImPACT (Resch et al., 2018). 

Neuroimaging   

Computerized tomography (CT) and magnetic resonance imaging (MRI) are the 

most standard and conventional neuroimaging methods to assess sports-related 

concussion, due to their ability to detect skull fractures and hemorrhagic abnormalities 

(Bigler, 2018). Advanced magnetic resonance-based neuroimaging is better able to detect 

subtle neuropathologies resulting from SRC that other methods are not able to reveal, 

such as the shearing of white matter pathways, a symptom commonly associated with 

mild traumatic brain injury (Narayana, 2017). This technology therefore may be able to 

distinguish and confirm that post-concussive symptoms are in fact due to neuropathology 
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and not due to preexisting neurological conditions (Bigler, 2018). Vulnerable and 

affected areas from SRC include upper brainstem structures, pituitary, hypothalamus, 

basal ganglia, corpus callosum, cingulate gyrus, and deep white matter, all of which can 

be further observed with advanced imaging techniques (Bigler, 2018). Network damage 

can also be detected from disruption of specific tracts, such as callosal tracts responsible 

for maintaining and activating the default mode network (Bigler, 2018).  Diffusion tensor 

imaging (DTI) reveals microstructural information about the brain, especially showing 

alterations in white matter integrity along specific tracts (Bigler, 2018). Multimodality 

MR-based neuroimaging integrates structural and functional techniques such as magnetic 

resonance spectroscopy (MRS), DTI, and cerebral blood flow (CBF) in order to get a 

holistic evaluation (Bigler, 2018). Although these techniques can provide further insight 

into the extent of damage from RHI and concussion, further research that fully utilizes 

this methodology of testing is necessary. 

Effect of Practice Structure and Cumulative Head Impact Analysis 

A study assessing youth football practice structures found that athletes ages 9-12 

experienced similar linear and rotational acceleration magnitudes and impact frequencies 

compared to high school and college athletes (Cobb et al, 2013). Several factors 

contributing to the high magnitude of head impacts in these youth players were noted, 

including rule changes, special teams plays, number of games in the season, player skill, 

and coaching style (Cobb et al., 2013). All of these factors influence the amount of head 

impact exposure that a youth athlete will experience and will also differ across teams. It 

is plausible that some teams and their coaches are not implementing safer strategies 

during practices, putting youth athletes at greater risk for more long-term damage. 
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Knowledge from this study can help guide the creation of better practice structures that 

limit the amount of contact in practices, since the amount of contact and head impact 

exposure in practices and games did not significantly differ (Cobb et al., 2013).   

Another study quantified head impact exposure throughout an entire high school 

football season while also developing a novel cumulative exposure metric to analyze the 

number and severity of hits to the head over the season (Urban, et al., 2013). Risk-

weighted cumulative exposure was higher for practices than for games, which is another 

indication to develop safer practice guidelines that would limit RHI (Urban et al., 2013). 

Frequency and severity of head impacts were comparable to that of collegiate athletes 

based on the data collected from the cumulative exposure metric, with 45% of the 

distribution of impacts at the front of the helmet (Urban et al., 2013). Additionally, 

although the mean number of head impacts per game was higher, median exposure was 

higher during practice (Urban et al., 2013). This suggests that greater exposure to high 

level impacts occurs during practice, most likely because the duration of practices are 

longer than the duration of games. Another possible explanation for why head impact 

exposure is higher for practices than for games may be due to athletes needing to impress 

their coaches in order to gain playing time for games, as well as to gain enough practice 

so that plays can be implemented during games. All of these factors put the athlete at a 

greater risk for head impact exposure. 

An additional study assessed head impact exposure in collegiate versus high 

school football players (Schnebel, Gwin, Anderson, & Gatlin, 2007). This study found 

that close to 80% of head impacts were less than 30g in college athletes (Schnebel et al., 

2007). While college athletes experienced more impacts greater than 60g compared to 
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high school athletes, both college and high school players only received more hits with 

impacts greater than 60g relative to their playing position (Schnebel et al., 2007). That is, 

while college athletes do experience more head impacts, the number of head impacts 

sustained by both college and high school athletes was dependent on their player position 

(Schnebel et al., 2007). For example, offensive linemen were found to experience the 

greatest number of impacts in both high school and collegiate athletes, but these impacts 

were of lower magnitude compared to quarterbacks, running backs, or wide receivers 

(Schnebel et al., 2007). The main finding from this study was that fewer high-magnitude 

acceleration impacts were found in college players in offensive positions compared to 

skilled player positions (Schnebel et al., 2007). 

Part Four: Research Objectives and Hypotheses 

The purpose of this research is to test whether the startle response can be used as a 

reliable measure to detect differences in PPI and Stroop Test performance in subjects 

with varying degrees of head impact exposure. By looking at reaction time and accuracy 

on the Stroop Test, as well as startle magnitude and probability from the elicited startle 

responses, PPI and cognitive performance in athletes with RHI exposure can be assessed. 

There may be underlying neurological mechanisms that are affected by head impacts over 

time, possibly influencing the PPTg and nRPC of the startle circuit, as well as the ACC, 

which can modulate this circuit. The level of PPI is currently unknown in groups of 

athletes who differ in their amount of exposure to head impacts. The present research 

takes the relationship between startle, PPI, and Stroop Test performance and assesses 

these differences between contact athletes and noncontact athletes. The aim is to test 

whether individuals who have more exposure to head impacts will present with more 
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impaired PPI and poorer Stroop Test performance than individuals with no head impact 

exposure.  

Both task accuracy and response times on the Stroop Test were assessed in all 

studies. We are not aware of any studies that have been conducted examining the startle 

paradigm on a trial-by-trial basis using the Stroop Test. This research examined Stroop 

Test performance in the presence or absence of acoustic startle stimuli and lead stimuli. 

Reaction time and accuracy was measured on each task trial, in addition to the amount of 

startle response inhibition and startle response magnitude on each startle trial. Trials 

throughout the study block included the presentation of Stroop stimuli, lead stimuli, and 

startle stimuli presented either alone or in some combination. This study design was 

created to address the questions of how much PPI occurs with the presentation of acoustic 

and lead stimuli, whether there are significant differences in PPI and task performance 

between athletes and control participants, and how cognitive task performance is affected 

by the startle stimulus and the startle response. 

Based on multiple studies examining mild traumatic brain injury (mTBI) and 

startle reactivity in both rat and human subjects (Wiley et al., 1996; Saunders, McDonald, 

& Richardson, 2006; Washington et al., 2012; Williams & Wood, 2012; Pang et al., 

2015; Liska, Lee, Xu, Sanberg, Borlongan, 2018; Wright et al., 2018), it was 

hypothesized that there would be a suppression of startle response magnitude in 

individuals with more head impact exposure relative to controls in this research. Pang and 

colleagues showed that startle response probability and magnitude were both suppressed 

in rats with mTBI, both 24 hours and 21 days after time of injury (Pang et al., 2015). This 

suggests that similar results could be seen in humans with comparable injuries, especially 
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through participation in sports with heavy contact and the potential for a concussive 

event. There may be a disruption in the underlying neural circuitry involved in the 

execution of the startle response, such as severed connections due to tract shearing from 

head injuries. These disrupted connections may begin at the level of the cochlear nucleus, 

or have downstream effects at the level of the nRPC, either of which would cause a 

suppression of the startle response (Pang et al., 2015). The fact that rats injured at the 

level of the cortex showed a suppression in startle responding, a brainstem-regulated 

response, suggests that there may be a connection between cortical injuries and brainstem 

function (Pang et al., 2015).  

For this research, it was also predicted that PPI would be decreased as a result of 

head impact exposure, as shown in studies investigating PPI of the acoustic startle 

response in rats with mTBI (Wiley et al., 1996; Heldt et al., 2014). This is because the 

resulting damage from mTBI could be having an effect on the necessary connections for 

sensorimotor gating through PPI, especially if there are severed links to the PPTg that 

would normally facilitate PPI. Translating these findings to humans and assuming that 

head impact exposure in sports could lead to mTBI, PPI between athlete groups could 

possibly differ significantly. If this is the case, PPI could be used as an additional 

operational measure of sensorimotor gating in concussive symptomatology.  

Across all studies and in all testing groups, it was expected that an ASE would 

occur on trials that present a startle stimulus at the same time that a Stroop word is 

presented. That is, faster reaction time is predicted to occur on these specific trials during 

the testing block. In these studies, the word stimuli in the Stroop Test serve as the visual 

targets, while the startle stimuli serve as the auditory accessory stimuli in the task. 
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Results from this study could further support the findings from previous studies on how 

task responding is affected by the presentation of a startling stimulus. 

RHI and resulting concussions may disrupt and shear subcortical white matter 

pathways associated with the frontal cortex important in Stroop performance (Stuss & 

Gow, 1992), so it is reasonable to expect that individuals with head impact exposure will 

also do worse on this test compared to healthy controls. This would be explained by a 

disruption in the necessary connections for successful Stroop performance. Additionally, 

a more prominent ASE would be expected in healthy controls compared to individuals 

with head impact exposure, since task performance may be negatively affected as a result 

of head impact exposure. 
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 CHAPTER TWO: STROOP STUDY 1 AND STROOP STUDY 2 

Introduction 

The first two studies were conducted to examine the effects of startle reactivity on 

cognitive task performance in healthy college students. As mentioned previously, 

acoustic stimuli, presented as prepulses and startle stimuli, can modulate task 

performance on the Stroop Test. Prepulses and startle stimuli may have different effects 

on Stroop Test performance in terms of reaction time and accuracy on the task. There is 

also potential for an ASE, a speeding of reaction time with the concurrent presentation of 

a visual target and an intense auditory stimulus, to occur on trials presenting both 

acoustic startle and visual Stroop stimuli at the same time.  

