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ABSTRACT 

Fatigue is a term used in several fields; yet, use of the term mental fatigue 

regarding listening to auditory signals has been minimal. Of studies which have been 

completed, listening fatigue has mostly included populations such as children and 

individuals with hearing loss. At this point, listening fatigue research has not included 

college students. Learning may be negatively impacted by student’s listening fatigue and 

sustained effort. This study examined neuro-typical participants by evaluating two 

conditions. The first condition allowed for examination of objective performance (i.e., 

auditory processing tests) and subjective ratings of fatigue before a full day of classes, 

compared to the second condition that allowed for examination of objective performance 

and subjective rating after a full day of classes. While some individual changes in 

performance were noted, the objective testing did not yield significantly different results 

between before class and after class conditions. The subjective results indicated 

significantly more fatigue in the after class condition as compared to the before class 

condition. Results from this study may suggest college students are able maintain their 

auditory processing abilities after being in class; however, maintaining this ability may be 

at the expense of their perceived fatigue. 

   

 

Keywords: auditory processing, listening fatigue, fatigue, listening effort, college 

students 
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CHAPTER 1 

INTRODUCTION TO LISTENING EFFORT AND FATIGUE 

Listening is an aspect of communication that individuals perform effortlessly. As 

part of the listening experience, noise can impact speech comprehension abilities. 

Individuals who have normal hearing are typically able to process important aspects of 

speech, as well as disregard background noise in the environment. Listeners with normal 

hearing are able to filter out noise and non-important information in order to focus on the 

relevant information. Individuals with hearing loss have to apply more listening effort, 

which can lead to increased levels of fatigue. Both children and adults with hearing loss 

have been the focus of previous studies; however, college students with typical hearing 

have largely been overlooked.  

Communication and Fatigue 

Communication has been studied for centuries among different professions (e.g., 

philosophy, psychology, audiology, speech-language pathology). Communication is the 

foundation of learning; thus, communication must be efficient for humans to evolve and 

belong to a group (Berger & Luckmann, 1966; Smith, 1998). Communication and 

cognition can be complex (i.e., many variables can make understanding difficult). Some 

of the complexities involved in communication include listening effort and fatigue. 

Listening effort and fatigue studies date before the 1950’s and are often closely related to 

each other due to their foundational role in communication.  

Broadbent (1958) described several researchers who conducted studies on noise 

and performance. He reported noise negatively impacted performance in the majority of 

these studies. Noise and effect of task performance are directly related to listening effort. 
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A general definition of listening effort encompasses the person’s ability to allocate the 

“resources required to understand speech” (McGarrigle et al., 2014, p. 2). In other words, 

effort is defined as how much of the listener’s cognitive resources are required to 

understand the message. McGarrigle et al. (2014) describe listening in stages. The first 

stage is whether the source of the signal is clear or distorted. The second stage includes 

any effects on transmission of the sound from source to listener. The last stage relates to 

differences in the listener, such as a disability or impairment. These are important factors 

to be successful in communication, and a person may have to expend effort to listen to 

and understand speech through any of these stages.  

Fatigue is often an effect or consequence of exertion and sustained mental effort 

(e.g., exercising, listening). Listening fatigue is a mental/cognitive tiredness as the result 

of the exertion of effort it takes to listen to and understand speech (Hicks & Tharpe, 

2002; McGarrigle et al., 2014). Fatigue may vary for different populations. For example, 

in children, fatigue may appear as lack of energy, short-tempered nature, stress, physical 

tiredness, and mental exhaustion (Bess & Hornsby, 2014). Reducing fatigue is important 

to avoid impaired decision making and to maintain attention and concentration (Hornsby 

et al., 2014). For individuals with normal hearing, fatigue and listening effort may 

influence their learning and understanding abilities. For example, from grade school 

through college, students attend courses and learn new information throughout their day. 

An abundance of research has focused on grade-school students with normal hearing and 

with hearing loss; however, there is an absence of research in the population of college 

students. College students may also be experiencing listening effort and fatigue, similar 

to younger children.  
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Cognition 

In everyday listening situations, individuals’ unconsciously disregard irrelevant 

information throughout the environment. This allows them to focus on important 

information. A functional example would be speech in noise. People use their cognitive 

resources unconsciously in situations with speech in noise. The brain hears the noise and 

is able to disregard the noise and attend to the speaker by filtering the less important 

information. Listening in noise can be hard because we have two tasks: ignore noise and 

listen to the speaker. As part of students’ responsibilities, they are expected to listen, take 

notes, and understand new information. Not only are students expected to understand the 

message, but also filter out unnecessary information (e.g., noise). Saramapalis et al. 

(2009) examined short term memory and repetition performance in participants with 

normal hearing during a simultaneous task. They found background noise can negatively 

impact performance, especially when the signal to noise ratio becomes negative. This 

listening environment can impact overall performance in noise. 

Research uses the dual task experimental paradigm to measure allocation of 

cognitive resources when an individual is trying to do multiple tasks at one time. The 

dual task paradigm can apply to communication abilities and what cognitive resources 

must be used to understand speech. As the task shifts from simple to complex, the 

resources needed to complete the task increase (Hornsby et al., 2016; Sarampalis et al., 

2009). As a second task becomes involved, the resources needed to complete both tasks 

also increase. The amount of cognitive resources used differs from task to task. The more 

demanding task will use more cognitive resources than the less demanding task; however, 
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eventually the effort of completing more than one task will negatively impact 

performance on one or both tasks (DeLuca, 2005; Saramapalis et al., 2009).  

Dual task experiments can also be conducted without auditory stimuli (Karatekin, 

2004). Dual task paradigms are often used for research purposes because such tasks 

closely relate to functional abilities. People are able to attend to different tasks at the 

same time in everyday life. For example, driving a vehicle and talking on the telephone 

are two tasks that numerous people engage in that would be considered a dual task 

paradigm. There are several studies in psychology regarding dual task performance, for 

example: “Test Your Awareness: How Many Basketball Passes Does The White Team 

Make?” The viewer is instructed to count the number of times the basketball players are 

passing the ball to their teammates. During the task, a large gorilla enters the court and 

walks in the middle of the players. Most viewers miss the presence of the gorilla because 

they are focused on counting the number of passes. This is a good example of how the 

human brain is typically less effective at two tasks when compared to the effectiveness of 

performing only one task. College students often complete multiple tasks at a time (e.g., 

taking notes, listening, and understanding the instructor). At this time, research has not 

included college students’ abilities to listen and learn.   

Previous Study 

Murphy et al. (2019) analyzed the differences between auditory processing 

disorder (APD) testing methods and implications of body positions. They examined five 

tests: Masking Level Difference (MLD), Filtered Words (FW), Staggered Spondaic 

Words (SSW), Pitch Pattern (PP), and Dichotic Digits (DD) in two different conditions. 

The first condition was performed via an audiometer and CD player with TDH 50 P 
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supra-aural headphones in the sitting condition (i.e., a traditional testing method used in 

audiology). The second condition (i.e., the supine condition), was performed via a 

computer, with Sennheiser headphones in the supine position. The goal of the study was 

to examine performance differences between conditions; however, anecdotal evidence 

from participants revealed an extraneous factor: fatigue. Fatigue was not controlled for 

nor originally thought to play a role in APD performance in neurotypical college 

students. However, results indicated that fatigue may have negatively impacted 

performance. Some participants indicated the test was much harder when they had classes 

all day, compared to other participants who reported the test was easier when they did not 

have classes all day. When analyzing the potential for fatigue in the neurotypical college 

student participants, it could not be ruled out that such fatigue impacted results. Listening 

fatigue has largely been evaluated in children with hearing loss and occasionally in adults 

with hearing loss; however, college students’ listening fatigue has not been evaluated at 

this point.  

College Age Student  

Why would assessing college age students’ listening fatigue be helpful? Research 

has examined adults and children in listening situations and found children are at a 

significant risk for listening fatigue. Children are introduced to new topics and are 

expected to hold and apply new information. Many studies have assessed children’s 

listening fatigue, as well as adults’ listening fatigue. In fact, Hornsby (2013) found that 

decreased attention, impaired decision-making, and decreased concentration occurs in 

adults with listening fatigue. Nachtegaal et al. (2009) used a speech-in-noise test to 

determine level of fatigue throughout the workday with their employees who had hearing 
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loss. They found employees with hearing loss were more likely to be mentally fatigued 

due to listening effort while at work. These individuals were more likely to need a 

recovery period before their next day of work. They reported lack of energy, social 

isolation, and psychosocial distress. Functionally, these individuals were experiencing 

difficulty at work due to listening effort, resulting in cognitive fatigue. Several 

researchers have found evidence that children with hearing loss also tend to exert high 

levels of effort listening in school and can become mentally fatigued (Bess & Hornsby, 

2014; Bess et al., 2017; Bess et al., 2014). The question becomes whether sustained 

listening effort resulting in fatigue applies to students in college.  

Before discussing fatigue related to learning, it is important to understand other 

studies that have evaluated general effort and fatigue. Davis (1946) evaluated the 

performance scores obtained from mock flights by 32 air pilots in training (i.e., students). 

Three recordings were obtained to determine overall performance and if errors existed. 

The results were categorized in either the normal, overactivity, or withdrawal class. The 

simulation was stress induced/required effort by requiring sustained effort of 2 hours of 

consistent flight time. Results indicated the longer the task continued, the more flight 

errors were made. Davis also found individual differences with how long it took before 

significant errors were noted.  

Another study by Hockey (1997) also discussed stress, effort, and fatigue. Hockey 

(1997) describes the cognitive energetic theory that involves the effect on performance 

due to stressful workloads. The main goal of this study was to evaluate the relationship 

between compensatory effort during stressful situations and how performance was 

increased or decreased. According to the cognitive energetic theory, effort can be 
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managed and controlled to maintain a consistent performance (Audiffren, 2009). People 

can regulate their output depending on their perceived goal (e.g., completion of the task). 

For example, if a student is in class from 8:00 a.m. to 1:00 p.m. (i.e., the goal being, 

students in class and learning for 5 hours), that student will have different effort 

regulation than a student in class from 8:00 a.m. to 6:00 p.m. (i.e., the goal being in class 

for 10 hours). Hockey (1997) speculates that humans use “perceived value of tasks goals, 

in the response to challenge, in the capacity for sustained work, and in the tolerance of 

aversive states associated with high levels of strain” (p. 86). Hockey also discusses 

fatigue and how humans have the ability to change their cognitive effort for specific 

amounts of time. He suggests that people performing high stress tasks will have a 

decrease in accuracy/performance due to the human nature to need to recover (i.e., from 

expended effort). He also suggests that individuals will perform and fatigue differently 

based on their active or passive coping styles. Individuals using active coping styles are 

likely to put more effort into performing a task, leading to fatigue; whereas, individuals 

with passive coping styles are likely to put less effort into performing a task and may be 

less fatigued.  

Fatigue can also be categorized by stress and tiredness. Montgomery (1983) 

examined tiredness/fatigue with anxiety and depression. His goal was to examine 

undergraduate students who reported that they experience “unusual tiredness that 

significantly influencing their daily functioning” to determine if these traits were linked 

to higher depressive and anxiety scores (p. 518). These students completed The Fenz-

Epstein Scale, the Tiredness Scale, Eysenck Personality Inventory, the Beck Depression 

Inventory, and a health and habits survey. Several aspects such as age, sex, and academic 
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achievement were evaluated. Montgomery examined amounts of sleep between genders 

with objective and subjective measures. He found that the amount of sleep did not predict 

which gender would be more tired. He observed that females typically rated their sleep as 

satisfactory and rated tiredness and fatigue lower when compared to males. When the 

students’ scores for the depression and anxiety scales were compared, most students 

showed an anxiety response more than a depressive response. Montgomery believes 

college students experience fatigue because of the “cognitive or physical activity of 

chronic anxiety, or of persistent work” and prolonged stress (p. 523).  He also suggests 

that research has shown when students are stressed and/or fatigued, the body’s 

sympathetical response is to conserve and withdraw. Kahneman (1973) evaluated 

participants’ abilities to cognition regulation. His participants displayed an ability to 

regulate and change their cognition throughout the day based on task and intended effort. 

He suggests that humans have the ability to regulate and allocate their cognition based on 

the overall goal and length of time needed to complete a task. For example, a student who 

has classes for a total of 3 hours a day may regulate their cognition differently than a 

student who has classes for a total of 6 hours a day. If a student mis-regulates their 

cognition, negative impacts may arise. Therefore, stress and fatigue may influence 

academic performance if mis-regulations occur.  

When considering effort and fatigue literature in college students, it may be 

important to note the students’ performance/abilities in class. Locke (2015) examined 

undergraduate students’ note-taking abilities to determine if long term effects on 

performance occur. Locke recruited undergraduate students in face-to-face lectures. He 

examined and scored their notes as compared to the professor’s notes. When calculating 
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scores, he found that students’ scores ranged from 39% to 76% with an average of 60%. 

He also found that when professors write information on the blackboard, note-taking 

abilities increased by 37%. Locke also accounted for fatigue and possible effects in the 

students’ note-taking abilities. He found a decrease in note-taking abilities as the lecture 

went on in time. For example, he found a drop in performance of approximately 17% 

when comparing the first part of class to the last part of class. His finding clearly suggests 

that college students become fatigued, even during the period of one class. This opens the 

question to further examine how much performance is negatively impacted in college 

students who attend classes all day.  

Based on national statistics, college student age ranges are between 14 and 35+ 

years, with an average between 20 and 21 years (National Center for Educational 

Statistics, 2018). Since age may significantly impact college performance, will 

undergraduate or graduate students’ performance differ due to knowledge and experience 

(Stewart et al., 2007)? Ickes et al. (2015) found similar stress levels between 

undergraduate and graduate students (i.e., 39.5% of undergraduate students and 43.2% of 

graduate students reported being under “much stress”). However, coping methods were 

significantly different between the two groups. They found undergraduate students were 

more likely to use risky behavior such as smoking, doing drugs, and drinking alcohol; 

whereas, graduate students were more likely to use social support, have pets, and 

exercise. Taking previous research into account, it is necessary to understand that 

depending on degree, course load may vary. To control extraneous variables among 

participants, recruitment for the current study included full time graduate students within 

the School of Health Professions.  
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College age students are introduced to new topics and are expected to apply the 

new knowledge. Graduate students may face an even higher expectation of learning, 

retaining, and applying information. Research shows listening fatigue may negatively 

influence performance. How do professors know if their students are experiencing 

listening fatigue? If students experience mental fatigued, what are additional 

consequences that may impact their education? Will the students be less effective and 

efficient at retaining knowledge and learning new abilities because of their fatigue? This 

particular population (i.e., college age students) has been understudied, and negative 

implications have been overlooked. Alhanbali (2017) evaluated listening effort and 

performance variables in adult participants with hearing impairment. They found when 

effort is applied for a period of time, performance can decrease due to listening fatigue. 

They found similar results across their participants regardless of age (i.e., 50 to 85 years 

of age). This aligns with Locke’s research findings that student note-taking abilities and 

listening performance decrease over time. It is also important to note that college students 

are exposed to difficult listening situations throughout their day, which may require more 

mental exertion and listening effort as compared to ideal environments. This may also 

result in fatigue. Furthermore, Murphy et al. (2019) indicate a need to further investigate 

this phenomenon. Could college age students be fatiguing toward the end of the day, and 

if so, could this impact their learning abilities? This study will attempt to assess if 

auditory performance is influenced by listening fatigue in college students.  
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CHAPTER 2 

LITERATURE REVIEW 

General Information 

The goal of the current study was to expand on Murphy et al.’s (2019) study to 

further examine the impact of listening fatigue on auditory processing tasks in college 

students. This literature review further defines effort and listening fatigue, summarizes 

populations that may be more susceptible to fatigue, examines the relationship of hearing 

loss and fatigue, reviews how auditory processing abilities play a role in listening fatigue, 

and examines different methodologies used to measure listening fatigue.     

Listening Effort 

 When listening to an auditory signal, our auditory system, brainstem, and cortex 

are responsible for filtering unnecessary information so that a person may respond to 

useful information. Additionally, the auditory system is responsible for auditory 

awareness, auditory discrimination, auditory identification, and auditory comprehension 

(Weaver & Rutherford, 1974). The first part of listening includes awareness. Is the person 

aware of a signal? After the auditory awareness skill has been mastered, the next step is 

discrimination. Is the person aware that two signals are different? Auditory identification 

includes the person being able to identify the signal source. For example, a cow mooing 

will sound different from a cat meowing. An example of auditory comprehension would 

be verbalizing or answering questions regarding a story (i.e., the listener understanding 

the meaning and components of the story) (Weaver & Rutherford, 1974). All of these 

basic skills play a role in auditory development. For example, when performing an 

audiological evaluation, the pure tones identify the lowest levels of auditory awareness. 
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Can the person raise their hand when they hear the beep? After the basic auditory skills 

have been mastered, skills regarding speech understanding are strengthened. Speech is a 

complex signal and may involve more cognitive processing than raising your hand when 

you hear a beep.  

More complex processing skills are used in tasks such as dichotic listening, 

listening to degraded speech, using auditory memory, understanding time compressed 

speech, and comprehending competing words/sentences. In order for an individual to 

understand speech in noise, they are required to use higher-level auditory/speech-

language skills. Depending on the listening situation, an individual will apply differing 

amounts of effort to comprehend the signal, with the higher-level processing skills 

requiring more mental effort and cognitive resources than lower level auditory skills. 

Walker and Picou (2019) describe listening effort as the mental exertion and cognitive 

resources an individual uses to understand auditory information (i.e., hear, filter out 

unwanted signals, and comprehend an auditory signal). More specifically, they suggest 

that listening effort can be described as an individual’s ability to use cognitive resources 

to comprehend the message/task. Even in those with normal auditory skills, distance, 

reverberation and background noise in everyday situations can inhibit the ability to listen 

effectively. They also suggest the more effort an individual has to sustain in order to 

communicate effectively, the more fatigued they will become by the end of the day.  

Fatigue 

 Fatigue is a highly debated topic with no agreed upon definition. Fatigue can be 

defined in several ways. For example, fatigue can be defined as a physical response (i.e., 

from sustained physical effort) including: loss of muscle ability, tiredness, weakness, and 
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loss of energy due to physical effort and body exertion. This definition is often used in 

exercise. In the field of audiology, fatigue is often correlated to listening effort (i.e., 

sustained mental effort put forth to listen to an auditory message). In this case, fatigue 

may be described as a loss of cognitive abilities, loss of concentration, loss of 

effectiveness, lack of motivation, and mental tiredness (Camarata et al., 2019). Because 

fatigue can be a general or specific term, it can be measured in several different ways (see 

Figure 1).  

Figure 1: Summarizing Fatigue Measurements.  

Fatigue can have negative consequences. Not only can fatigue negatively impact 

performance, but it can also lead to an increase in accidents, decrease in concentration, 

decrease in decision making skills, increase in distractible behaviors, increase in 

inattentiveness, and less overall effectiveness of skill sets (Camarata et al., 2019). For 

example, Marcora et al. (2009) evaluated mental fatigue and how performance decreases 

when a person is exposed to sustained demanding tasks. They examined cyclists during a 

high intensity exercise while completing different mental tasks. They found that sustained 

mental effort negatively impacted physical effort. Goode (2003) examined air pilots and 

the demanding mental task of flying for long periods of time (i.e., sustained mental 
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effort). The results yielded a high correlation among accidents with sustained periods of 

mental exertion, meaning the longer the pilots flew, the more at risk they were for 

accidents due to fatigue. Lorist et al. (2005) discussed how mental fatigue can negatively 

impact the brain’s ability to regulate physiological function related to sustained dopamine 

transmission, thus decreasing performance. Overall, these researchers examined sustained 

mental effort and found an increase in errors and a decrease in performance. With this 

information in mind, it is important to consider if college students apply mental effort to 

understanding the lectures from courses, resulting in listening fatigue.  

Listening fatigue can be induced by sustained effort which has been shown to 

result in poor temper, mental exhaustion, loss of attention, and lack of energy (Bess & 

Hornsby, 2014; Camarata et al., 2019). The sustained exertion of effort applied to 

listening in challenging auditory environments can lead to listening fatigue. College 

students must attend to class for long periods of time throughout the day thus exerting 

sustained effort to listening to the speaker. The speaker and information provided may be 

of importance for the student, so how do students listen successfully all day? Eckert et al. 

(2016) found when the signal message is of value, listening effort and fatigue are 

anticipated and adaptive controls are often utilized. This may mean that individuals have 

the ability to control listening effort and thus lessen auditory fatigue in cases where less 

valuable information is presented. Functionally, if an individual is listening to an auditory 

task of value and if this effort is sustained over time, the person may become fatigued.  

Important Factors to Consider with Fatigue Studies 

 Researchers in the realm of subjective fatigue have cautioned about extraneous 

variables that may negatively impact studies. Because of the lack of a “gold standard” 
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definition, many researchers have examined different factors that may lead to an increase 

in fatigue, such as: age, sleep disorders, neurological disorders, time of day, hearing loss, 

and auditory processing disorders.  

Age can play a key role in listening effort and fatigue (Zekveld et al., 2011). 

Listening effort and fatigue studies have focused on the pediatric population, especially 

children with hearing loss. Hicks and Tharpe (2002) conducted a study using the dual 

task paradigm with children with and without hearing loss. When comparing the two 

populations, the children without hearing loss exerted less effort than the children with 

hearing loss. Bess et al. (1998) also compared educational performance of children with 

normal hearing and those with hearing loss. They found a significant difference in 

performance between the two populations. Listening effort and fatigue have been 

examined in adults with hearing loss as well. Alhanbali et al. (2018) evaluated the 

relationship between handicap and fatigue by using word recognition tasks. Their study 

found significant correlations between perceived handicap and listening fatigue. 

McAuliffe et al. (2012) found higher reports of perceived listening effort and fatigue 

among elderly participants with hearing loss as compared to younger adults with hearing 

loss. Research in adults with hearing loss has shown variability in listening effort 

(McAuliffe et al., 2012; Wagner et al., 2019).  

Several factors may influence the difference in performance between adults and 

children. First, auditory closure abilities may play a role in performance and fatigue 

differences among adults and children. Auditory closure is the ability to fill in the gaps of 

missing information with previous knowledge and auditory experience (Parthasarathy, 

2005). For example, if a message is given to an adult but certain acoustical disruptions 
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occur (e.g., background noise or soft/mumbled speech), most adults are able to process 

the information by filling in the gaps of missing acoustic information and understand the 

message (Parthasarathy, 2005). However, children have less auditory experience and may 

be unable to fill in the gaps of missing auditory information to understand the message.  

Another factor relates to the fact that children attend school, with most of their 

day spent engaged and learning new concepts. Adults attend work, which may be more 

routine. Adults may be less likely than children to be learning new concepts. College age 

students are in a unique situation, having auditory experience somewhat like adults while 

also being engaged and learning new concepts throughout their day with structured 

learning. Watson and Kidd (2002) discussed Karlin’s work from 1942 that indicated 

college age students with normal hearing should have a variety of auditory abilities; 

however, this research has not examined the possibility that college students may be 

experiencing fatigue (Le Prell et al., 2011). Watson and Kidd (2002) also found 

differences in performance in different age groups; therefore, it is important to compare 

individual results those from peers of similar age.  

Hossain and colleagues (2005) evaluated subjective sleepiness and subjective 

fatigue. They examined participants with sleep disorders via several questionnaires/scales 

over a year’s time. They confirmed that people with sleep disorders have a high incidence 

of symptoms of fatigue; however, subjective reporting of fatigue and sleepiness were 

inconsistent. Results indicated that this population might not rate their fatigue accurately 

(i.e., as significant as it truly is). As another example, Lichstein et al. (1997) examined 

possible reasons why participants with sleep disorders complain of fatigue and whether or 

not participants rated their fatigue differently. They found at least half of participants 



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

17 

with sleep disorders complained of fatigue and rated fatigue as more severe. He also 

found large variations in fatigue complaints among the participants with a sleep disorder 

diagnosis. Excluding participants with sleep disorders would eliminate variability, which 

could be an extraneous variable.  