Study Objectives 

The objective of Stroop Study 1 and Stroop Study 2 was to analyze individual 

startle reactivity, and to observe whether the ASE would occur during a simplified Stroop 

Test administered during a startle testing block. The studies differ by the types of stimuli 

presented during the testing block (which is explained in detail in the Methods section), 

in order to ask this question: Independent of the startle stimulus, does the prepulse have 

any effects on the ASE during Stroop Test completion?  

Study Hypotheses 

Prepulse inhibition was expected to occur on all trials with a prepulse preceding a 

startle stimulus. The ASE was expected to occur on trials with both startle stimuli and 

prepulse + startle stimuli preceding Stroop stimuli. This would be due to the concurrent 

presentation of these stimuli, causing a speeding of reaction time (Washington & 

Blumenthal, 2015). Based on previous studies, it was predicted that this ASE may also be 
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enhanced in trials with a prepulse + startle stimulus preceding the Stroop stimulus 

(Washington & Blumenthal, 2015). This is because the prepulse preceding the startle 

stimulus will decrease startle reactivity due to prepulse inhibition. Therefore, with 

prepulse inhibition, there should be less of an interrupting effect that the startle response 

would impose on cognitive task performance.  

Methods 

Participants 

 Ninety college students, ages 18-22, took part in the two studies; however, some 

participants were excluded from the data analysis due to their inability to exhibit a startle 

response on any startle habituation trials (N = 8 in Stroop Study 1, N = 3 in Study 2) 

and/or due to an inadequate understanding of the Stroop Test instructions (N = 5 in Study 

1, N = 5 in Stroop Study 2). Twenty-two males and 20 females participated in Study 1 (N 

= 42), and eight males and 40 females participated in Stroop Study 2 (N = 48).  

Recruitment. Participants were recruited through the Sona Systems online portal 

at Wake Forest University, and participants earned one hour of course credit for their 

Introductory Psychology class.  

Inclusion and exclusion criteria. Participants were not divided into particular 

testing groups. If participants experienced any prior hearing loss or damage, had tubes 

inserted into their eardrums at any point, or suffered from a cold that affected their 

hearing at the time of testing, they were excluded from the study. If participants were 

taking medications such as antidepressants, anxiolytics, or benzodiazepines, they were 

excluded from the study.  
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Materials 

 Forms. All participants completed an Informed Consent form describing the 

study. Once consent was obtained, participants filled out a Health History Questionnaire, 

which asked basic questions about demographics, medical conditions, and medications. 

Lastly, they were asked to fill out a DSM Self-Report ADHD Checklist, which asked 

questions about inattentive and impulsive symptomatology of ADHD (American 

Psychiatric Association, 2013), and an ADHD Diagnosis and Medication Questionnaire, 

which asked questions about diagnosis history and medication use.  

Electrode preparation and placement. Participants had the skin underneath their 

left eye and left temple cleaned with a Q-tip dipped in 70% isopropyl alcohol (rubbing 

alcohol) in order to remove any dirt, oil, or makeup that would interfere with the eyeblink 

recordings. Next, three Ag/AgCl electrodes (4 mm contact area; Gereonics Inc., Irvine, 

CA) were fitted with an adhesive collar (Gereonics, Irvine, CA) and filled with 

conducting paste (Brain Vision, LLC, Morrisville, NC). Two of the prepared electrodes 

were placed onto the skin underneath the left eye (nasal and temporal electrodes) and the 

other prepared electrode was placed onto the left temple (ground electrode). The wires of 

these electrodes were then tucked behind the left ear of the participant so that they would 

not be touched or moved during the testing period. The electrodes were plugged into the 

EMG 100 amplifier connected to the Biopac MP150 (Biopac Systems, Goleta, CA) data 

acquisition hardware.  

Equipment and software programs. The electrodes connected to an EMG 

amplifier, with filters passing 1-500 Hz and sampled at 1000 Hz by a Biopac 150 

workstation, running the Biopac MP150 AcqKnowledge hardware program. This 
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collected the raw EMG at a 1000 Hz rate, and later filtered the EMG using a passband of 

28-500 Hz, which was then rectified and smoothed with a five sample boxcar filter 

(Blumenthal, Cuthbert, Filion, Hackley, Lipp, & Boxtel, 2005). The Cedrus Superlab 6.0 

(Cedrus Corporation, San Pedro, CA) software program was used for the presentation of 

startle stimuli (i.e. white noise bursts as startle and prepulse stimuli) and cognitive task 

stimuli (e.g. visual Stroop words). Startle stimulus trials consisted of 50 millisecond 

bursts of white noise at 100 decibels with an instant rise time and fall time. Prepulse 

stimulus trials consisted of 30 millisecond bursts of white noise at 70 decibels with an 

instant rise time and fall time. Prepulse + startle stimulus trials combined both the 

prepulse and startle stimulus duration and intensity into each trial with a lead interval of 

120 msec. Visual Stroop word trials consisted of the words “blue” and “red” presented in 

the colors blue and red, and these word stimuli were presented in 36 point Arial font (1.0” 

x 0.5” for “blue” and 0.8” x 0.5” for “red”) on the center of a white screen (17-inch Dell 

E1715S monitor display, 1280 x 1024 at 60 Hz) for 1000 msec. This screen was situated 

about three feet directly in front of where the participant was sitting during testing. In the 

researcher’s room beside the participant testing room, a photoplethysmograph sensor 

(Biopac Systems, Goleta, CA) was placed in the center of an additional screen (23.6” 

ASUS VH242H monitor display, 1920 x 1080 resolution) in order for the Biopac 

recording to mark the onset of visual word stimulus presentation. A fixation mark (black 

plus sign) was presented in the center of the screen during intertrial intervals. The 

intertrial interval between trials during the testing block ranged from 8-12 seconds, with 

an average intertrial interval of 10 seconds. Responses on trials containing the cognitive 

task stimuli were recorded through a Cedrus RB-610 response pad (Cedrus Corporation, 
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San Pedro, CA). Acoustic startle and prepulse stimuli were passed through a PreSonus 

HP4 amplifier, then delivered to participants via headphones (Sennheiser PX200 in 

Stroop Study 1; Labtec LT-820 in Stroop Study 2). Acoustic startle and prepulse stimuli 

were created by Audacity 2.3.3 software (Audacity Team) and calibrated to the desired 

intensities using a Quest 215 sound level meter (Quest Technologies). 

Simplified Stroop Test. The simplified Stroop Test was given to participants 

through a single testing block with intermingled startle trials. Participants were presented 

with congruent and incongruent Stroop word trials with the color words “blue” and “red” 

in the colors blue and red. Figure 3 is a visual representation of the Stroop word stimuli 

presented during the test. Participants were instructed to press a key on a response pad 

that corresponded with the color of the word stimulus. The response pad consisted of 

color keys on both the two left-most and two right-most keys. The researcher told 

participants to respond on the task using their dominant hand. Prior to beginning the 

testing block, the researcher thoroughly explained how to successfully complete the 

simplified Stroop Test by presenting the participant with four cards of each of the Stroop 

word stimuli they would see on the test. The researcher ensured that the participant knew 

to press the button on the response pad that represented the color of the word stimulus 

flashed before them.  
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 BLUE RED  

BLUE  RED 
Figure 3: Example of the visual Stroop word trials presented during the simplified Stroop 

Test. 

Procedure 

 Participants were informed of the aims of the study. Next, they completed all 

necessary paperwork to ensure eligibility for participation. The researcher then placed 

electrodes onto the skin and fitted headphones onto the participant. Prior to presenting the 

startle stimuli and administering the simplified Stroop Test together in one testing block, 

the researcher conducted a brief demonstration in order to ensure that each participant 

thoroughly understood the instructions of the simplified Stroop Test. The researcher held 

up four cards, one at a time, with each of the different Stroop word stimuli that would 

appear during the test. Participants confirmed that they understood the task by pressing 

the correct color key on the response pad that corresponded with the color of the stimulus 

on the card. Once the testing block was completed, participants were fully debriefed on 

the purpose of the research study and granted their course credit. 

Stroop Study 1. The testing block was preceded by six startle habituation trials. 

This study administered 80 randomly intermingled trials of 10 startle stimulus (SS) trials, 

10 prepulse + startle stimulus (PS + SS) trials, 20 Stroop Word Alone trials, 20 SS + 

Stroop trials, and 20 PS + SS + Stroop trials. Each group of 20 Stroop word trials was 
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composed of five congruent blue trials, five congruent red trials, five incongruent blue 

trials, and five incongruent red trials presented in a randomized order.  

Stroop Study 2. The testing block was preceded by six startle habituation trials. 

This study administered 110 randomly intermingled trials of 10 prepulse stimulus alone 

(PS) trials, 10 SS trials, 10 PS + SS trials, 20 Stroop Word Alone trials, 20 PS + Stroop 

trials, 20 SS + Stroop trials, and 20 PS + SS + Stroop trials. Similar to Study 1, each 

group of 20 Stroop word trials was composed of five congruent blue trials, five congruent 

red trials, five incongruent blue trials, and five incongruent red trials presented in a 

randomized order.  

Data Analysis 

Data for Stroop Study 1 were scored using the Acknowledge software program 

using a scoring protocol created by the Blumenthal lab. Data for Stroop Study 2 were 

scored using the Clip-2 software program (Schulz, Reichert, Richter, Lass-Hennemann, 

Blumenthal, & Schachinger, 2009) using a scoring protocol outlined by Blumenthal and 

colleagues (Blumenthal et al., 2005). All valid startle responses began 20-120 msec after 

the onset of the startle stimulus. Startle response trials containing movement artifact, 

spontaneous blinks, or excessive noise were excluded from the analysis of startle 

reactivity. Participants who had habituation trials with a response probability of zero in 

either block of testing were also excluded from the analyses (N = 11). For all trials 

containing a startle stimulus, startle response magnitude was measured by taking the 

difference between the response peak (20-150 msec) and response onset (20-120 msec). 