Other disorders such as neurological disorders results in have large variations in 

fatigue as well. Veauthier and Paul (2014) investigated neurological disorders such as 

multiple sclerosis and fatigue through a database analysis. They specifically searched for 

the following terms: sleepiness, chronic fatigue, sleep disorders, and multiple sclerosis. 

Their results indicated a strong relationship between multiple sclerosis and nocturia that 

negatively impacts sleep, which may lead to fatigue. They also concluded other disorders 

may have more mild or more severe fatigue symptoms; therefore, participants with a 

history of neurological disorders were excluded from participating in the current study.  

Listening fatigue also varies throughout the day. For example, research in the area 

of children and hearing loss has speculated there is more fatigue at the end of the day 

when compared to the beginning of the day (Hornsby et al., 2014). Doer et al. (2018) 

evaluated couples’ stress levels over a five day time period. They confirmed that stress 

and fatigue were highly correlated and that fatigue varied throughout the day. Sievertsen 

et al. (2016) examined cognitive fatigue in students taking standardized tests. They found 

that performance (i.e., scores) decreased later in the day as compared to performance 

earlier in the day. They evaluated scores from a database based on grade, age, sex, topics, 

and breaks. They found as students take longer to complete the test (i.e., continue later in 

the day), the more the score will decrease. Walker and Picou (2019) found that 

differences in listening performance with a goal oriented task changed throughout the 
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day, suggesting listening effort and cognition may influence performance abilities. 

Therefore, this study will examine listening fatigue during two parts of the day (before 

class condition in the morning and an after class condition in the afternoon).  

The relationship between hearing loss and fatigue have been studied throughout 

the years to determine if people who have hearing loss are at greater risk of listening 

fatigue. As discussed in the Introduction section, the third stage of listening involves the 

ability or limitation of the listener (McGarrigle et al., 2014). Typically, sensorineural 

hearing loss can cause an underlying distortion of the signal. Damage to the inner ear 

and/or auditory nerve can negatively impact the representation of the acoustic signal. In 

this case, hearing loss would be the disability or limitation of the listener. When 

environmental/speech noise is added, the auditory system has difficulty filtering noise, 

which impacts understanding of the target signal (Yost, 2006). This involves the second 

stage of listening (i.e., the background noise is causing an interference of the signal) 

(McGarrigle, 2014; Yost, 2006). The listener exerts more energy and cognitive resources 

to listen to and understand the message in noise with an already distorted auditory system 

(i.e., listening stages two and three are altered, which negatively affects performance). 

Research suggests that individuals with hearing loss tend to exert more effort in listening, 

which results in mental fatigue (Hornsby, 2013). Hicks and Tharpe (2002) did not find a 

significant relationship between hearing loss and fatigue in their study of children; 

however, the authors did note that an impact of listening fatigue could not be ruled out. 

Hearing loss and the effect of fatigue are important to consider; therefore, the present 

study will exclude participants with hearing loss.  



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

19 

Other disorders such as auditory processing disorder can cause individuals to be at 

risk for increased listening effort and/or listening fatigue (Tanaka et al., 2015). 

Unfortunately, there is minimal research on APD and listening effort and fatigue. 

Symptoms of APD include inability to understand foreign accents or rapid speakers, poor 

auditory discrimination and memory, inability to follow directions, difficulty 

understanding others, difficulty understanding the television/phone, and difficulty 

understanding speech in noise (American Academy of Audiology [AAA], 2010; 

American Speech-Language and Hearing Association [ASHA], 2005; Education 

Audiology Association [EAA], 2015; Katz, 1992). Although no cure has been found for 

APD, listening strategies can be implemented to improve speech understanding. Due to 

the nature of the disorder, research has found listeners with APD tend to exert more effort 

in comprehending the message, which may lead to listening fatigue and mental 

exhaustion (Dobrzanski & Duff, 2007). For this study, participants with a known 

diagnosis of APD were excluded.    

Fatigue can be assessed in several ways. One particular way could be the use of 

auditory processing testing. Murphy et al. (2019) conducted a study of college students 

with normal auditory processing abilities and found participants reported fatigue during 

auditory processing disorder (APD) testing. Results suggest a possible relationship 

between fatigue and auditory processing performance in college-age students. Given that 

processing abilities vary and that college-aged students may have fatigue from learning, it 

is relevant to research whether college students become fatigued after structured learning 

and if this fatigue impacts their auditory processing ability. With this in mind, it is 
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important to discuss the different methods which can be utilized to assess listening 

fatigue.  

Subjective Measurements of Fatigue 

Subjective measurements of fatigue can be implemented in several forms, 

including self-reporting, ratings, assessments/questionnaires, or other screening methods 

to evaluate perception of listening effort and fatigue (Hornsby et al., 2016; McGarrigle, 

2014). The variety of methods allows a subjective manner of analyzing differences of 

perceptions of effort and fatigue among different populations. Results vary from person 

to person due to perceptual differences, as well as individual differences in auditory 

processing abilities. One person may report excessive effort exertion, whereas others may 

report minimal effort exertion.  

McGarrigle et al. (2014) published an article that includes a table of subjective 

measures used in the realm of listening effort. Most studies have examined listening 

effort and perceived listening effort; however, few authors have used fatigue-only 

measurements. Perhaps this is due to the underlying correlation between listening effort 

and fatigue and the lack of clear differentiation between the two terms. Hornsby (2013), 

for example, analyzed cognitive listening fatigue in his study using listeners with hearing 

aids. He divided the definition of fatigue into mental and physical attributes. Mental 

attributes are considered mental and emotional exhaustion, along with difficulty focusing 

and maintaining attention. Body weakness was the main physical attribute identified. 

Hornsby (2013) designed his own subjective measurement using modified questions from 

the Speech, Spatial, and Qualities (SSQ) hearing scale and the Multidimensional Fatigue 

Symptom Inventory. The SSQ is a scaled measure (i.e., rating scale) that is well known 
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for its high sensitivity in determining presence of listening effort. He combined these two 

scales to better evaluate his research question (i.e., he customized his questionnaires). He 

found he was able to maintain specificity and sensitivity of his overall project by 

personalizing previously successful scales.  

Similarly, Nachtegaal et al. (2009) selected subsets of the Job Content 

Questionnaire and Need for Recovery Scale a subscale of the Dutch questionnaire called 

the De Vragenlijst Beleving en Beoordeling van de Arbeid (Karasek et al., 1998; Van 

Veldhoven & Broersen, 2003). Nachtegaal et al. (2009) reported selecting these 

measurements because of their high sensitivity and reliability. Nachtegaal et al. (2009) 

designed a survey that included participants with normal hearing and hearing loss, having 

both groups rate fatigue. Participants completed an online speech-in-noise task. His study 

identified that hearing status and the need for recovery were highly correlated, and 

participants with hearing loss often needed a “recovery period.” This information may 

suggest if participants were given a “recovery period,” they would likely maintain 

cognitive performance toward the end of the day when compared to participants who 

were given no “recovery period.” The scales selected allowed them to determine the level 

of induced fatigue within their task (i.e., a functional task that is related more to everyday 

hearing such as listening in noise).   

The Iowa Fatigue Scale (IFS) has been used in several research studies (Watson et 

al., 2003). This questionnaire has 11 questions and can be quickly completed. Results can 

easily be scored as an overall fatigue value or divided into four subsections: cognition, 

fatigue, energy, and productivity. Hartz et al. (2003) used the IFS and several other 

questionnaires to assess fatigue in primary caregivers. The researchers examined the IFS 
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and other questionnaires to determine effectiveness across different measures. They 

reported the IFS serves as a good screening or monitoring measurement that can be easily 

and quickly completed. Hadi et al. (2012) found good reliability and validity when using 

the IFS in their study involving measuring fatigue (mental and physical) in diabetic 

patients. Bryant et al. (2012) used the IFS to assess falls impacted by physical fatigue in 

patients with Parkinson’s disease. They explained that fatigue can be multidimensional 

and aimed to assess fatigue from several aspects. They also reported the IFS as a quick 

self-assessment that maintains reliability and validity. Based on literature reviews, the 

IFS measures participants’ overall fatigue in detail and in general; thus, it can be scored 

based on the aspect the researcher is measuring.  

Objective Measurements of Fatigue 

 Until recently, objective measurements have been restricted to dual task 

paradigms, behavioral measures, and physiological measurements of listening effort. 

Research in this area includes pupillometry, skin conductance (e.g., heart rate variability), 

cortisol concentration levels, and electroencephalography. 

Pupillometry research has been conducted in the areas of effort and fatigue. 

Studies have found that pupils change size based on cognitive load. Specifically, Zekveld 

and Kramer (2014) found pupil size was impacted by cognitive task load. In easier tasks, 

pupils were smaller compared to harder tasks where pupils were larger. Several 

researchers have conducted studies to verify correlation of pupil size and task demand. 

Lau et al. (2019) reported that pupil dilation is typically caused by the parasympathetic 

nervous system and appears during a demanding task. Van der Wel and Steenbergen 

(2018) verified that “pupil dilation closely responds to changes in task demands and in 
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some cases, predicts improved task performance” (p. 2012). Based on previous research 

in the realm of pupillometry, this method appears to be a sensitive measure of listening 

effort and task load.  

Skin conductance allows assessment of the autonomic nervous system in response 

(i.e., arousal) to a task (i.e., cognitive load) (Mackersie & Calderon-Moultrie, 2016). 

Additionally, psychophysiological measurements, including body temperature and heart-

rate variability (HRV), allow assessment of stress from cognitive/listening effort (Seeman 

& Sims, 2015). This information can be valuable when determining level of stress from 

extraneous variables in the listening environment (e.g., noise) in listeners with normal 

hearing and with hearing loss.  

Cortisol concentration levels can be measured in saliva and provide insight on 

fatigue and stress throughout the day (Hicks & Tharpe, 2002). Cortisol levels naturally 

increase throughout the day; however, it has been found that cortisol levels increase with 

effort as well (Bess et al., 2014). Kramer et al. (2016) report this phenomenon occurs 

because the neuroendocrine and the sympathetic autonomic nervous system are 

associated with each other. Measuring cortisol levels allows for additional information 

regarding effort and fatigue within a task design.  

Electroencephalography (EEG) measures the electrical potentials of neuron 

activity within the brain. During thought processing, the brain has electrical impulses that 

are emitted. These impulses can then be detected by the EEG equipment. Researchers 

have used this technology to analyze the brain’s processing abilities as well as identify 

and verify specific locations within the brain in relation to a task (Mayo Clinic, 2019). 

EEGs allow precise areas of the brain to be assessed while participants complete a task 
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(D’Croz-Baron et al., 2019). Specifically, EEG may be used to measure effortful 

listening. Marsella et al. (2017) evaluated children with hearing loss to determine if 

asymmetrical hearing loss caused a difference in cognitive load. The experiment was 

designed to obtain EEG measurements during speech in noise tasks. They found 

significant activation in the alpha levels located in the parietal area, which can be related 

to selective inhibition and attention. Miles et al. (2017) examined the correlation between 

pupil dilation and EEG. They found the two measurements were not highly correlated. 

They suggest differences may have occurred because pupillometry can directly measure 

listening effort but combined with EEG, it is hard to determine if differences occur due 

the overlap of “mental exertion.” 

The tests above are effective methods for measuring effort/exertion; however, 

these objective measurements require additional equipment to measure a specific 

physiologic response. In fact, these objective measures do not directly measure 

functionality. It would be of interest to evaluate if fatigue impacted auditory processing 

abilities, which then could impact how a person would function (e.g., listening in noise, 

listening to degraded speech, and listening to dichotic information). Based on processing 

abilities, researchers could then postulate the impact of fatigue on college students’ 

performance. The objective measurement would be the person’s test performance. As 

described above, research has shown that listening fatigue can negatively impact children 

and adults with and without hearing loss. However, these studies have not evaluated 

college students. College students are involved in difficult listening situations, which can 

put them at risk for fatigue. A previous study indicated fatigue may be present in college 

students. Murphy et al. (2019) examined the differences in test delivery of auditory 
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processing testing in college students with two conditions: supine with computer 

presentation versus sitting with audiometer presentation. Observations indicated a 

possibility of fatigue negatively impacting performance. Although fatigue was not 

directly measured, participants reported during testing that they thought it was easier 

when they did not have courses the same day as testing and thought that the testing was 

very hard on days they had courses. These observations suggest the need for future 

studies to assess fatigue and test performance in college students (i.e., using APD tests). 