Once the data were scored for each participant, the responses were analyzed in SPSS 24 

and 25. Descriptive statistics and repeated-measures analyses of variance (ANOVA) were 
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conducted for comparisons of the inhibition of startle magnitude and startle probability, 

as well as for comparisons between Stroop trials across relevant stimulus conditions, 

using an alpha level of 0.05.  

Calculation of PPI. The amount of prepulse inhibition of startle magnitude was 

calculated for each condition in each participant by subtracting the mean startle 

magnitude of the control trials (trials containing only a startle stimulus) from the mean 

startle magnitude of the prepulse trials (trials containing a prepulse stimulus preceding a 

startle stimulus), and then this value was divided by the mean magnitude of the control 

trials. This calculation results in a proportion of inhibition for each prepulse stimulus 

condition and controls for individual differences in baseline startle reactivity. Negative 

values resulting from the calculation of PPI indicate inhibition of the startle response. The 

amount of prepulse inhibition of startle probability was calculated in a similar fashion, by 

subtracting the startle probability of the control trials from the startle probability of the 

prepulse trials. For the analysis of PPI, a repeated-measures ANOVA was conducted to 

examine the amount of PPI of startle magnitude and PPI of startle probability exhibited 

on trials with prepulse stimuli. There was one independent variable with two levels: 

congruency (congruent and incongruent).  

Accuracy and reaction time. Reaction time and accuracy values were obtained via 

the Superlab 6.0 software program. These values were then recorded for each participant 

and compiled for comparison between stimulus conditions. In Stroop Study 1, a 3 x 2 

mixed repeated-measures ANOVA was conducted for the analysis of accuracy and 

reaction time during the simplified Stroop Test. There was one independent variable with 

three levels (stimulus condition: Stroop Word Alone, SS + Stroop, and PS + SS + Stroop) 
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and one independent variable with two levels (congruency: congruent and incongruent). 

In Stroop Study 2, a 4 x 2 mixed repeated-measures ANOVA was conducted for the 

analysis of accuracy and reaction time during the simplified Stroop Test. There was one 

independent variable with four levels (stimulus condition: Stroop Word Alone, PS + 

Stroop, SS + Stroop, and PS + SS + Stroop) and one independent variable with two levels 

(congruency: congruent and incongruent).  

Results 

Stroop Study 1 

PPI of startle magnitude and startle probability. Mean PPI greater than 75% was 

observed across all stimulus conditions with a prepulse, 95% CI [-0.876, -0.712] (Table 

I). All F values in these ANOVAs for startle magnitude and startle probability were 

insignificant, meaning that PPI was significant at the p = .05 level, but that PPI was not 

significantly different across stimulus conditions.  

 

 
PPI of Startle Magnitude in Congruent Trials  

M SEM 

Stroop Study 1 -0.768 0.050 

Stroop Study 2 -0.837 0.033 

Stroop Study 3 -0.844 0.030 
 

PPI of Startle Magnitude in Incongruent Trials  
M SEM 

Stroop Study 1 -0.820 0.037 

Stroop Study 2 -0.858 0.032 

Stroop Study 3 -0.799 0.053 

 

Table I: Comparison of overall PPI across congruent and incongruent trials between all 

Stroop studies. M = mean, SEM = standard error of the mean. 
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Stroop Test accuracy. Mean accuracy was above 86% for all participants in all 

stimulus conditions. This ANOVA revealed a significant effect of stimulus condition, F 

(2, 80) = 5.396, p < .05, such that responses for PS + SS + Stroop trials were most 

accurate (M = 0.942, SD = 0.048), followed by SS + Stroop trials (M = 0.937, SD = 

0.036), and Stroop Word Alone trials (M = 0.905, SD = 0.022) (Figure 4). There was also 

a significant effect of congruency, F (1, 40) = 8.508, p < .01, such that responses on 

congruent trials were more accurate (M = 0.941, SD = 0.031) than responses on 

incongruent trials (M = 0.915, SD = 0.044) (Figure 4). All other F values were 

insignificant.  

 

Figure 4: Accuracy data showing stimulus condition and congruency during the 

simplified Stroop Test in Stroop Study 1. 

Stroop Test reaction time. The ANOVA revealed a significant effect of stimulus 

condition, F (2, 76) = 56.697, p < .001, such that reaction time was fastest in the PS + SS 

+ Stroop condition (M = 709.412, SD = 57.151), followed by the SS + Stroop condition 

(M = 769.004, SD = 60.261) and the Stroop Word Alone condition (M = 831.178, SD = 

56.194) (Figure 5). There was also a significant effect of congruency, such that 
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responding was faster for congruent trials (M = 714.095, SD = 52.105) than for 

incongruent trials (M =825.635, SD = 52.070), F (1, 38) = 83.880, p < .001 (Figure 5). 

All other F values were insignificant.  

 

Figure 5: Reaction time data showing stimulus condition and congruency during the 

simplified Stroop Test for Stroop Study 1. 

Stroop Study 2 

PPI of startle magnitude and startle probability. Mean PPI greater than 84% was 

observed in all stimulus conditions with a prepulse, 95% CI [-0.892, -0.745] (Table I). 

All F values in these ANOVAs for startle magnitude and startle probability were 

insignificant, meaning that PPI was significant at the p = .05 level, but that PPI was not 

significantly different across stimulus conditions.  

Stroop Test accuracy. Mean accuracy was above 87% for all participants in all 

stimulus conditions. This ANOVA revealed a significant effect of stimulus condition, F 

(3, 135) = 21.196, p < .001, and a significant interaction effect between stimulus 

condition and congruency, F (3, 135) = 23.154, p < .001 (Figure 6), such that there was a 
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decrease in accuracy on congruent SS + Stroop trials (M = 0.939, SD = 0.057) and on 

incongruent PS + SS + Stroop trials (M = 0.930, SD = 0.057) (Figure 6). All other F 

values were insignificant.  

 

Figure 6: Accuracy data showing stimulus condition and congruency during the 

simplified Stroop Test in Stroop Study 2. 

Stroop Test reaction time. This ANOVA revealed a significant effect of stimulus 

condition, F (3, 135) = 53.517, p < .001, a significant effect of congruency, F (1, 45) = 

84.795, p < .001, and a significant stimulus condition*congruency interaction effect, F (3, 

135) = 5.293, p < .01 (Figure 7). Post-hoc tests using a Bonferroni correction showed that 

reaction time for congruent trials was significantly faster than reaction time for 

incongruent trials in all conditions except the Stroop Word Alone condition.  
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Figure 7: Reaction time data showing stimulus condition and congruency during the 

simplified Stroop Test for Stroop Study 2. 

Discussion 

Overall, the results from Stroop Study 1 were replicated in Stroop Study 2. An 

ASE was clearly demonstrated on SS + Stroop trials in both studies, a further reduction in 

reaction time was observed on PS + SS + Stroop trials in both studies, and there was no 

change between PS + SS + Stroop trials and PS + Stroop trials in Stroop Study 2. 

Prepulse stimuli presented prior to startle stimuli reduced startle responding and 

improved reaction time on the simplified Stroop Test, and prepulse stimuli presented 

without startle stimuli served as a warning during the task. The reaction time results from 

both Stroop Study 1 and Stroop Study 2 revealed evidence of the ASE, which occurred 

on both congruent and incongruent trials (Figures 5 & 7).  

The presence of a prepulse in both studies further reduced reaction time from SS 

+ Stroop trials. While the data suggest that there is a more enhanced ASE on PS + SS + 

Stroop trials, it is important to consider the prepulse as a warning stimulus during the 

task. It is possible that the prepulse, presented with a lead interval of 120 msec, serves as 
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a warning for an upcoming task trial, where participants were anticipating a Stroop trial 

and therefore reacted quicker due to this warning. Additionally, the prepulse itself causes 

PPI of the startle response, meaning that the startle response was either diminished or 

eliminated, which also explains the faster reaction time on PS + SS + Stroop trials. 

Without a startle response to interrupt task performance, the presence of a prepulse on PS 

+ SS + Stroop trials can explain the significant reduction in reaction time compared to 

reaction time for trials only presenting a Stroop word.  

To address whether the ASE was truly enhanced on PS + SS + Stroop trials, 

Stroop Study 2 investigated reaction time to PS + Stroop trials. By definition, the ASE 

only occurs on trials with the concurrent presentation of an intense stimulus with a target 

(Miller, Franz, & Ulrich, 1999). Miller et al. (1999) found that the intensity of the 

accessory stimulus affected reaction time on a go/no-go task and a simple reaction time 

task, such that accessory stimuli that were higher in intensity produced a greater ASE 

with faster reaction times on both tasks. Since the PS + Stroop trials in Stroop Study 2 

did not have an intense accessory stimulus or concurrent presentation, and the reaction 

time data was not significantly different from PS + SS + Stroop trials, it can be concluded 

that the ASE is not enhanced on trials with a prepulse, but rather that the prepulse serves 

as an effective warning for the task stimulus. It is also possible that the warning effect of 

the prepulse is stronger and/or acts on processing time much quicker than the ASE does, 

which might help explain why reaction times for PS + SS + Stroop trials and PS + Stroop 

trials are similar.  

While the results from the reaction time data from both studies are noteworthy, it 

is interesting to consider the data on task accuracy. Performance on Stroop Word Alone 
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trials was significantly less accurate than performance on Stroop trials incorporating 

prepulse and startle stimulus trials in Stroop Study 1, which might suggest that the 

presence of prepulses and startle stimuli may enhance accuracy. However, these results 

for accuracy were not replicated in Stroop Study 2. As expected, it was also shown that 

incongruent Stroop trials were less accurate than congruent trials, thus, a demonstration 

of Stroop interference (Scarpina & Tagini, 2017).  

Limitations and Further Directions 

Generalizability of these results is limited only to healthy college students. 

Perhaps using this paradigm to test other samples of participants, such as those with 

different reading abilities or color-blindness, would yield varied results. For example, in 

the case of different reading abilities, Stroop performance could be better due to less 

reliance on the automated process of reading (Kulaif & Valle, 2008). However, in the 

case of color-blindness, color-naming would be impaired and a more automated process 

may take over during the task (Mallard & Bryant, 2001).  

A more interesting direction to extend this study would be to test participants with 

frontal lobe damage, since damage to the frontal lobe would have negative implications 

on successful Stroop Test completion (Ben-David, Nguyen, & van Lieshout, 2011). It is 

predicted that Stroop Test performance would be worse in these individuals, due to 

decreased attention and executive function in those with frontal lobe damage (Vendrell et 

al., 1995). If motor areas are implicated in damage to the frontal cortex, it can also be 

expected that these individuals may not produce as strong an ASE compared to healthy 

controls (Jepma et al., 2009). Individuals who have endured concussions and/or 

subconcussive blows are a particular sample of interest when considering extending this 
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study, since their experience with repetitive head impacts could have damaging effects on 

cognitive function, especially frontal lobe function, if their head impacts are severe and 

frequent enough. Aside from frontal lobe damage, if head injuries sustained from RHI 

affect other areas of the brain, such as the association cortex or the visual cortex, this may 

also hinder the ability to exhibit an ASE. This could be due to changes in information 

processing and stimulus encoding, necessary components for producing an ASE (Jepma 

et al., 2009).  
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CHAPTER THREE: STROOP STUDY 3 

Introduction 

This final study attempts to replicate the findings from Stroop Study 2 in a 

specific group of college students: athletes who play different contact and noncontact 

sports at Wake Forest University. While many of these students reported incidences of 

head impact exposure, regardless of the type of sport they played, we were interested in 

seeing whether there may be any relationships between their level of head impact 

exposure, their ability to exhibit PPI relative to each other and to non-athletes, their 

overall performance on the Stroop Test, and their ability to show an ASE relative to each 

other and to non-athletes. While Stroop Study 1 and Stroop Study 2 provide strong 

evidence for the Interruption Hypothesis, Stroop Study 3 should likely replicate this 

finding. However, in a group of college athletes with varied levels of head impact 

exposure, it is reasonable for their startle reactivity and cognitive task performance 

measures to differ from that of the control subjects from Stroop Study 1 and Stroop Study 

2. As stated in Chapter One, head impact exposure from sports can have detrimental 

effects on the frontal lobe and may affect the startle pathway, which could explain any 

possible differences in the findings across studies.  

Study Objectives 

 The purpose of this study was to replicate and extend the findings from Stroop 

Study 2 in a sample of college athletes. Like Stroop Study 1 and Stroop Study 2, this 

study examined individual startle reactivity and task performance in order to determine 

the occurrence of PPI and an ASE. This study presented the same stimuli from Stroop 
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Study 2, meaning that there were four relevant stimulus conditions for the analysis of task 

performance.  

Study Hypotheses 

Startle reactivity. It is expected that participants in the contact sports group will 

have lower startle reactivity than participants in the noncontact sports group. This 

difference in startle reactivity would be due to the role that RHI play on the activation of 

the startle response. There may be damage inflicted upon the startle circuitry, thereby 

causing a suppression in the startle response in contact athletes with RHI exposure (Pang 

et al., 2015).  

PPI. It is predicted that participants in the contact sports group will present with a 

different amount of PPI than participants in the noncontact sports group, such that 

athletes with more contact experience will exhibit less PPI than athletes without exposure 

to RHI. This decrease in PPI in contact athletes relative to noncontact athletes could be 

explained by the detrimental effects of RHI on frontal lobe function and on the PPTg of 

the startle circuitry (the area responsible for regulating PPI) (Wiley et al., 1996).  

Stroop Test performance and the ASE. It is expected that participants with less 

contact experience will perform better on the Stroop Test, such that participants on a 

noncontact sports team will respond on the task more quickly and accurately than 

participants on a contact sports team. This decline in responding in contact athletes 

relative to noncontact athletes can be attributed to the influence of RHI on the frontal 

lobe controlling attention and executive function, two key elements necessary for 

successful cognitive task completion (Diamond, 2013). Similarly, RHI in sports may 

interfere with the facilitating effect of an accessory stimulus, meaning that athletes with 
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more contact experience may not exhibit as strong an ASE as athletes without contact 

experience.  

Methods 

Participants 

Sixty-four participants ages 18-22 took part in this research. Three subjects were 

excluded from the statistical analyses of startle reactivity because these participants did 

not exhibit a startle response on startle habituation trials. Three subjects were excluded 

from the Stroop Test analysis due to an inadequate understanding of the Stroop Test 

instructions. In total, 33 males and 28 females were analyzed in the data analyses of 

startle reactivity, and 35 males and 26 females were analyzed in the data analyses of the 

Stroop Test. For the Stroop Test analyses, 35 participants were actively involved in a 

contact sport and 26 participants were actively involved in a noncontact sport. Regardless 

of the type of sport each athlete played, 16 participants reported having had at least one 

diagnosed concussion when asked on the Health History Questionnaire, and 45 people 

did not report having had a diagnosed concussion. 

Recruitment. Participants were recruited through the Sona Systems online portal 

at Wake Forest University. Participants earned a half hour of course credit for their 

Introductory Psychology class. Participants were able to sign up for the study based on 

two separate sign up portals for those playing either a contact or noncontact sport at 

Wake Forest.  

Inclusion and exclusion criteria. If participants experienced any prior hearing loss 

or damage, had tubes inserted into their eardrums at any point, or suffered from a cold 

that affected their hearing at the time of testing, they were excluded from the study. If 
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participants were taking medications such as antidepressants, anxiolytics, or 

benzodiazepines, they were excluded from the study.  

Testing groups. On the Sona Systems sign up portal for this study, participants 

were instructed to sign up for the appropriate group. These instructions indicated that a 

participant had to be actively involved in either a contact or noncontact sport at Wake 

Forest in order to be eligible to participate in the study. Active participation in a sport 

included playing on the varsity, club, or intramural level at Wake Forest. Those who 

played a sport in the past (middle school, high school, in a previous semester, etc.) and 

were not currently involved in a sport at the time of testing were not invited to further 

participate in this research. Participants placed in the contact sports group were those who 

indicated that they played a contact sport such as football, soccer, basketball, lacrosse, 

rugby, baseball, softball, waterpolo, dodgeball, field hockey, or ice hockey. Participants 

placed in the noncontact sports group were those who indicated that they played a 

noncontact sport such as tennis, volleyball, swimming, golf, rowing, archery, cross 

country, frisbee, equestrian, or fencing. These sport group designations were determined 

in the lab, based on discussions over what constitutes enough contact exposure to deem a 

sport as a contact sport.  

Materials 

 Forms. All participants completed an Informed Consent form describing the 

study. Once consent was obtained, participants filled out a Health History Questionnaire, 

which asked basic questions about demographics, medical conditions, medications, 

athletic history, and head impact exposure. Included in the questionnaire were questions 

about head impact frequency, severity, concussion diagnosis, and report of associated 
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symptoms.  This questionnaire allowed for determination of eligibility (e.g. hearing loss 

or exclusionary medications such as antidepressants, anxiolytics, or benzodiazepines) and 

athletic group placement (e.g. type of sport played and incidence of concussion). 

Electrode preparation and placement. Refer to Chapter Two for a detailed 

explanation of electrode preparation and placement used throughout this study. 

Equipment and software programs. Refer to the Methods section of Chapter Two 

for a detailed explanation of stimulus creation and stimulus presentation used in this 

study.  

Procedure 

Refer to the Methods section of Chapter Two for a detailed explanation of the 

Stroop Test instructions. The testing block was preceded by six startle habituation trials. 

Stroop Study 3 employed the same Stroop Test used in Stroop Study 2, with the 

following stimulus conditions: 110 randomly intermingled trials of 10 prepulse stimulus 

alone (PS) trials, 10 SS trials, 10 PS + SS trials, 20 Stroop Word Alone trials, 20 PS + 

Stroop trials, 20 SS + Stroop trials, and 20 PS + SS + Stroop trials. Each group of 20 

Stroop word trials was composed of five congruent blue trials, five congruent red trials, 

five incongruent blue trials, and five incongruent red trials presented in a randomized 

order.  

Data were scored using the Clip-2 software program (Schulz, Reichert, Richter, 

Lass-Hennemann, Blumenthal, & Schachinger, 2009) using a scoring protocol outlined 

by Blumenthal and colleagues (Blumenthal, Cuthbert, Filion, Hackley, Lipp, & Boxtel, 

2005). All valid startle responses began 20-120 msec after the onset of the startle 

stimulus. Startle response trials containing movement artifact, spontaneous blinks, or 
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excessive noise were excluded from the analysis of startle reactivity. Participants who 

had habituation trials with a response probability of zero (N = 3) were also excluded from 

the analyses. For all trials containing a startle stimulus, startle response magnitude was 

measured by taking the difference in microvolts between the response peak (20-150 msec 

after startle stimulus onset) and response onset (20-120 msec after startle stimulus onset). 

Once the data were scored for each participant, the responses were analyzed in SPSS 25. 

Descriptive statistics and repeated-measures analyses of variance (ANOVA) were 

conducted for comparisons of the inhibition of startle magnitude and startle probability 

across relevant stimulus conditions using an alpha level of 0.05. Refer to the Methods 

section of Chapter Two for a detailed explanation for the calculation of PPI. 

Data Analysis  

A 2 x 2 x 2 mixed repeated-measures ANOVA was run for the PPI of startle 

magnitude and startle probability with three independent variables, each containing two 

levels: congruency (congruent/incongruent), sex (male/female), and sport type 

(contact/noncontact). Another 2 x 2 x 2 mixed repeated-measures ANOVA was run for 

the PPI of startle magnitude and startle probability with the same independent variables 

as the previously stated ANOVA, except for one variable. The sport type variable was 

replaced with incidence of concussion as an independent variable (students reporting a 

concussion and students not reporting a concussion in either sport type). Finally, a 5 x 2 x 

2 x 2 mixed repeated measures ANOVA was run for the analysis of startle magnitude 

with the following variables: condition (SS alone, congruent red SS + Stroop, congruent 

blue SS + Stroop, incongruent red SS + Stroop, incongruent blue SS + Stroop), sex 



46 
 

(male/female), sport type (contact/noncontact), and concussion incidence (students 

reporting a concussion and students not reporting a concussion). 