As such, it is important to understand auditory processing.  

Normal versus Abnormal Auditory Processing Abilities 

 Normal auditory processing varies in typical adults, but it is important to 

understand general auditory processing abilities. Pure tones are simple acoustic stimuli 

that typically have little meaning. The brain does not exert effort in understanding a pure 

tone. However, speech is complex and requires more cognition to understand (Yost, 

2006). Several acoustic features of speech can be meaningful (e.g., pitch, intonation, 

duration) (Yost, 2006). For example, intonation includes small acoustical characteristics 

that allow individuals to categorize speech as a question or a statement. Normal listeners 

have the auditory ability to extract and ignore noise, fill in the gaps of missing acoustics 

in speech, discriminate fine acoustic details, maintain an auditory working memory, 

understand rapid speech, and understand foreign accented speakers.  

Audiologists can test to determine if a person has an auditory processing disorder 

(APD), which negatively impacts processing of sounds and speech. Individuals with APD 

may not be able to effectively filter out noise from target speech, apply auditory closure 

abilities to missing speech characteristics, have auditory memory, understand 
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pitch/duration patterns, or discriminate between phonemes (ASHA, 2005; Katz, 1992). 

Auditory processing evaluations require sustained listening effort (i.e., an exam for a 

patient averages around two hours; however, it can take up to three hours to complete). 

During APD testing, individuals may experience fatigue. This fatigue can cause tiredness 

physically/mentally, which may decrease understanding performance, attention, and 

concentration. Therefore, APD testing may be an effective objective test to determine 

performance differences due to listening fatigue.   

It is important to remember that people with normal peripheral hearing abilities 

will vary in terms of auditory processing abilities. APD testing can be fatigue inducing 

for people with APD and for people without APD. The tests are designed to identify 

breakdowns, meaning the tests stress the auditory system due to the difficulty of the 

tasks. Fatigue may be measured in people with normal auditory processing abilities by 

undergoing a difficult task such as APD testing. If college students are experiencing 

fatigue, fatigue can decrease their ability to function at full potential in class throughout 

the day. As such, fatigue may impact college students’ effectiveness to learn and to attend 

to new information by the end of the day. The current study focuses on the use of APD 

testing as an estimate of fatigue in college students.  

Auditory Processing Testing 

Individuals with APD typically complain of difficulty hearing even though their 

hearing thresholds are within normal ranges. Difficulties presented are based on the 

individual; therefore, most APD protocols are individualized by case history and 

complaints. Within APD, Stecker (1992) and Katz (1992) discuss four main categories of 

tests (listed from hardest to easiest): binaural integration, dichotic speech, monotic 
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speech, and monotic tone. Several tests within each of these categories have been 

established to determine processing abilities. Binaural integration consists of masking 

level difference, binaural fusion, and speech in noise tests. Dichotic speech consists of 

dichotic digits, staggered spondaic words, competing words, and competing sentences. 

Monotic speech consists of low pass filtered, time altered, and speech in noise tests. 

Lastly, monotic tone consists of pitch and duration patterns.  

Because of the complexities of APD, professionals have not established a gold 

standard for testing; therefore, there are many opinions on testing methods. The Buffalo 

Model, designed by Katz (1992), originally categorized deficits within the Staggered 

Spondaic Words (SSW) test as decoding tolerance fading-memory, integration, and 

organization. Katz (1992) suggested the SSW could hold reliable APD diagnosis as a 

standalone test. The Bellis/Ferre Model suggested testing patients using multiple tests and 

then categorizing the patient’s deficits based on: auditory decoding, integration, and 

prosodic deficits (Jutras et al., 2007). Later they added sub-profiles including auditory 

associative deficit and output-organization deficit (Bellis, 1999; Jutras et al., 2007). New 

research suggests even as few as four tests can be used for diagnosis. For example, 

Chermak (2018) has found Gaps in Noise, Duration Pattern/PPS, DD, and MLD all have 

high sensitivity. Therefore, they hold more value when diagnosing APD and do not 

require several other areas to be assessed for diagnosis. Other professionals suggest the 

auditory domain approach is superior due to the individualized tests based on case history 

and complaints (“focus on the diagnosis and management of listening difficulties”) 

(Dillon et al. 2012, p. 98).  
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The purpose of APD testing is to determine the location of the breakdown, such 

as location within the brainstem (high versus low brainstem area), auditory cortex, and 

beyond the cortical area (English, 2001; Ferre, 2016). For decades, professionals have 

tried to establish a gold standard for testing; however, no one protocol has been accepted 

across the profession. For the current study, it was important to utilize APD tests 

designed to have an appropriate protocol to not only assess different areas of the 

brainstem and auditory cortex, but also to induce fatigue by stressing the auditory system. 

As mentioned above, Murphy et al. (2019) found that normal listeners completed APD 

testing and showed fatigue; therefore, research using APD testing may be innovative and 

relevant in the realm of listening effort and fatigue in normal hearing listeners. By 

implementing the information above, the following tests were selected: SSW, DD, and 

PPS, FW, and MLD 500Hz. The SSW and PPS provide information regarding the central 

auditory function within the cerebral cortex. DD examines interhemispheric transfer 

abilities. FW assesses auditory closure abilities, and MLD infers lower brainstem and 

binaural interaction abilities. These tests examine the auditory system up to the brainstem 

and auditory cortex, as well as provide recommendations for functional strategies (i.e., 

evaluate binaural separation, interaction, and interhemispheric transfer abilities used in 

everyday communication).     

Part of the auditory processing abilities humans have include the ability to 

communicate during dual task paradigms. Other objective measures have been 

meaningful in the realm of listening effort and fatigue; however, this study design will 

add to the body of research regarding functional measurements of auditory processing 

abilities and listening performance influenced by fatigue.   
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Aim and Significance 

 As discussed in this literature review, several studies have examined listening 

effort and fatigue among children with and without hearing loss. Educational audiologists 

specialize in working with children with hearing loss in the school settings. Students are 

required to attend to the teacher all day without performance differences. With hearing 

loss, it is difficult for children to maintain performance; therefore, recommendations are 

made to lessen the listening effort for these children (e.g., preferential seating, written 

instructions, and hearing assistive technology systems). Research has also been 

conducted with adults with hearing loss to find an appropriate solution to minimize 

listening effort and fatigue (e.g., amplification, assistive devices). Research has not 

examined listening effort and fatigue in adolescents and young adults with normal 

hearing and/or hearing impairment. The young adult populations may be entering college, 

where students are required to attend to professors all day without performance 

differences. College students enter a similar academic environment as children in school; 

however, college courses can have between 10 to 700 students in attendance. The 

listening environment becomes more difficult, yet expectations are even higher for 

college students. The current study assessed fatigue in normal hearing college students, 

adding to the body of research related to listening fatigue.  

Hypotheses 

The purpose of this study was to evaluate fatigue in college age students and to 

answer the following research questions: 

1. How do subjective and objective measurements of listening fatigue differ 

between the before class and the after class conditions? 
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2. What is the relationship between subjective and objective measures of 

listening fatigue in college students?  

Based on these research questions, it was hypothesized that:  

1. After class conditions would have higher subjective levels (i.e., ratings within the 

fatigue category of the IFS) of fatigue than before class conditions (i.e., ratings 

within the normal category of the IFS).  

a. Students would have a higher rating of fatigue via the IFS when they had 

been assigned an after class condition by comparing their IFS scores in the 

before and after class conditions.  

b. Lower ratings of fatigue were expected via the IFS when they had been 

assigned a before class condition.    

2. Objective measurements would reveal lower performance scores in the after class 

condition.  

a. Students’ APD performance would decrease when assigned the after class 

condition when compared to the APD test performance with the before 

class condition.  

b. Better performance when assigned the before class condition was expected 

when compared to the APD test performance in the after class condition.  

3. Objective and subjective results would suggest a relationship in regard to fatigue. 

The students’ APD performance would decrease while their rating of fatigue 

increased.  
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CHAPTER 3 

METHODS  

Participants 

 The purpose of this study sought to determine if college students experience 

objective (via APD test scores) and subjective (via questionnaire scores) differences in 

listening fatigue when comparing a before class condition and an after class condition. 

Based on national statistics, the average age of a college student is between 20 and 21 

years of age, with a wide range between 14 and 35 years of age (National Center for 

Educational Statistics, 2018). Individuals in this age range would not be expected to have 

cognitive and auditory difficulties associated with age (Bergman, 2009; Carr et al., 2019; 

National Center for Educational Statistics, 2018; Pichora-Fuller et al., 2016; Pichora-

Fuller & Souza, 2009). As such, participants between the ages of 18 to 30 years were 

recruited to encompass typical age ranges for college students while avoiding natural 

auditory decline due to aging. To obtain a power level of .8 (based on a power analysis), 

the goal was to include at least 34 participants in this study.  

Participants were recruited via posted flyers at Texas Tech University Health 

Sciences Center, as well as by distributing flyers to program directors and program chairs 

(Appendix A). Participants were enrolled in a graduate program as a full-time student. 

Students confirmed they enrolled as a full-time student with at least 4 hours of face to 

face instruction (i.e., at least 9 credit hours). Participants were provided with the consent 

form, demographic questionnaire and pre-test questionnaire ahead of time to review. 

Participants were randomly assigned to a condition order (see below). An instructional 

email was sent to participants who verbally agreed to participate in the study. The 
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instructional email contained information such as instructions for rescheduling if the 

participant stayed up late studying for an exam (see Appendix B). Participants attended 

the appointment and following verbal and written consents completed a brief 

demographic questionnaire, hearing screening, and word recognition testing in quiet (i.e., 

a minimal score of 80% for word recognition testing per ear ensured the participant could 

follow the instructions and verbalize answers).  

Participant Inclusion and Exclusion Criteria 

Participants completed a demographic questionnaire regarding full-time 

enrollment status, age, hearing, tinnitus, native language, sleep, and neurological 

disorders. Inclusion criteria included: ages of 18 to 30 years, no hearing concerns, no 

significant tinnitus experience(s), English as their native language, and no diagnosis of 

APD, speech/language disorders, untreated ADHD/ADD, learning/reading disorders, and 

sleep and/or neurological disorders (see Appendix C). Participants not meeting these 

inclusion criteria were excluded. 

A hearing screening was performed to ensure normal hearing at 500, 1000, 2000, 

3000, 4000, 6000, and 8000Hz (at 25dB HL) as well as normal tympanograms (i.e., Type 

A, As, Ad, A with wide width) (Le Prell et al., 2011; Neijenhuis et al., 2004). Participants 

had to pass the hearing screening to continue with the study. Participants were required to 

be native English speakers because all tests were in English, and the normative data for 

the APD tests was based on English speakers.  

An auditory processing disorder questionnaire (APD questionnaire) was included 

in the demographic questionnaire (see Appendix D) and allowed for further screening of 

auditory processing abilities to determine eligibility (i.e., if participants had APD 
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symptoms, they were excluded from the study). This was to avoid including participants 

with APD, which could significantly impact listening effort and fatigue, thus skewing 

results. Participants reporting significant tinnitus were excluded, as tinnitus may also 

negatively impact listening effort and fatigue (Gilani et al., 2013). Participants with a 

diagnosis of neurological or sleep disorder were excluded from the study due to the 

overlap between fatigue from the study as compared to fatigue from their disorder 

(Lichstein et al., 1997). Reducing these variables helped ensure that results were a 

measurement of fatigue from the task rather than due to these additional variables.  

Materials and Equipment 

Performance was measured through subjective and objective measures. The Pre-

Test Questionnaire was completed at each session, before testing was performed. The 

Pre-Test Questionnaire asked participants if they attended class and clinic on the day of 

the test session and for how long they attended (see Appendix E). The questionnaire also 

asked for participants’ opinion on their rest the night before the test (e.g., rest, energy, 

stress). The subjective measurement for this study was the IFS. The IFS was completed at 

each session and was completed twice (i.e., before APD testing and after APD testing) 

(see Appendix F and G). This information allowed the assessment of the participant’s 

perception of fatigue between conditions. The objective measurement for this study was 

the APD tests and was completed at each session. This information allowed the 

assessment of the participant’s performance abilities between conditions.  

Subjective Measurement of Fatigue 

The Iowa Fatigue Scale (IFS) is a common scale used in research and health care 

to measure fatigue. A Likert scale is used in the IFS and allows participants 5 choices 
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(i.e., not at all, a little, moderately, quite a bit, or extremely). The IFS consisted of 11 

questions and had a standard scoring system that allowed for an overall score for fatigue, 

as well as subscale scores (i.e., cognitive, fatigue, energy, and productivity) (Appendix F 

and G). Many journal articles reported that this scale has “acceptable internal consistency 

(Cronbach a =.90) and is correlated with other measures of fatigue (r=.90)” (Wijesuriya 

et al., 2012, p. 320). This scale was administered before and after each APD testing 

session.  

Objective Measurement of Fatigue: (APD) Testing Protocol 

Based on the previous study (Murphy et al., 2019), it was observed that the APD 

protocol used may have induced fatigue; therefore, a similar APD protocol was used. Not 

only did the protocol possibly induce fatigue, it also evaluated all major areas of the 

auditory pathway through the brainstem and cortex. Areas of assessment include the 

following: binaural integration, binaural interaction, auditory closure, temporal 

processing, and interhemispheric transfer abilities. These auditory abilities are utilized on 

a daily basis and may be more of a functional measure of “real world” experiences than 

other testing methods. The equipment used included: GSI 61 Audiometer, TDH50 supra-

aural headphones, TEAC Compact Disc Player CD-P1260, manufacturer CDs (including 

SSW, DD, PPS, FW, and MLD), and GSI TympStar Middle Ear Analyzer. The GSI 61 

Audiometer had been calibrated to current American National Standards Institute (ANSI) 

regulations. To rule out instrumentation variables, the original CDs were utilized for the 

APD portion (i.e., Murphy et al., 2019 found reliability issues with copied CDs; 

therefore, only original CDs were used). In addition, the same audiometer and 
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headphones were used for both conditions. The tests were presented through use of the 

equipment and are described below.  

Auditory Processing Evaluation Protocol  

Based on APD research, site of lesion (i.e., area of breakdown) testing should 

include at least one test in the following areas: binaural integration, dichotic speech, 

monotic speech, and monotic tone. The APD tests selected for this study included: SSW, 

PPS, DD, FW, and MLD.  

• The SSW allowed for an evaluation of the individuals’ central auditory function, 

developmental delays of the nervous system, and cortex. The SSW presented the 

listener with four different words binaurally. The first words were presented 

individually. The second and third words were presented at the same time, and the 

fourth word was presented individually again. All four words were presented very 

quickly, and the listener had to binaurally integrate them in the order in which 

they were presented and repeat the words aloud in the order they were heard.    

• PPS allowed for an evaluation of the individual’s central auditory function. PPS 

presented the listener with three tones with varying frequencies monaurally. The 

listener labeled the tones as high or low tones and repeated the order of the pattern 

aloud (e.g., high-high-low, low-high-low).  

• DD allowed for an evaluation of the individual’s interhemispheric transfer 

abilities. DD presented the listener with two numbers dichotically. The listener 

repeated aloud the two numbers in the correct order they were heard.  

• FW allowed for an evaluation of the individual’s auditory closure abilities. FW 

presented the listener with one-word presentations monaurally. The words 
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presented had specific frequencies extracted from the recording. The listener 

repeated aloud the word they heard which required the listener to fill in gaps of 

missing auditory information.  

• MLD allowed for an evaluation of the individual’s lower brainstem and binaural 

interaction abilities and was presented dichotically. MLD presented the listener 

with a static-noise that changed phase and signal-to-noise ratios (SNR). The 

listener indicated whether the tone was heard (the tone was easier/harder to hear 

depending on the phase and SNR levels).    

Test Conditions 

This study included two conditions: one condition on a day before classes and one 

condition on a day after classes. For the condition before classes, completing the task 

early in the day before class allowed for examination of performance strictly related to 

the target task. If participants completed the task later in the day on a day without class, it 

would be difficult to rule out other tasks that led to fatigue rather than the experimental 

task itself. Because fatigue may vary throughout the day as well as vary depending on 

task, for the before class appointment, participants were assigned before their 8:00 a.m. 

or 9:00 a.m. class. An instructional email was provided as a reminder for students to not 

engage in homework, studying, reading, and/or reviewing for class prior to the session. 

This would decrease the likelihood that a student would start this condition fatigued. It 

was important to eliminate extraneous variables that may impact fatigue even in the 

condition before classes. A few questions in the demographic questionnaire helped keep 

record of potential variables. The second condition was scheduled after a full day of 
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classes to determine if listening fatigue occurred in college students taking a full day of 

classes.  

Procedure  

The testing of the two conditions occurred over two separate sessions. The two 

conditions were the before class condition and the after class condition. For the before 

class condition, students were tested before classes started, and in the after class 

condition, students were required to attend a minimum of 4 hours of classes on the date 

of testing. Participants were randomly assigned which condition would be completed in 

the first session and which condition would be in the second session. 

The first session included completion of the informed consent, the demographic 

questionnaire, the APD questionnaire, and the hearing screening (pure tone testing, word 

recognition testing, and tympanometry) to ensure eligibility and to continue participation 

in the study. If all requirements were met, participants then completed the experimental 

portion of the study. The first session lasted approximately 45 minutes. After testing, 

participants were scheduled for their second session (i.e., with a minimum of 2 weeks 

between conditions). For the second session, tympanometry was obtained first. Next, 

participants completed the experimental portion of the study. The second test date lasted 

approximately 35 minutes.  

The experimental portion of the study occurred in both session 1 and session 2 

(each session was scheduled a minimum of 2 weeks apart). During the experimental 

testing, participants completed the Pre-Test Questionnaire (see Appendix E) and IFS. The 

participant then completed the APD testing in the following order: FW, DD, MLD, PPS, 

and SSW. After the APD testing, participants completed the IFS a second time.  
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Analysis 

As mentioned above, participants were randomly assigned to complete the before 

class condition or after class condition first to ensure order of testing was not a factor. For 

each condition, participants completed the pre-test questionnaire, IFS questionnaire, APD 

tests, and follow up IFS questionnaire (i.e., post APD test IFS). Several factors were 

analyzed: individual APD testing (i.e., compared scores to same age peers to determine if 

scores were within normal ranges or abnormal ranges), comparison of APD scores 

between conditions (i.e., before class condition versus after class condition), comparison 

of the IFS scores between conditions, and determination if APD test scores and the post-

APD test IFS scores were correlated.  

APD tests were scored according to the appropriate test manual (i.e., PPS was 

based on percent correct, SSW was based on number of errors, FW was based on raw 

scores, MLD was based on decibels, and DD was based on percent correct). Scores were 

also compared to age-appropriate norms to determine if scores were within normal or 

disordered ranges. If participants performed 2 standard deviations (SD) outside of the 

mean, they were categorized as “disordered.” Individuals that scored 2 SDs below the 

mean were within the 3rd percentile, meaning they performed significantly worse than 

97% of other similar aged individuals. Normative values for overall APD scores followed 

ASHA and AAA guidelines (i.e., test scores were at least 2 SDs below the mean for two 

or more tests). After individual APD scores were evaluated, a paired t-test was used to 

compare the APD scores from the before class condition to the after class condition (e.g., 

before class condition SSW scores were compared to after class condition SSW scores).  
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The IFS consisted of 11 questions on a 5-point Likert scale. The scoring allowed 

for an overall fatigue scale, as well as subscales (i.e., cognitive, fatigue, energy, and 

productivity). The overall fatigue score ranges as follows: 11 - 29 within normal ranges, 

30 - 39 fatigue, and 40 - 55 severe fatigue. The IFS was administered during each testing 

session. The IFS was completed before APD testing and after APD testing. The 

descriptive analysis (overall scores and subscale scores) could indicate whether students 

experienced fatigue via subjective ratings. For the statistical analysis, a t-test examined if 

significant differences occurred between the before class and after class conditions’ final 

IFS scores (i.e., the post IFS score for each condition was analyzed).   

Finally, scores from the IFS and APD tests were analyzed to determine if a 

correlation existed. These results were entered into Kendall’s tau correlation to determine 

statistical significance.  
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CHAPTER 4 

RESULTS 

Participants 

A total of 19 students were recruited and signed consent forms. Of those, 15 

students completed both of the study conditions. The analyses were based on the 15 

participants who completed the study in its entirety. Of the four students who did not 

complete the study, one student did not meet inclusion criteria due to a diagnosis of 

anxiety. The remaining three students were unable to return for their second testing date 

due to being quarantined, as this data was collected during the COVID-19 pandemic. By 

the time the students’ quarantine was lifted, courses for the semester had ended; 

therefore, a second testing date was unable to be scheduled. Of the 15 participants who 

completed the study, one participant was male and 14 participants were female. 

Participants’ ages ranged from 21 to 25, with an average of 22.5 years of age and 

standard deviation of 1.06. All participants were enrolled as graduate students in either 

the: Speech-Language Pathology program, Audiology program, or Physical Therapy 

program at Texas Tech University Health Sciences Center. These programs required 

enrollment to be full-time. It was also verified that the majority of their classes were face-

to-face, and on days of testing the after class condition, participants had a minimum of 

four to five hours of class.  

Participants underwent tympanometry testing to ensure they had normal 

movement of the eardrums bilaterally. All participants were required to have normal 

movement of their eardrums before continuing. Then participants had their hearing 

screened in an ANSI regulated sound booth via headphones. The participants were 
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required to pass the hearing screening that included 500 to 8000 Hz at 25 dB HL, as well 

as word recognition testing at 55 dB HL with a score 80% or better. All participants met 

the required hearing measures (i.e., Type A tympanograms, passed the hearing screening, 

and all participants scored at 100% for word recognition testing). After verifying that 

participants met the study’s requirements, they then began the experimental portion of the 

study.  

Results 

Two Conditions 

All participants completed both conditions in two different sessions to be included 

in the analyses. All participants were randomly assigned to condition order to ensure that 

testing order did not impact results. In the before class condition, all participants were 

scheduled between 7:00 a.m. and 9:00 a.m., depending on their scheduled class start time. 

In the after class condition, all participants were scheduled between 12:00 p.m. and 6:30 

p.m., depending on their scheduled class end time (see Table 1). Of the 15 participants, 7 

participants had their first session in the morning, and 8 participants had their first session 

in the afternoon. Participant session start times are listed in Table 1.  
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Table 1  

Summary of Participant Session Start Times  

 

Comparisons were performed with results from the APD tests and IFS scores 

between conditions. For each test, a paired sample t-test was used to compare scores from 

the before class condition and the after class condition using an alpha level of 0.05. A 

correlation analysis was also completed between the APD scores and IFS scores. 

Pre-Questionnaire 

The Pre-Questionnaire was completed at the beginning of each testing session. 

The Pre-Questionnaire gave additional information on the participants’ hours in 

class/clinic, nights sleep, and perception of rest, energy, and stress levels.  

Participants were asked if they attended courses and/or clinical practicum and if 

so, how long they attended. Participants selected yes or no for attendance, and then 

circled the amount of time that applied to them (i.e., 1 to 3 hours, 3 to 5 hours, 5 to 7 

hours, 7 to 9 hours). For the participants that were scheduled before class, this served as a 
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verification that they did not attend courses before testing. For the participants scheduled 

after class, there were 6 participants who attended 3 to 5 hours of class, 5 participants 

who attended 5 to 7 hours of class, and 4 participants who attended 7 to 9 hours of class. 