Accuracy and reaction time.  A 4 x 2 x 2 mixed analysis of variance (ANOVA) 

was conducted to compare the overall effect of stimulus condition and congruency for 

accuracy and reaction time on the Stroop Test in all participants. There were three 

independent variables with the following levels: stimulus condition (Stroop Word Alone, 

SS + Stroop, PS + SS + Stroop, PS + Stroop), congruency (congruent, incongruent), and 

color (red, blue). Next, a 4 x 2 x 2 x 2 x 2 mixed ANOVA was conducted to ascertain the 

effects of sex and sport type on Stroop Test performance. There were five independent 

variables with the following levels: stimulus condition (Stroop Word Alone, SS + Stroop, 

PS + SS + Stroop, PS + Stroop), congruency (congruent, incongruent), color (red, blue), 

sex (male, female), and sport type (contact, noncontact). Finally, another 4 x 2 x 2 x 2 x 2 

mixed ANOVA was conducted to ascertain the effects of sex and concussion incidence 

on Stroop Test performance. The independent variables for this ANOVA were the same 

as from the previously described ANOVA, except for one variable. The sport type 

variable was replaced with incidence of concussion as an independent variable (students 

reporting a concussion and students not reporting a concussion). Only stimulus conditions 

with a Stroop word stimulus were relevant in these analyses.  

Results 

Startle Reactivity 

PPI of startle magnitude and startle probability. Mean prepulse inhibition greater 

than 79% was observed in all prepulse stimulus conditions, 95% CI [-0.920, -0.762] 

(Table I). The first PPI analysis did not reveal any significant effects of congruency, sex, 
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or sport type on the PPI of startle magnitude. The second PPI analysis did not reveal any 

significant effects of congruency, sex, or concussion incidence on the PPI of startle 

magnitude. No subjects were excluded in the PPI of startle probability analysis. The first 

PPI analysis did not reveal any significant effects of congruency, sex, or sport type on the 

PPI of startle probability. The second PPI analysis did not reveal any significant effects 

of congruency, sex, or concussion incidence on the PPI of startle probability. All F values 

in these ANOVAs were insignificant, meaning that PPI was significant at the p = .05 

level, but that PPI was not significantly different across stimulus conditions. The final 

analysis for startle magnitude did not reveal any significant differences between athletes 

on different sports teams or athletes who did and did not report a concussion.  Table II 

shows the overall startle magnitude between athlete types.  

 
Report of Concussion  

M SEM 

Contact Athletes 1.053 0.621 

Noncontact Athletes  1.587 0.688 
 

No Report of Concussion  
M SEM 

Contact Athletes 1.929 0.372 

Noncontact Athletes  1.290 0.404 

 

Table II: Comparison of overall startle magnitude between contact and noncontact 

athletes and athletes who did and did not report a concussion in Stroop Study 3. M = 

mean, SEM = standard error of the mean.  

Stroop Test Performance 

Accuracy. Mean accuracy was above 89% for all participants in all stimulus 

conditions. No subjects were excluded from the accuracy analysis. The 4 x 2 x 2 mixed 

ANOVA revealed a significant effect of congruency, F (1, 63) = 11.041, p < .01, such 
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that responses on congruent trials (M = .930, SD = .010) were more accurate than 

responses on incongruent trials (M = .915, SD = .013) (Figure 8). The first 4 x 2 x 2 x 2 x 

2 mixed ANOVA (using sport type as an independent variable) revealed a significant 

effect of congruency, F (1, 60) = 12.527, p < .01, such that responses on congruent trials 

(M = .928, SD = .054) were more accurate than responses on incongruent trials (M = 

.909, SD = .050). The second 4 x 2 x 2 x 2 x 2 mixed ANOVA (using concussion 

incidence as an independent variable) revealed a significant effect of congruency, F (1, 

60) = 7.370, p < .05, such that responses on congruent trials (M = .920, SD = .010) were 

more accurate than responses on incongruent trials (M = .905, SD = .013). All other F 

values in these analyses were insignificant at p > .05.  

 

Figure 8: Overall accuracy data showing stimulus condition and congruency during the 

simplified Stroop Test in Stroop Study 3. 

Reaction time. Three participants were excluded from the reaction time analysis 
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180) = 17.875, p < .001. Post hoc tests using a Bonferroni correction showed that reaction 

time for congruent trials was significantly faster than reaction time for incongruent trials 

across all stimulus conditions, and that reaction time was significantly faster in congruent 

PS + SS + Stroop trials compared to reaction time in other congruent stimulus conditions 

(Figure 9). The first 4 x 2 x 2 x 2 x 2 mixed ANOVA (using sport type as an independent 

variable) revealed a significant stimulus condition*congruency*sex*sport type 

interaction effect, F (3, 171) = 4.452, p < .01. Post hoc tests using a Bonferroni correction 

showed that reaction time for females who played a contact sport had significantly longer 

reaction times on congruent Stroop Word Alone trials compared to reaction time in other 

athletes in all other stimulus conditions (Figure 10). The second 4 x 2 x 2 x 2 x 2 mixed 

ANOVA (using concussion incidence as an independent variable) revealed a significant 

stimulus condition*congruency*sex*concussion interaction effect, F (3, 171) = 2.819, p 

< .05. Post hoc tests using a Bonferroni correction showed that reaction time for females 

who reported concussions had significantly longer reaction times on congruent Stroop 

Word Alone trials compared to reaction time in other athletes in all other stimulus 

conditions (Figure 11). In this analysis, two of the females who played on a contact sport 

reported a concussion, and four of the females who played on a noncontact sport reported 

a concussion.  
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Figure 9: Overall reaction time data showing stimulus condition and congruency during 

the simplified Stroop Test in Stroop Study 3. 
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Figure 10: Interaction effect of stimulus condition, congruency, sex, and sport type on 

reaction time during the simplified Stroop Test in Stroop Study 3. 

500

700

900

Stroop Word Alone

Trials

SS + Stroop Trials PS + SS + Stroop Trials PS + Stroop TrialsR
ea

ct
io

n
 T

im
e 

(m
se

c)

Male Contact Athletes

Congruent Trials Incongruent Trials

500

700

900

Stroop Word Alone

Trials

SS + Stroop Trials PS + SS + Stroop Trials PS + Stroop Trials

R
ea

ct
io

n
 T

im
e 

(m
se

c
) Male Noncontact Athletes

Congruent Trials Incongruent Trials

500

700

900

Stroop Word Alone

Trials

SS + Stroop Trials PS + SS + Stroop Trials PS + Stroop Trials

R
ea

ct
io

n
 T

im
e 

(m
se

c
) Female Contact Athletes

Congruent Trials Incongruent Trials

500

700

900

Stroop Word Alone

Trials

SS + Stroop Trials PS + SS + Stroop Trials PS + Stroop Trials

R
ea

ct
io

n
 T

im
e 

(m
se

c
) Female Noncontact Athletes 

Congruent Trials Incongruent Trials



52 
 

 

 

 

 

Figure 11: Interaction effect of stimulus condition, congruency, sex, and concussion 

incidence on reaction time during the simplified Stroop Test in Stroop Study 3. 
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Discussion 

The overall results of this study replicated the findings from Stroop Study 1 and 

Stroop Study 2. There was a decrease in reaction time on trials that presented a startle 

stimulus, and an even further reduction in reaction time with a prepulse preceding a 

startle stimulus. However, unlike Stroop Study 2, the results from this study showed a 

significant difference in reaction time between PS + SS + Stroop trials and PS + Stroop 

trials. The ASE was observed in all athletes in the congruent PS + SS + Stroop condition. 

However, the congruent PS + Stroop condition did not show the same significant 

reduction in reaction time, which contradicts what was expected based on the results from 

Stroop Study 2. It is possible that in this group of athletes with mixed exposure to head 

impacts in sports participation, the prepulse alone serves more as a distraction rather than 

as an effective warning during the task. There could be subtle differences in prepulse 

processing in athletes with head impact exposure (Wiley et al., 1996), perhaps because of 

the detrimental effects that head impacts may impose on the PPTg in processing, and this 

was exemplified in the reaction time data. Without the startle stimulus present to create 

the ASE in the congruent PS + Stroop condition, the prepulse distracts participants in this 

study, as seen in the longer reaction time in this condition compared to the congruent PS 

+ SS + Stroop condition. This effect can also be seen for accuracy, where there is a clear 

difference between congruent and incongruent responses in all stimulus conditions except 

for the PS + Stroop condition. Because there is an increase in reaction time in the 

congruent PS + Stroop condition compared to the congruent PS + SS + Stroop condition, 

the idea that the prepulse serves as an effective warning during cognitive task 

performance may only be true in control participants. Although the congruent PS + 
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Stroop condition did not show a comparable reduction in reaction time to the congruent 

PS + SS + Stroop condition, it is noteworthy that the congruent PS + Stroop condition 

still showed a significant reduction in reaction time compared to the control Stroop Word 

Alone condition.  

Like Stroop Study 2, there was no observed ASE in any of the incongruent 

stimulus conditions in this study. However, the data shown for reaction time suggest a 

slight trend in a decrease in reaction time with the addition of acoustic stimuli in the 

incongruent conditions, though insignificant. This lack of an ASE could be because 

participants were responding more carefully on trials involving cognitive interference 

inhibition in order to choose the correct response, thus showing no reduction in reaction 

time even with the presence of accessory stimuli. Although accessory stimuli are thought 

to lower the decision-making threshold during the process of task completion, this occurs 

more prominently in easy cognitive tasks as opposed to more difficult cognitive tasks 

(Jepma et al., 2009). For this reason, the ASE was prominently illustrated only in the 

congruent SS + Stroop and congruent PS + SS + Stroop conditions. A study investigating 

executive function through a stepping Simon task found that there was a reduction in 

response times in both congruent and incongruent conditions with the presence of an 

accessory stimulus, but that error rates for anticipatory postural adjustment increased in 

the incongruent conditions (Watanabe, Koyama, Tanabe, & Nojima, 2015). Considering 

their findings for Stroop Study 3, it is possible that there was a trade-off for higher 

accuracy in the incongruent conditions, at the cost of longer reaction times and no 

presence of an ASE in the incongruent conditions. 
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This study provides additional support for the Interruption Hypothesis. This was 

clearly exhibited through the reduced response times on trials in the congruent PS + SS + 

Stroop condition. The prepulses in this stimulus condition inhibited the startle response, 

and thereby prevented the interruption of task processing that the startle response would 

have caused (Blumenthal, 2015). However, it is interesting to note that this was not a 

parallel finding in the incongruent PS + SS + Stroop condition.  

Females who played a contact sport and females who reported a concussion took 

longer to respond on congruent Stroop Word Alone trials compared to incongruent 

Stroop Word Alone trials. Typically, responses to congruent Stroop trials should be much 

shorter than responses to incongruent Stroop trials (Stroop, 1935), so it is curious to note 

that reaction times were longer in this case. There should have been more Stroop 

interference in the incongruent trials (Stroop, 1935), especially in the control condition 

without the presentation of any acoustic stimuli. However, there was normal responding 

in the SS + Stroop, PS + SS + Stroop, and PS + Stroop conditions, such that responses in 

these female athletes who played a contact sport or who reported a concussion responded 

more quickly on the congruent trials than on the incongruent trials.  

Lastly, contrary to what we expected, there were no significant differences in PPI 

between sport groups or between groups who did and did not report a concussion. There 

were also no significant differences in startle response magnitude between athletes, 

although it is interesting to note that the difference in startle response magnitude between 

sport types in those who reported a concussion was not parallel to the difference in startle 

magnitude between sport types in those who did not report a concussion. That is, athletes 

who played on a contact sport and reported a concussion presented with less startle 
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magnitude than athletes who played on a noncontact sport and reported a concussion, but 

athletes who played on a contact sport and did not report a concussion presented with 

more startle magnitude than athletes who played on a noncontact sport and did not report 

a concussion. Several reasons could possibly explain why the expected differences did 

not occur between groups. It is possible that having a mixture of contact experience in 

sports (disregarding sport type designation) can explain why there were no significant 

differences between the groups. It is necessary to compare the PPI and startle magnitude 

results of this athletic group with control participants to see whether participation in 

sports, regardless of contact exposure, may affect baseline startle reactivity and PPI. 

Additionally, the college athletes tested in this study reported playing their sport for 

different durations across their lifespans, which could be another reason that might 

explain the lack of differences in PPI. It could be the case that those who have 

participated in their sport for a longer time, versus those who have not, might show slight 

differences in their level of PPI, because they would have had more exposure to potential 

head impacts over their playing history. This would require a deeper analysis of the PPI 

and startle magnitude data.   

Limitations and Further Directions 

 Similar to Stroop Study 1 and Stroop Study 2, generalizability of these results is 

limited only to college students, particularly athletes. Some limitations to this study 

include the lack of control over the exact measure of head impact exposure from 

participant to participant, aside from which sport they played and their self-report of 

concussions and related symptomatology. From the contact sports listed, the amount of 

RHI exposure varies greatly from sport to sport. We also need to take into account factors 
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like duration of practices and games, practice structure, types of drills used in practices, 

player positions, and the college athletic environment, since these factors may limit the 

ability to draw any convincing conclusions from this study.   

Further testing is needed to determine whether there could be a significant 

difference in the amount of PPI between groups. This study does not provide evidence of 

any significant differences in PPI, meaning that, as such, PPI cannot yet be used as a 

return-to-play measure in athletes who have endured a concussion. A study investigating 

PPI in participants with and without blast exposure from military service also found that 

there were no significant differences in PPI between groups (Papesh et al., 2019). The 

lack of PPI differences from this study shows that more investigation is necessary, since 

deficits in PPI as a result of head trauma is expected due to changes in sensorimotor 

gating (Wiley et al., 1996). The results from the current study suggest that the PPI 

difference between groups is not close to significance, which means that more testing is 

necessary to explore this presumption in college athletes.  

In further exploring task completion measures, it could be useful to investigate the 

ASE in different clinical populations, such as in people with ADHD or OCD. In doing 

this, we could see whether the ASE might be enhanced or abolished as a result of clinical 

pathology. Testing clinical groups might show results that suggest that clinical pathology 

may have an impact on stimulus processing and task performance, as seen in this study in 

a group of college athletes with mixed exposure to head impacts.    
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CHAPTER FOUR: DISCUSSION 

The versatility of the startle testing paradigm allows for this measure to be 

assessed in a wide variety of populations. Because startle is used as a measure for testing 

brainstem function in clinical populations, it is reasonable to believe that startle can also 

be used to test brainstem function and sensorimotor gating in different types of athletes 

with head impact exposure. Aspects of the startle response, such as PPI and response 

magnitude, can be helpful in identifying lapses in sensorimotor gating that other tests 

cannot (Swerdlow et al., 2017). Therefore, these measures are useful and can possibly 

provide more insight in diagnosing mTBI (Wiley et al., 1996; Heldt et al., 2014). In this 

present research, the startle testing paradigm was used to attempt to identify trends in PPI 

in control and athlete participants, as well as the effects of prepulse stimuli on Stroop 

Test performance in these participants.  

Because impaired PPI can be an indication of clinical pathology, having concrete 

evidence that PPI can be used to determine the severity of RHI exposure could be a 

useful tool in measuring concussive symptomatology and developing strategies for 

combating the detrimental effects of RHI. In the present research, it was found that 

participants in each study presented with significant amounts of PPI, but that the PPI in 

these studies did not differ significantly between participants. We did not observe any 

differences in PPI between congruent and incongruent Stroop Test conditions, nor 

between the athletes and control participants. This is interesting, because these results 

were not in line with our predictions of impaired PPI in athletes with frequent head 

impact exposure. If there truly were severe impairments in sensorimotor gating, then we 

would expect to see this reflected in significantly reduced PPI. However, the results from 
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this study suggest that sensorimotor gating mechanisms are intact in these control and 

athlete participants, but that more testing would be required to ascertain more subtle 

differences in startle responding. 

Perhaps this finding of normal PPI in all participants is not as surprising in this 

particular sample of Wake Forest University college athletes, because many factors 

within the sample, such as sports playing history, playing intensity, and practice duration, 

were not controlled for (see limitations section). However, it is imperative to seek 

whether impairments do exist in athletes with heavy contact exposure, such as in those 

participating in professional sports teams. Depending on the location of head impacts in 

sports, there is the potential for damage inflicted onto the brainstem, in addition to 

cortical damage (Bailes & Hudson, 2001). Because the brainstem is crucial for essential 

life functions like respiration, heart rate, and wakefulness, it is important to assess 

brainstem function after injury (Bailes & Hudson, 2001). The startle response is a 

sensitive measure of brainstem function and can be used as a diagnostic tool to help 

assess the level of damage. Since the startle circuitry can become influenced by the 

cortex, for example, in cases of cortical damage relating to the ACC, it may be the case 

that cortical damage from a head injury imposes deficits onto the rest of the circuit, 

therefore modulating the motor output of the startle response (Yeomans & Frankland, 

1995; Pissiota et al., 2003). The startle response may be suppressed entirely, depending 

on the degree of cortical or brainstem damage (Pang et al., 2015), and it is worth 

investigating this topic further to determine the extent that startle reactivity can be used to 

measure this.  
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Looking to the Stroop Test performance results in the present research, there was 

a clear Accessory Stimulus Effect observed on all congruent trials with an accessory 

stimulus (acoustic startle stimulus) in all participants tested, as seen through a significant 

reduction in response times compared to congruent trials without an accessory stimulus. 

Because a prominent ASE was observed in all three studies, multisensory integration of 

the acoustic and visual stimuli was involved in stimulus processing during task 

completion (Jepma et al., 2009). The findings from this research presenting a Stroop Test 

replicated the occurrence of a startle stimulus-related ASE seen in another study 

employing a go/no-go task (Washington & Blumenthal, 2015). 

A further reduction in response times was observed in congruent trials with a 

prepulse preceding an accessory stimulus in all studies and in all participants. It was 

determined that the prepulse alone can serve as both a facilitator and a distractor to 

participants taking the Stroop Test, as seen in the difference in reaction time in the 

congruent PS + Stroop condition between Stroop Study 2 and Stroop Study 3. In Stroop 

Study 2 with control participants, the reaction time for the congruent PS + Stroop 

condition showed a significant reduction in response time. However, in Stroop Study 3 

with athletes, the reaction time for the congruent PS + Stroop condition did not show the 

same reduction in response time, meaning that there was an underlying difference in 

performance between the two samples of participants, and that the prepulse played two 

different roles in task performance for these participants. These data might suggest that 

participation on an athletic team, regardless of level of contact exposure, predisposes 

these participants to have poorer performance on the Stroop Test in the congruent PS + 

Stroop condition compared to performance in control participants. However, these data 
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should be interpreted with caution, because it is possible that in addition to athletic team 

participation, other factors could be influencing these results and might account for the 

differences observed between Stroop Study 2 and Stroop Study 3. Further testing is 

needed to see what specific aspects of college sports team participation make the prepulse 

play a more distracting role in these individuals as opposed to control participants. As 

mentioned in the previous chapter, there could be differences in prepulse processing 

ability in these athletes, due to unknown and varying amounts of exposure to head 

impacts or due to other additional variables.  