One participant attended clinical practicum from 1 to 3 hours in addition to 3 to 5 hours 

of class. Figure 2 displays the hours in class for participants in the after class condition.     

 

Figure 2: Hours Reported in Class for the After Class Condition.  

 Participants were then asked about their previous night sleep to determine if they 

reported their sleep as a “normal restful night.” They were asked to circle the amount of 

rest they obtained the night before testing (i.e.,  less than 4 hours, 4 to 6 hours, 6 to 8 

hours, 10 to 12 hours). As shown in Figure 3 and Figure 4, the majority of participants 

reported 6 to 8 hours of rest in both the before and after class conditions. These results 

provided information regarding whether participants were rested before testing or could 

have been possibly fatigued before testing. Fourteen of the fifteen participants reported a 

normal night’s rest in the before and after class conditions. The one participant who said 

they did not have a normal night’s rest reported this for both conditions. For the before 

Hours in Class

3 to 5 5 to 7 7 to 9
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class condition the participant reported 4 to 6 hours of sleep, and for the after class 

condition, the participant reported 6 to 8 hours of sleep; therefore, the participant was not 

excluded from the study.   

 

Figure 3: Hours of Sleep in the Before Class Condition.  

 

Figure 4: Hours of Sleep in the After Class Condition.  

Before Class Condition: Hours of Sleep

4 to 6 6 to 8 8 to 10

After Class Condition: Hours of Sleep

4 to 6 6 to 8 8 to 10
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 Additionally, there were three questions in Likert form (5-point scale; 1 - not at 

all, 2 - a little, 3 - moderately, 4 - quite a bit, and 5 - extremely) regarding the 

participants’ feelings of regarding their levels of being well rested, full of energy, and 

stressed. In the before class condition, participant scores for “Do you feel well rested” 

ranged from 2 to 5, with an average of 3.93 and standard deviation of 0.59 (see Figure 5).  

The after class condition ranged from 2 to 5, with an average of 3.6 and standard 

deviation of 0.82 (see Figure 6). In the before class condition, the average for “Do you 

feel full of energy?” ranged from 2 to 5, with an average of 3.8 and standard deviation of 

0.67 (see Figure 7). The after class condition ranged from 2 to 5, with an average of 3.06 

and standard deviation of 0.79 (see Figure 8). In the before class condition, the average 

for “Rate your stress level at this moment” ranged from 1 to 5, with an average of 2.13 

and standard deviation of 1.24 (see Figure 9). The after class condition ranged from 1 to 

4, with an average of 2.53 with a standard deviation of 0.91 (see Figure 10). The 

questions within the pre-questionnaire provides insight regarding the participants’ overall 

quality of sleep and if results could potentially be impacted by rest, energy, or stress.  
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Figure 5: Rating for Well Rested in the Before Class Condition.  

 

 Figure 6: Rating for Well Rested in the After Class Condition.  

Before Class Condition: Rating of Rest

1 not at all 2 a little 3 moderately 4 quite a bit 5  extremely

After Class Condition: Rating of Rest

1 not at all 2 a little 3 moderately 4 quite a bit 5  extremely
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Figure 7: Rating for Energy in the Before Class Condition.  

 

Figure 8: Rating for Energy in the After Class Condition.  

Before Class Condition: Rating of Energy

1 not at all 2 a little 3 moderately 4 quite a bit 5  extremely

After Class Condition: Rating of Energy

1 not at all 2 a little 3 moderately 4 quite a bit 5  extremely



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

48 

 

Figure 9: Rating of Stress Level in the Before Class Condition.  

 

Figure 10: Rating of Stress Level in the After Class Condition.  

(APD) Test Scores 

APD test scores were analyzed using the procedures outlined in the test score 

manual for each individual test (summarized below). Scores were then compared between 

conditions (i.e., before class condition versus after class condition) and summarized for 

Before Class Condition: Rating of Stress

1 not at all 2 a little 3 moderately 4 quite a bit 5  extremely

After Class Condition: Rating of Stress

1 not at all 2 a little 3 moderately 4 quite a bit 5  extremely
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each scoring method. Table 2 displays the statistical information for each test using a 

paired sample t-test. The first graph in each section displays results for the before and 

after class conditions. The second graph in each section displays the difference scores 

(i.e., before class condition minus the after class condition).  

The Filtered Words test is a monaural test (i.e., one ear is tested at a time) 

extracted from the SCAN3-A test. Participants heard one word presented with specific 

frequencies extracted (i.e., filtered). Participants were required to repeat the word 

presented. There were a total of 20 items per ear. Results were calculated for the raw 

score, scaled score, and percentile. For the purpose of data analysis, raw scores are 

displayed below. Figure 11 displays raw scores for the before class and after class 

condition for comparison, and Figure 12 displays the difference scores between 

conditions. All FW scores were within normal ranges (i.e., raw scores were 25 and 

above). Although all participants scored within normal ranges, there were participants 

with slight ear advantages. In the before class condition, two participants’ (007 and 014) 

scores indicated a right ear advantage of 15%. In the after class condition, one 

participant’s (010) score indicated a left ear advantage of 15%, which is an atypical ear 

advantage. It is noteworthy that an ear advantage score indicates hemispheric dominance; 

however, the left ear advantage was only seen in the after class condition (Keith, 2012). 

Five participants showed no change in scores between the before class and after class 

conditions. Five participants’ performance decreased in the after class condition and 5 

participants’ performance increased in the before class condition when compared to the 

after class condition. As shown in the Figure 12, participant 001 showed the largest 

difference between the conditions (i.e., the negative numbers indicate the participant 
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performed better in the after class condition, while the positive numbers indicate the 

participant performed better in the before class condition). The paired sample t-test 

indicated no statistically significant difference between conditions for this test (FW 

before class vs. FW after class: t[14] = -.435, p = .670). 

The Masking Level Difference 500Hz test is a dichotic test (i.e., a different 

stimulus presented to both ears simultaneously). Participants heard a static noise that 

changed phase as well as a tone that changed signal-to-noise ratios. Participants were 

asked to indicate whether they heard a tone or not (i.e., yes or no). There were a total of 

33 items. Results were calculated as a decibel score. All MLD scores were within normal 

ranges (i.e., scores were 12 dB or higher, with higher scores indicating better processing 

ability). Figure 13 displays the before class and after class scores for comparison between 

the two conditions. Four participants scored better in the before class condition, while 7 

people scored better in the after class condition. A total of 4 participants scored the same 

in both conditions. Figure 14 displays the difference scores between conditions. The 

negative numbers indicate the participant performed better in the after class condition, 

while the positive numbers indicate the participant performed better in the before class 

condition. As shown in the figures, participants 003 and 015 show the largest difference 

in scores between conditions. However, participant 003 performed better in the before 

class condition, while participant 015 performed better in the after class condition. The 

paired sample t-test indicated no statistical significance between conditions for this test 

(MLD before class vs. MLD after class: t[14] = -.716, p = .486).  

The Dichotic Digits test is a dichotic test (i.e., binaural presentation with a slight 

difference between timing of the two ear presentations). Participants heard two numbers 
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presented (i.e., one number presented in each ear) and were asked to repeat the numbers 

heard. There were a total of 50 items for this test. Scores were calculated via percent 

correct. Scores were within “normal” ranges for a score of 90% or higher. Musiek (1994) 

indicated this score is the 90% percentile cutoff for normal results. Scores were 

calculated for reversals (i.e., saying numbers in incorrect order) to be correct and also 

calculated for reversals to be incorrect. Participants were specifically told to repeat the 

left ear first; therefore, for the final analysis, the scoring in which reversals are counted 

incorrect was used. Figure 15 displays the scores for the before and after class conditions, 

and the difference scores are displayed in Figure 16. Two participants scored within the 

abnormal range bilaterally (001 and 011) for the before class condition, and three 

participants scored within the abnormal range bilaterally (003, 005, and 014) for the after 

class condition. Participant 001 appeared to show the largest difference between the two 

conditions, performing better in the after class condition. The paired sample t-test 

indicated no statistical significance between conditions for this test (DD before class vs. 

DD after class: t[14] = -.743, p = .470). 

Pitch Pattern Sequence test is a monaural test (i.e., one ear is tested at a time). 

Participants heard three tones with varying pitch and were required to label the pitch 

pattern (e.g., high, low, low). There were a total of 30 items per ear. Scores were 

calculated for reversals to be correct and also calculated for reversals to be incorrect. 

Scores are within “normal” ranges for a score of 78% or higher, with Musiek (1994) 

indicating this score as the 90th percentile cut off for normal results. If reversals were 

counted as incorrect, there were three participants with slightly abnormal results (i.e., 

below 78%). However, if reversals were counted as correct, all participants scored within 
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normal ranges (i.e., above 78%) in all conditions. Several researchers, such as Fischer et 

al. (2017), have used the sum of both ears as an overall measurement. This aligns well 

with previous research showing better performance scores in the right ear compared to 

the left ear. Thus, for data analysis purposes, the right and left ear scores were averaged 

together, as well as only including data with reversals correct in the final data analysis. 

Figure 17 displays the scores for the before and after class conditions for a side-by-side 

comparison, and Figure 18 displays the difference scores between conditions. All but one 

participant had scores within 2% between the two conditions. Participant 011 showed the 

largest difference between the two conditions, with the negative number indicating this 

participant performed better in the after class condition. The paired sample t-test 

indicated no statistical significance between conditions for this test (PPS before class vs. 

PPS after class: t[14] = -.589, p = .565).  

Staggard Spondaic Word test is administered partially binaurally (only 2 of the 4 

words) and partially monaurally. Participants were instructed to repeat the 4 words that 

were heard. Results were calculated for several subparts: right competing (RC), right 

non-competing (RNC), left non-competing (LNC), left competing (LC), order effect, ear 

effect, and reversals. Katz (1996) indicated normal results must be equal to or less than 

the following number: RNC of 1, RC of 2, LNC of 1, and LC of 4. The following figures 

display the comparison between before and after class condition: Figure 19 displays RNC 

results, Figure 20 displays RC results, Figure 21 displays LC results, Figure 22 displays 

LNC results. For the SSW RNC and RC conditions, all participants scored within normal 

ranges in both conditions. In the LC condition, there were two participants who scored in 

the abnormal range for the before class condition (participants 006 and 011) and one 
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participant in the after class condition (participant 009), as displayed in Figure 21. In the 

LNC condition, one participant scored in the abnormal range for the before class 

condition (participant 006), as displayed in Figure 22. Overall, LC and LNC had a few 

participants with scores in the abnormal range. However, their one to two abnormal 

scores did not place them in the “disordered” category based on the SSW as a whole. 

Therefore, all participants scored within normal ranges for the overall test in both 

conditions. The paired sample t-test indicated no statistical significance between 

conditions for this test (SSW RNC before class vs. SSW RNC after class: t[14] = 0.00, p 

= 1.00; SSW RC before class vs SSW RC after class: t[14] = 0.00, p = 1.00; SSW LNC 

before class vs SSW LNC after class: t[14] = -1.00, p = .334; SSW LC before class vs 

SSW LC after class: t[14] = -.564, p = .582). 

Table 2  

Paired Sample t-test for (APD) Testing 

 

Behavioral Summary 

As discussed above, test scores must be 2 standard deviations below the mean on 

two or more tests to be qualified for a diagnosis of APD. A few participants scored in the 



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

54 

abnormal range; however, no participant scored in the abnormal range on more than one 

test. Therefore, no participants met the criteria for a diagnosis of APD.  

 

Figure 11: Comparison Between the Before Class and After Class Condition for Filtered 
Words Test. A raw score of 25 and greater is within normal limits, as represented by the 
bold line.  
 

 

Figure 12: Difference Scores Between Condition for Filtered Words Test (i.e., before 
class minus after class scores).  
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Figure 13: Comparison Between the Before Class and After Class Condition for Masking 
Level Difference Test. A score of 12dB and greater is within normal limits, as indicated 
by the bold line.  
 