Why is it important to continue to investigate this topic? To our knowledge, while 

there are many factors assessed in the clinical diagnosis of a concussion, there are few 

standardized ways to evaluate the damage incurred from non-concussive RHI in sports 

(Ferrara, McCrea, Peterson, & Guskiewicz, 2001). There is a need to conduct studies 

using standardized methodology on the topic of long-term effects of RHI exposure. 

Knowing the neural mechanisms affected by the damage, as well as knowing how to 

diagnose and treat these head injuries, is important for individuals in order to prevent 

long-term neurological damage. While participation in sports with and without heavy 

contact is a large part of our culture, it is difficult to determine the extent to which the 

amount of contact exposure can be detrimental to neurological function later in life. 

School-aged children start playing contact sports at early ages, so the effects of the 

accumulation of impacts and exposure over time is worth investigating. It is important to 

continue to explore this area of research in order to protect the future generations of 

athletes who will likely expose themselves to head impacts of varying degrees.  
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Limitations 

Limitations of this research may explain why some of the results obtained were 

not in line with our predictions. For Stroop Study 3, specific guidelines were not used to 

determine the testing groups. There is no standardized list of sports that strictly 

designates a sport as “contact” or “noncontact,” so these designations had to be made 

based upon mutual agreements between the researchers in our lab. To minimize this 

limitation, our Health History Questionnaire inquired about participants’ head impact and 

concussion history. Even though we had these data to supplement the sports team 

designation, the nature of self-report prevents us from drawing strong conclusions from 

the data that we obtained from this research. Factors like playing time, practice drills, 

practice and game duration, intensity of play, prior sports playing history, player position, 

and non-sports related head injuries differed between many participants. A way to get 

around this issue would be to test a single sports team consistently and early, and track 

changes in the players’ PPI over time. Studies in the future may use this current testing 

paradigm more formally in specified sports teams with known amounts of contact and 

head impact exposure. By having a specific metric to analyze head impact exposure 

levels, this could help narrow the search for differences in PPI.  

Further Directions 

This testing paradigm could be used in different age groups and over periods of 

time. This would address the limitation of not having enough data for a baseline measure 

of startle and not having enough data within a subject over time. It would be particularly 

helpful to have data from younger athletes, and be able to track any changes in PPI and 

startle magnitude over time as a result of their time spent playing sports. Having a 
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baseline measure of startle magnitude and PPI would be useful in the future, in case an 

athlete sustains a concussion. Researchers could use the startle paradigm to see whether 

the severity of the concussion has any detrimental effects on brainstem function in 

athletes, and compare these results to the athlete’s baseline startle data. Lastly, to model 

and extend Pang et. al.’s study (2015), the startle paradigm could be used to test athletes 

initially as a baseline measure, immediately post-concussion, a week after concussion, 

and a few weeks after concussion if there is an incidence of a concussion in a player. This 

could help track any changes in startle magnitude and PPI to see whether startle recovers 

or remains suppressed relative to an athlete’s baseline measure as a result of a 

concussion.  

Conclusion 

The most important finding from this research revolves around the task 

completion results, where the ASE was replicated in congruent trials in all three studies 

through the administration of a Stroop Test. This research provides more evidence for 

how the startle stimulus can influence task performance through a speeding of reaction 

time when a startle stimulus and a visual Stroop stimulus are presented concurrently. 

Despite the lack of a clear trend in PPI between control and athlete participants from this 

research, continued investigation on the topic of head impact exposure in sports may be 

informative for both current and future generations of athletes. 
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Appendix A. Informed Consent Form for Stroop Study 1 and Stroop Study 2 

PARTICIPANT INFORMED CONSENT FORM 

AGREEMENT TO PARTICIPATE IN A RESEARCH PROJECT 

STUDY TITLE: PPI Differences in Cognitive Task Completion 

 

Principal Investigator:  Dr. Terry Blumenthal 

 

Institution:  Wake Forest University 

 

Location:  109 Greene Hall, Wake Forest University 

 

Participant Name (please print):____________________________________  Date: ________ 

 

I. Introduction 

You are invited to participate in a research study that is concerned with reflexive responding to 

certain visual cues and sounds. Your participation in this study is voluntary. Please ask the 

Principal Investigator or study staff to explain any words or information contained in this 

informed consent document that you do not understand.   

 

II. Description of Study 

The purpose of this research study is to collect information about how the brain processes stimuli 

as you complete a written cognitive task.  An informed consent and brief health questionnaire will 

ask questions related to your desire to participant in the study as well as your health history. 

Although not all aspects of the research (none of which are reasonably expected to affect your 

willingness to participate) can be fully described at this time, study details will be provided at the 

conclusion of the study.  The study procedures will be further explained before the session 

begins. The session will take about 60 minutes to complete.  We will be placing sensors on your 

temple and beneath your left eye, and we will ask you to wear headphones that will present 

sudden bursts of noise. You will be also asked to relax and remain as still as possible while we 

present a variety of sounds and record your eyeblink responses as you complete a written 

cognitive test of attention. There is a video camera, non-recording, in the room so that we can 

monitor you in case of problems. 

 

You will receive 1 hour of credit towards your Introductory Psychology research option for 

attending this session, even if you decide that you do not wish to participate in this study. 

 

Here is what we will do during this session: 

a. After signing an informed consent, we will ask you to fill out a questionnaire about your 

health history.  We will then tape sensors to your cheek and temple (after cleaning the 

skin with rubbing alcohol) that measure activity in the muscle around the eye during an 

eyeblink.  

b. You will then wear headphones that will enable us to deliver precise sounds to the ears. 

Some of these sounds may be startling to you but are not harmful. The Occupational 

Safety and Health Act (OSHA) states that exposure to sounds of the maximum intensity 

used in this experiment is safe when delivered in a continuous burst that lasts for as long 

as one hour. However, each of our sounds will be less than a tenth of a second long. 

c. During the course of this study, you will be asked to complete a computerized cognitive 

task, the Stroop Test, which involves pressing a button to indicate the color of a word on 

the screen. After having heard the instructions to the task, you will be asked to complete 

the Stroop Test as quickly and accurately as possible.  
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III. Potential Risks  

This study does not pose any significant risk for participating beyond what would normally be 

encountered during everyday life. There may be some mild discomfort when we prepare the skin 

for the sensors due to the evaporation of rubbing alcohol, but the sounds and other experimental 

procedures do not pose any risk to you.  The sensors are held on the skin with specially designed 

adhesive collars, with an adhesion strength closer to that of a Post-It note than a Band-Aid, so 

removal of these adhesive collars is minimally unpleasant. 

 

IV. Potential Benefits 

Your participation in this study will provide valuable information into the relationship between 

the neurological processing systems involved in the startle reflex.  

 

V. Confidentiality 

The information obtained from this study will be used for research purposes only, with your right 

to privacy retained.  Your name will appear only on this informed consent form; all participants 

will be assigned a numerical code to be used as identification on their data records.  Data will be 

reported in group averages, with all records kept in a locked cabinet to protect your 

confidentiality. Your data file will be stored on a computer disk drive until the data are no longer 

useful for research purposes, and then promptly destroyed.  Only the investigators working in Dr. 

Blumenthal’s lab will have access to the research records.  

  

VI. Voluntary Participation 

Your participation in this study is voluntary.  You will earn 1 credit for your introductory 

psychology course research requirement for completing the session. You are under no obligation 

to begin or complete this study.  You are free to withdraw from participation at any time without 

penalty, simply by telling us at any time that you wish to stop. For any reason, you may choose to 

not answer any question(s) that you do not wish to.  If you do not wish to participate in this study, 

just say so and you are free to go. 

 

VII. Inquiries/Questions 

You are encouraged to ask questions of laboratory personnel at any time during the study.  Any 

concerns or questions not answered by the laboratory staff should be directed to the principal 

investigator, Dr. Terry Blumenthal (758-5531). If you have questions about your rights as a 

research subject, contact the Office of Research and Sponsored Programs, 336-758-5888. 

 

VIII. Freedom of Consent 

I understand that participation is voluntary and that I am free to deny consent if I so desire, both 

now and at any time during the study.  My signature below indicates that I have read this 

document in its entirety, all my questions have been addressed, and I am willing to participate in 

this research project. 

 

 

________________________________  ______________________ 

Participant’s signature                Date 

 

 

________________________________  ______________________ 

Investigator’s signature     Date 
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Appendix B. Health History Questionnaire for Stroop Study 1 and Stroop Study 2 

Health History Questionnaire 
 

Instructions: The data we collect can be influenced by a number of factors, so we would like 

some information concerning your health history. These questions will allow us to better 

understand and interpret your responses, and we will not report any individual responses to these 

questions, only group averages. There are no right or wrong answers. If you do not wish to 

answer a particular question, just leave it blank. Please feel free to ask us to clarify any of these 

questions on this form.  

 
Age: _____Years _____Months     Class: _____Freshman    _____Sophomore   _____Junior   

_____Senior  

 

Gender: _____Male     _____Female     

 

Ethnic Category: _____Hispanic or Latino     _____Non Hispanic or Latino 

 

Racial Category:   _____American Indian/ Alaska Native        _____Black or African 

American 

         _____Asian            _____White  

    _____Native Hawaiian or Other Pacific Islander  

     
 

Have you had any colds or ear infections in the last two weeks? If so, please provide details.  

 

 

 

Have you ever suffered any kind of hearing loss, either temporary or permanent? If so, please 

provide details. 

 

 

 

Do you have a history of epilepsy or seizures?  If so, please provide details. 

 

 

 

Are you currently taking any medication? If so, what is it, what is the dosage, and how long have 

you been taking it? 

 

  

 

 

In the past 4 hours, have you consumed:  

 

Caffeine:     Yes            No                                              Tobacco:     Yes            No 

Amount/ number (oz./liters/cups/ other): _______________              Amount/number: 

______________________ 

Form of consumption:______________________________              Form of consumption: 

__________________ 
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Appendix C. ADHD Diagnosis and Medication questionnaire 

ADHD Diagnosis and Medication Questions 

 

Do you currently have a diagnosis of ADD/ADHD? (Please circle one) 

Yes 

No 

[If answer “no,” does not need to advance further. If answer “yes,” continue to subsequent 

questions.] 

 

At what age were you initially diagnosed with ADD/ADHD? 

 Please give a numeric response (e.g. 21): ___________ 

 

When was your last diagnosis/evaluation for ADD/ADHD? 

Please respond with the year (e.g. 2015): ___________ 

 

Who diagnosed you with ADD/ADHD? (e.g., primary care physician, psychologist, etc.) 

a. Primary care physician 

b. Psychologist or psychiatrist 

c. School counsellor or School Learning Assistance Center 

d. Other 

e. Unsure/don’t know 

 

Do you currently take medication for ADD/ADHD? (Please circle one) 

 Yes 

 No 

 

If yes, when did you last take your medication? (e.g., this morning)  

__________________________________________________________________ 
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Appendix D. ADHD Behavior Questionnaire 

 
Behavior Questionnaire 

 

 

 

Your Name:___________________________________________________________________ Date:_________________ 

 

Instructions:  Please indicate how well each item below describes you during the past 

month. 

 
Not at all     Slightly     Pretty Much    Very Much 

     0           1           2               3   1. I fail to give close attention to details or make  

         careless mistakes in schoolwork or other activities. 

    0           1           2               3   2. I often have difficulty sustaining attention. 

    0           1           2               3   3. People say I don't seem to listen when spoken to directly. 

    0           1           2               3   4. I do not follow through on instructions and fail to finish schoolwork or  

         chores. 

    0           1           2               3   5. I have difficulty organizing tasks and activities. 

    0           1           2               3   6. I avoid, dislike, or am reluctant to engage in tasks that require  

     sustained  mental effort, such as homework. 

    0           1           2               3   7. I lose things necessary for tasks or activities (such as school  

         assignments, pencils, books, or tools). 

    0           1           2               3   8. I am easily distracted by sounds or visual stimuli. 

    0           1           2               3   9. I am forgetful in daily activities. 

    0           1           2               3   10. I fidget with my hands or feet or squirm in my seat. 

    0           1           2               3   11. I leave my seat in the classroom or in other situations in which  

           remaining seated is expected. 

    0           1           2               3   12. I run or move about excessively in situations in which it is  

           inappropriate. 

    0           1           2               3   13. I have difficulty playing or engaging in leisure activities quietly. 

    0           1           2               3   14. People say I am "on the go" or act as if I'm "driven by a motor." 

    0           1           2               3   15. I talk excessively. 

    0           1           2               3   16. I blurt out answers before questions have been completed. 

    0           1           2               3   17. I have difficulty awaiting my turn. 

    0           1           2               3   18. I interrupt or intrude on others (such as butting into conversations or 

     games). 
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Appendix E. Informed Consent Form for Stroop Study 3 

 
PARTICIPANT INFORMED CONSENT FORM 

AGREEMENT TO PARTICIPATE IN A RESEARCH PROJECT 

 

STUDY TITLE: Prepulse Inhibition in Contact and Noncontact Sports Players 

 

Principal Investigator:  Dr. Terry Blumenthal  

 

Institution:  Wake Forest University 

 

Location:  Wake Forest University, Greene Hall 109 

 

Participant Name (please print):____________________________________  Date: ________ 

 

IX. Introduction 

You are invited to participate in a research study that is concerned with reflexive responding to 

certain visual cues and sounds. Your participation in this study is voluntary. Please ask the 

Principal Investigator or study staff to explain any words or information contained in this 

informed consent document that you do not understand.   

 

X. Description of Study 

The purpose of this research study is to collect information about how the brain processes stimuli.  

An informed consent and brief health questionnaire will ask questions related to your 

participation in the study as well as your health history. You will then complete a short 

computerized Stroop Test. Although not all aspects of the research (none of which are reasonably 

expected to affect your willingness to participate) can be fully described at this time, study details 

will be provided at the conclusion of the study.  The study procedures will be further explained 

before the session begins. The session will take about 60 minutes to complete.  We will be 

placing sensors on your temple and beneath your left eye, and we will ask you to wear 

headphones that will present sudden bursts of noise. You will also be asked to relax and remain as 

still as possible while we present a variety of sounds and record your eyeblink responses.  

 

You will receive 1 hour of research credit for attending this session, even if you decide that you 

do not wish to participate in this study after reading the form. 

 

Here is what we will do during this session: 

d. After signing an informed consent, we will ask you to fill out a questionnaire about your 

health history.  We will then tape sensors beneath your left eye and temple (after cleaning 

the skin with rubbing alcohol) that measure activity in the muscle around the eye during 

an eyeblink.  

e. You will then wear headphones that will enable us to deliver precise sounds to the ears. 

Some of these sounds may be startling to you but are not harmful. The Occupational 

Safety and Health Act (OSHA) states that exposure to sounds of the maximum intensity 

used in this experiment is safe when delivered in a continuous burst that lasts for as long 

as one hour. However, each of our sounds will be less than a tenth of a second long. 

 

XI. Potential Risks  

This study does not pose any significant risk for participating beyond what would normally be 

encountered during everyday life. There may be some mild discomfort when we prepare the skin 
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for the sensors due to the evaporation of rubbing alcohol, but the sounds and other experimental 

procedures do not pose any risk to you.  The sensors are held on the skin with specially designed 

adhesive collars, with an adhesion strength closer to that of a Post-It note than a Band-Aid, so 

removal of these adhesive collars is minimally unpleasant. 

 

XII. Potential Benefits 

Your participation in this study will provide valuable information into the relationship between 

the neurological processing systems involved in the startle reflex.  

 

XIII. Confidentiality 

We will take the following steps to protect your confidentiality. The information obtained from 

this study will be used for research purposes only, with your right to privacy retained.  Your name 

will appear only on this informed consent form; all participants will be assigned a numerical code 

to be used as identification on their data records.  Data will be reported in group averages, with all 

records kept in a locked cabinet to protect your confidentiality. Your data file will be stored on a 

computer disk drive until the data are no longer useful for research purposes, and then promptly 

destroyed.  Only the investigators working in Dr. Blumenthal’s lab will have access to the 

research records.  

  

XIV. Voluntary Participation 

Your participation in this study is voluntary.  You will earn compensation for completing the 

session. You are under no obligation to begin or complete this study.  You are free to withdraw 

from participation at any time without penalty, simply by telling us at any time that you wish to 

stop. For any reason, you may choose to not answer any question(s) that you do not wish to.  If 

you do not wish to participate in this study, just say so and you are free to go. 

 

XV. Inquiries/Questions 

You are encouraged to ask questions of laboratory personnel at any time during the study.  Any 

concerns or questions not answered by the laboratory staff should be directed to the principal 

investigator, Dr. Terry Blumenthal (758-5531). If you have questions about your rights as a 

research subject, contact the Office of Research and Sponsored Programs, 336-758-5888 or 

irb@wfu.edu. 

 

XVI. Freedom of Consent 

I understand that participation is voluntary and that I am free to deny consent if I so desire, both 

now and at any time during the study.  My signature below indicates that I have read this 

document in its entirety, all my questions have been addressed, and I am willing to participate in 

this research project. 

 

 

 

________________________________  ______________________ 

Participant’s signature     Date 

 

 

 

________________________________  ______________________ 

________________________________  ______________________ 

Investigator’s signature     Date 
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Appendix F. Health History Questionnaire for Stroop Study 3 

Health History Questionnaire 
 

Instructions: The data we collect can be influenced by a number of factors, so we would like 

some information concerning your health history. These questions will allow us to better 

understand and interpret your responses, and we will not report any individual responses to these 

questions, only group averages. There are no right or wrong answers. If you do not wish to 

answer a particular question, just leave it blank. Please feel free to ask us to clarify any of these 

questions on this form.  

 
Age: _____Years _____Months       

 

Gender: _____Male     _____Female     

 

Ethnic Category: _____Hispanic or Latino     _____Non Hispanic or Latino 

 

Racial Category:   _____American Indian/ Alaska Native        _____Black or African 

American 

         _____Asian            _____White  

    _____Native Hawaiian or Other Pacific Islander  

     
 

Have you had any colds or ear infections in the last two weeks? If so, please provide details.  

 

 

 

 

 

 

 

Have you ever suffered any kind of hearing loss, either temporary or permanent? If so, please 

provide details. 

 

 

 

 

 

 

 

Have you ever been diagnosed with any psychiatric condition (e.g. schizophrenia, depression, 

anxiety, etc.)?  If so, please provide details. 

 

 

 

 

 

 

 

Are you currently taking any medication? If so, what is it, what is the dosage, and how long have 

you been taking it? 
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Do you regularly participate in a sport? Please describe:  

 

 

 

 

How long have you played your sport? 

 

 

 

Does your sport involve head impact exposure (e.g. in the form of headers, tackling, direct helmet 

contact with another player, etc.)? 

  

 

 

 

Have you ever sustained a concussion? If so, please answer the following: 

 

 

How many concussions have you sustained? 

 

 

 

How severe was your concussion(s)? 

  

 

 

 

Head impacts may not always result in a clinical diagnosis of concussion, but the repetitive nature 

of smaller, lower impact hits may produce subconcussive symptoms, such as dizziness, nausea, 

headache, and short or long-term memory loss. Have you ever experienced any of these 

symptoms? If so, please explain:  

 

 

 

To what extent have you experienced head impacts? That is, how often do you experience these 

head impacts in your sport (e.g. multiple times in a single practice, a few times in a single 

practice, rarely if ever in a single practice, etc.) 
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Appendix G. Electrode Placement (nasal, temporal, and ground electrodes) 
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