 

Figure 14: Difference Scores Between Condition for Masking Level Difference Test (i.e., 
before class minus after class scores). 
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Figure 15: Comparison Between the Before Class and After Class Condition for Dichotic 
Digits Test. A score of 90% and greater is within normal limits, as indicated by the bold 
line. For this test, the reversals were counted as incorrect. The stars indicate abnormal 
results.  
 

 

Figure 16: Difference Scores Between Condition for Dichotic Digits Test (i.e., before 
class minus after class scores). 
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Figure 17: Comparison Between the Before Class and After Class Condition for Pitch 
Pattern Test. A score of 78% and greater is within normal limits, as indicated by the bold 
line. For this test, the reversals are counted as correct. 
 

 

Figure 18: Difference Scores Between Condition for Pitch Pattern Test (i.e., before class 
minus after class scores). 
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Figure 19: Comparison Between the Before Class and After Class Condition for (SSW) 
(RNC). A score of one or less is within normal limits, as indicated by the bold line. 
 

 

Figure 20: Comparison Between the Before Class and After Class Condition for (SSW) 
(RC). A score of 2 or less is within normal limits, as indicated by the bold line. 
 

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sc
or

e

Participants

SSW Right Non-Competing

Before Class After Class

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sc
or

e

Participants

SSW Right Competing

Before Class After Class



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

59 

 

Figure 21: Comparison Between the Before Class and After Class Condition for (SSW) 
(LC). A score of 4 or less is within normal limits, as indicated by the bold line. 
 

 

Figure 22: Comparison Between the Before Class and After Class Condition for (SSW) 
(LNC). A score 1 or less is within normal limits, as indicated by the bold line. 
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score to be used in the statistical analysis (see Table 3). The IFS has a standard scoring 

method that allows for a total score and several sub-scales: cognitive, fatigue, energy, and 

productivity. This scale allows for the researcher to determine if the participant’s score 

falls within normal (0 to 29), fatigue (30-39), or severe fatigue (40+). For the purpose of 

this study, the IFS scores help identify if the groups were different based on timing of 

testing (i.e., before class or after class). It also aids in examining if the APD testing 

induced fatigue more in the after class condition than the before class condition and 

essentially if college students are more fatigued at the end of their class day rather than at 

the beginning of their class day. Figure 23 displays the pre versus post IFS scores for the 

before class condition. The before class pre IFS scores had an average of 19, whereas the 

before class post IFS scores had an average of 24.3. All but one participant had higher 

fatigue ratings after the APD testing in the before class condition. Both of these results 

were within normal ranges for the fatigue scale (i.e., scores between 0 to 29 are within 

normal ranges); however, it is important to note that the pre IFS versus the post IFS had a 

5 point difference. This indicates the APD test alone may have influenced the fatigue 

rating. The difference in the pre IFS and post IFS was significant in the before class 

condition, t[14] = -4.339, p = 001.   

Figure 24 displays the pre versus post IFS scores for the after class condition. The 

after class pre IFS scores had an average of 23.6, whereas the after class post IFS scores 

had an average of 30.2. The after class post IFS average score of 30.2 is within the 

fatigue range for the IFS scoring method (i.e., scores between 30 to 39 are within the 

fatigue range). The difference between the pre and post IFS was significant for the after 

class condition, t[14] = -5.64, p = 0.  
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The average scores indicate that participants rated their fatigue higher in the pre 

IFS testing for the after class condition (i.e., 23.6) compared to the before class condition 

(i.e., 19). This difference was significant (Pre IFS before vs Pre IFS after: t[14] = -7.122, 

p =  0). The average scores also showed that the post IFS scores were higher for the after 

class condition (i.e., 30.2) as compared to the before class condition (i.e., 24). This 

difference was also significant (Post IFS before vs Post IFS after: t[14] = -3.606, p = 

.003). 

Lastly, Figure 25 displays the pre and post IFS scores for both the before class 

and after class conditions. Participants reported being more fatigued after the APD testing 

was completed as compared to the beginning of the session. Even more so, it was noted 

that participants verbally reported the after class session being more difficult than the 

morning session. This same observation was seen in the differences in scores when 

comparing the before class and after class condition scores of the IFS. As seen in the 

figures below, there are 3 participants who scored within the fatigue category (post IFS) 

in the before class condition, compared to 7 participants that scored within the fatigue 

category (post IFS) in the after condition. The paired t-test revealed statistical 

significance for the IFS tests between and within conditions.  

The IFS could be broken into four subscales: cognitive, fatigue, energy, and 

productivity. Figure 26 displays pre and post IFS cognitive subscale scores for the before 

class and after class conditions. The before and after class pre versus post IFS fatigue 

subscale scores are displayed in Figure 27, with Figure 28 showing the energy subscale 

scores. Figure 29 displays the before and after class pre versus post IFS productivity 

subscale scores. A paired sample t-test was completed within the categories of the IFS. 
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The four categories within each condition showed statistical significance within 

conditions for cognitive, fatigue, and energy subscales (see Table 4a and 4b) and between 

conditions for cognitive, fatigue, and energy subscales (see Table 5). The productivity 

subscale was the only one that did not reach statistical significance.  

  

Figure 23: Comparison Between the Pre and Post (IFS) for the Before Class Condition. 
Scores below the bold line indicate no fatigue, while scores above the line indicate 
fatigue.  
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Figure 24: Comparison Between the Pre and Post (IFS) for the After Class Condition. 
Scores below the bold line indicate no fatigue, while scores above the line indicate 
fatigue. 
 

  

Figure 25: Comparison Between the Pre and Post (IFS) Between Before Class and After 
Class Condition. Scores below the bold line indicate no fatigue, while scores above the 
line indicate fatigue. 
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Figure 26: Comparison Between the Pre and Post (IFS) Cognitive Score for the Before 
and After Class Condition.  
 

 

Figure 27: Comparison Between the Pre and Post (IFS) Fatigue Score for the Before and 
After Class Condition.  
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Figure 28: Comparison Between the Pre and Post (IFS) Energy Score for the Before and 
After Class Condition.  
 

 

Figure 29: Comparison Between the Pre and Post (IFS) Productivity Score for the Before 
and After Class Condition.  
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Table 3  

Paired Sample t-test for (IFS)  

 

Table 4a  

T-test for the (IFS) Subcategories in the Before Class Condition 

 

Table 4b 

T-test for the (IFS) Subcategories in the After Class Condition 
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Table 5 

T-test for the (IFS) Subcategories Before versus After Class Condition 

 

Correlations 

To evaluate the relationship between the objective and subjective measures, a 

Kendall’s tau correlation was completed (see Table 6 and Table 7). Statistical 

significance was found when comparing the SSW After Class Left Competing to the Post 

IFS After Class rt = .521, p < 0.05.  

Table 6  

Kendall’s tau Correlation with (IFS) 

First Item Second Item Kendall’s tau P Value 
Before Pre IFS Before Post IFS rt = .413 No significant value 
After Pre IFS After Post IFS rt = .432 p < 0.05 
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Table 7  

Kendall’s tau Correlation with (APD) and (IFS) 

First Item Second Item Kendall’s tau P Value 
Before Pre IFS Before DD rt = -.193 No significant value 
Before Post IFS Before DD rt = -.365 No significant value 
After Pre IFS After DD rt = .167 No significant value 
After Post IFS After DD rt = -.021 No significant value 
Before Pre IFS Before FW rt = .000 No significant value 
Before Post IFS Before FW rt = -.011 No significant value 
After Pre IFS After FW rt = -.097 No significant value 
After Post IFS After FW rt = .011 No significant value 
Before Pre IFS Before MLD rt = .047 No significant value 
Before Post IFS Before MLD rt = -.310 No significant value 
After Pre IFS After MLD rt = .090 No significant value 
After Post IFS After MLD rt = -.111 No significant value 
Before Pre IFS Before PPS Right rt = -.041 No significant value 
Before Pre IFS Before PPS Left rt = .251 No significant value 
Before Post IFS Before PPS Right rt = .239 No significant value 
Before Post IFS Before PPS Left rt = -.163 No significant value 
After Pre IFS After PPS Right rt = -.317 No significant value 
After Pre IFS After PPS Left rt = -.054 No significant value 
After Post IFS After PPS Right rt = -.351 No significant value 
After Post IFS After PPS Left rt = -.106 No significant value 
Before Pre IFS Before SSW RNC rt = .139 No significant value 
Before Post IFS Before SSW RNC rt = .027 No significant value 
After Pre IFS After SSW RNC rt = .162 No significant value 
After Post IFS After SSW RNC rt = -.106 No significant value 
Before Pre IFS Before SSW RC rt = .218 No significant value 
Before Post IFS Before SSW RC rt = -.041 No significant value 
After Pre IFS After SSW RC rt = .137 No significant value 
After Post IFS After SSW RC rt = .068 No significant value 
Before Pre IFS Before SSW LNC rt = -.120 No significant value 
Before Post IFS Before SSW LNC rt = .020 No significant value 
After Pre IFS After SSW LNC rt = -.071 No significant value 
After Post IFS After SSW LNC rt = -.197 No significant value 
Before Pre IFS Before SSW LC rt = .299 No significant value 
Before Post IFS Before SSW LC rt = -.078 No significant value 
After Pre IFS After SSW LC rt = .198 No significant value 
After Post IFS After SSW LC rt = .521 p < 0.05 
Before Pre IFS Before SSW Order rt = -.368 No significant value 
Before Post IFS Before SSW Order rt = -.243 No significant value 
After Pre IFS After SSW Order rt = -.180 No significant value 
After Post IFS After SSW Order rt = .011 No significant value 
Before Pre IFS Before SSW Ear rt = -.174 No significant value 
Before Post IFS Before SSW Ear rt = -.181 No significant value 
After Pre IFS After SSW Ear rt = -.038 No significant value 
After Post IFS After SSW Ear rt = -.313 No significant value 
Before Pre IFS Before SSW Reversal rt = .017 No significant value 
Before Post IFS Before SSW Reversal rt = -.034 No significant value 
After Pre IFS After SSW Reversal rt = .216 No significant value 
After Post IFS After SSW Reversal rt = .213 No significant value 
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CHAPTER 5 

DISCUSSION 

Several researchers in the field of communication disorders and sciences such as 

audiologists and speech-language pathologists have investigated communication across 

various populations. Some populations have been deemed “at risk” for listening 

difficulties, including listening fatigue. Listening fatigue can negatively impact a person’s 

communication abilities. As described in Chapter 1, people who have hearing impairment 

would be at risk for listening fatigue when compared to normal hearing listeners. This has 

been largely investigated in children and adults with hearing difficulties. Research has 

been specifically applied to children in listening environments such as school. However, 

studies have not investigated adolescents and young adults with or without hearing loss, 

such as college students. College students attend classes for large portions of the day and 

are expected to engage in discussion, take notes, and understand concepts covered in their 

class: Does the sustained listening effort that college students apply throughout their day 

cause listening fatigue? Does this negatively impact their abilities to understand concepts 

presented in class, and does their ability/performance change throughout the day? The 

research questions for the current study were designed around these sets of questions. Do 

subjective and objective measures of listening fatigue differ between before class and 

after class test days, and is there a relationship between the objective and subjective 

measures?  
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Subjective Measures 

The subjective rating scale included for this study was the IFS. The IFS was used 

pre APD test and post APD test for each condition. This was used to determine if APD 

tests themselves caused fatigue, as well as to see if participants rated fatigue as higher in 

the after class conditions as compared to the before class conditions. For the pre IFS, no 

participants scored within the fatigue category in either condition. These results could be 

from cognitive allocation, suggesting participants apply coping skills and resource 

allocation to attend to their courses all day; however, they may be less successful in 

allocating the remaining resources to complete the task without changing their perception 

of fatigue. In the before class condition, there were a total of 3 participants whose post 

IFS scores were within the fatigue category. The average fatigue score for the 3 

participants who scored in the fatigue category was 30.6. In the after class condition, 

there were a total of 7 participants whose post IFS scores were within the fatigue 

category. The average fatigue score for the 7 participants who scored in the fatigue 

category was 35.2. The higher fatigue in the after class condition as compared to the 

before class condition was statistically significant.  

Statistical differences were also found for the IFS subcategories of cognition, 

energy, and fatigue. Based on the scores for the pre IFS, it appears participants started the 

study more fatigued in the after class condition than in the before class condition. This 

finding aligns well with Eckert et al. (2016), who discussed cognitive resources and the 

change in resource allocation throughout the day. Although participants seemed to have 

adapted their resources to complete the task and maintain performance, it may have 

influenced the participants’ ratings of fatigue. Hockey (1997) discussed cognitive effort 
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throughout the day and that it may be possible that participants were slightly fatigued 

regardless of class; however, results from this study allowed comparison for before class 

and after class as well as pre-APD and post-APD tests. Results suggest fatigue may be 

more related to their cognitive effort and resources from attending class and is evident 

when comparing the after class condition pre IFS to the post IFS scores. Within the IFS 

subscales, it appears that participants expended cognitive energy to complete the task; 

however, participants were still able to complete the APD task successfully. Based on 

scores for the post IFS, it appears participants were more fatigued after the APD testing, 

regardless of condition. There was an even greater increase in fatigue scores when 

comparing the post IFS scores from the before class condition to the after class condition 

(i.e., yielded statistical significance). This may be related to participants utilizing their 

remaining cognitive resources to complete the task (i.e., completing APD testing), thus 

impacting their perception of fatigue. There was no statistically significant difference for 

the productivity subscale. Based on the Ickes et al. (2015) study and current results, this 

may suggest that college students can use coping strategies to maintain productivity and 

performance even though they have to apply more cognitive resources to complete the 

task.  Productivity is only measured as a perception in this study; however, there were no 

differences in APD scores which would align with the subscale of productivity rated 

similarly in both conditions. These coping strategies may also vary among undergraduate 

and graduate students. Ickes et al. (2015) found a difference between the two groups; 

however, the current study only tested graduate students.  

In regards to rest, more participants indicated that they were “moderately well 

rested” in the pre-questionnaire in the after class condition. In the before class condition, 
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more participants indicated that they were “a little” rested. This suggests that the before 

class participants were more rested than the after class participants when answering the 

pre-questionnaire. The participant who rated sleep as abnormal for both conditions 

appeared to maintain performance regardless of the irregular sleep; therefore, it appears 

that the participant’s sleep did not negatively impact their results. In regards to energy, 

only a few participants indicated that they had less energy (i.e., selected “not at all”) in 

the after class condition and more energy in the before class condition. In regards to 

stress, more participants rated their stress as higher (i.e., “quite a bit”) in the after class 

condition and rated their stress as lower in the before class condition. These findings, in 

addition to the ratings of the IFS scores, may suggest participants could have been 

impacted by being in class all day.  

There was a difference in scores between pre IFS (i.e., before APD tests) and post 

IFS (i.e., after APD tests) ratings, in addition to differences in scores between each 

condition. However, the APD results were not statistically significant between 

conditions. Perhaps these results align with Kahneman (1973), who suggested 

participants have the ability to regulate their cognition throughout the day. Perhaps later 

in the day participants have allotted their regulated amount (i.e., utilized their cognitive 

resources before they came in for the study); therefore, the tasks required to be performed 

during the study may have made participants slightly more fatigued. It is possible that the 

task did not allocate enough cognitive resources to observe a break down in performance; 

therefore, future studies could use a higher task load to assess a possible break down in 

performance. In the current study, this could be seen in the after class condition 

subjective measures showing an increase in ratings of fatigue when compared to the 
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before class condition. Eckert et al. (2016) found that participants anticipate and adapt 

their cognitive controls for listening effort to decrease the amount of fatigue experienced 

at the end of the day. Perhaps this is a skill that college students have mastered. This 

could explain why no participants scored in the “severe fatigued” category.  

It was noted that participants verbally informed the researcher that the after class 

condition was much harder than the before class condition, which is consistent with 

subjective ratings of fatigue being higher in the after class condition. This information 

also aligns well with Sievertsen et al. (2016), who investigated standardized test 

performance and time of day and found performance decreases later in the day. This may 

explain why there was a greater increase in fatigue rating scores for the post IFS in the 

after class condition, because students were trying to use their remaining cognitive 

resources to complete the task. As such, they became more fatigued. Overall, it appears 

that the research question was correct regarding an increase in subjective ratings in the 

after class condition. Results indicated that the participants’ perceptions of fatigue did in 

fact increase in the after class conditions.     

Objective Measures 

The objective component of this study were the scores obtained on the APD tests 

to determine if participants’ auditory abilities were negatively impacted by fatigue. It was 

hypothesized that objective measures would be negatively impacted by fatigue similar to 

previous studies described in the literature review. Sieversten et al. (2016) found that 

students taking standardized tests had a decrease in performance if the test was conducted 

later in the day rather than earlier in the day. Locke (2015) found a decrease in 

performance and note-taking abilities when he examined performance at the end of the 
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day compared to the beginning of the day. However, for this study the APD results were 

not significantly different in the after class compared to the before class conditions. 

Perhaps, although participants experienced fatigue, it was not significant enough to 

negatively influence their auditory performance. It may be possible that subjective 

perception of fatigue changes before functional performance change.  

APD tests are generally meant to evaluate and provide functional application to an 

individual with auditory processing disorder, and not designed to replicate real world 

situations. The specific APD tests that were selected were not designed to induce fatigue. 

They were specifically designed to evaluate a particular part of the auditory pathway (i.e., 

FWs evaluates auditory closure abilities; DD evaluates interhemispheric abilities and 

asymmetrical function; MLD 500Hz evaluates at the level of the brainstem; PPS 

evaluates central auditory function and cerebral lesions; and the SSW evaluates central 

auditory dysfunction and the cerebral cortex). Because these tasks are harder and 

challenge the auditory system as well as require effort, it was expected that APD scores 

would decrease, although not to a level in which the participant would be labeled as 

“disordered.” As Cameron et al. (2016) stated, APD tests do not directly cause fatigue; 

rather, the tests are measuring auditory processing abilities during challenging auditory 

processing listening tasks.   

Another explanation for the findings may be motivation. McGonagle (2015) 

indicates that participant motivation may impact task performance. In fact, she 

recommends having participants complete a short motivation screening form prior to task 

completion to help determine if motivation had an impact on their performance during 

the study. She lists several factors that might impact motivation, such as earning a class 
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participation grade, being compensated monetarily, and doing a friend a favor. Luckily 

this study did not provide compensation for participating; therefore, recruitment may 

have had little to no impact on the participants’ motivation to participate in the study. It is 

possible students were motivated to participate in the study and were able to perform well 

on the APD tests at the expense of their perception of fatigue (i.e., intrinsic motivation).  

Hockey (1997) and Ickes et al. (2015) suggest that participants fatigue differently, 

and their performance may be impacted differently based on their active or passive 

coping skills. This may explain why some results were different in the before class and 

after class conditions; however, no set pattern appeared and overall APD scores suggest 

normal auditory processing abilities. The type of APD tests may have impacted the lack 

of score changes caused by fatigue. The DD, PPS, and MLD tests do not have a linguistic 

load and may require fewer cognitive resources. FW involves words; however, it still has 

a lower linguistic load. The SSW tests had the highest linguistic load out of the APD test 

protocol. DD, PPS, MLD, FW, and SSW evaluate auditory processing abilities; however, 

they do not measure higher level auditory and language abilities. When comparing the 

tests used for this study to other APD tests, the linguistic load is minor. There are other 

APD tests such as the Test of Auditory Perceptual Skills (TAPS) which has elements of 

word discrimination; phonological blending; phonological segmentation; number, word, 

and sentence memory; auditory comprehension; and auditory reasoning. This test would 

involve a much larger linguistic load then the tests used for this study. Therefore, the 

participants’ specific processing abilities measured in this task may not have been 

impacted as much as other APD tests that measure different auditory abilities.  
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It was observed that students were able maintain their auditory processing 

abilities regardless of time of day. In fact, the figures above show several individual 

differences between conditions (e.g., FW, MLD, and SSW); however, there was no set 

pattern that would indicate that APD test performance varies with fatigue. In future 

research, it may be useful to increase cognitive requirements, thus increasing effort, 

within the objective measures (i.e., select harder listening tasks that may more directly 

impact fatigue) to determine at what point objective scores decrease with the onset of 

listening fatigue. Perhaps the elements discussed were a possible disadvantage to using 

an APD test battery, and future studies may want to use different performance tests to 

indicate whether or not fatigue impacts performance.     

Correlation Between Objective and Subjective Measures  

The relationship between the objective and subjective measurements was 

evaluated. It was hypothesized performance would decrease with the onset of fatigue due 

to other studies’ findings (Locke, 2015; Hockey, 1997; Sievertsen et al., 2016). For the 

current study, not all participants had a decrease in APD scores, and there were no 

significant differences across conditions for the APD scores. There were in fact, 

individual differences in APD scores between conditions; however, there was no evident 

pattern (i.e., some participants performed better in the before class condition while other 

participants performed better in the after class condition). The IFS scores showed more 

fatigue in the after class condition when compared to the before class condition. While 

the current study found some significant results within the SSW and fatigue ratings, there 

was not a clear pattern of significant results regarding the relationship between other 

objective and subjective measurements. Overall, the results did not indicate a strong 
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relationship between the objective and subjective results. Previous research in the areas 

of fatigue and listening effort have had mixed results regarding relationships between 

subjective and objective measures. As Hornsby et al. (2014) reported, several researchers 

have found a decrease in academic performance and standardized tests in relation to an 

increase in children’s self-reporting of fatigue.  However, Lau et al. (2019) found no 

significant relationship between subjective and objective measures and suggested 

assessing listening effort regarding working memory, attention, motivation and self-

perceived performance. For this study, the non-significant results may be caused by 

several factors, which are further discussed in the next section.  

The lack of an overall relationship between objective and subjective measures 

may be due to coping strategies used by graduate students. Ickes et al. (2015) evaluated 

stress in undergraduate and graduate students and found differences in coping strategies 

between the two groups. They found undergraduate students were unable to cope as well 

as graduate students and were more likely to participate in risky behavior. This research 

could also be applied to different graduate school programs and years in graduate school. 

Even though the current study used graduate students, did these graduate students have 

different coping strategies that helped them be more or less successful compared to the 

other participants in the study? For future research, using coping strategy measurements 

and further defining coping strategies in graduate students may be helpful in explaining 

the relationship between objective and subjective measurements.   
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Factors Impacting Results and Limitations 

Time of the Test in the Before Class Condition 

The purpose of this study was to determine if college students become fatigued at 

the end of their class day; therefore, results needed to be obtained before and after class. 

A potential factor that may have impacted results may be the time of the before class 

condition. Most of the classes began at 8:00 a.m., which meant testing was scheduled 

between 7:00 a.m. and 7:25 a.m. Many of the participants in this study indicated that this 

was “early,” and they usually are not typically awake at that time of day. Therefore, it 

may be hard to determine if students were fatigued because of testing time or because of 

the APD tests. However, the pre IFS indicated that no students met the “fatigue” category 

in the before class condition. It is important to keep in mind that three students were 

within the “fatigue” category when they completed the post IFS in the before class 

condition. Based on the Pre-Questionnaire for each condition, the averages were similar 

for the rest and sleep questions and may indicate no impact of results for time of day. 

Similarly, the differences for the energy and stress questions could relate to the 

participants attending class and not directly relate to the time of day of the test. This may 

explain the similarities within conditions and differences between conditions. The IFS 

scores before the APD test could have been impacted by participants being in class all 

day, although not enough to significantly decrease their auditory performance. Overall, 

the data analysis indicated that the timing of the before class condition may have had 

little statistical significance.   
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Possible Recovery Factor in the After Class Condition 

Participants were scheduled shortly after class ended for their after class condition 

to avoid recovery time (i.e., within 10 to 15 minutes). However, some participants 

reported class ending early which could have resulted in more than 10 to 15 minutes of 

recovery. Additionally, some participants had to wait for their allotted time for testing if 

testing went over time for the participant before them. These two situations could have 

resulted in extra recovery time which could have influenced results. The learning-

forgetting-fatigue-recovery model suggests improved productivity by using long 

production cycles and implementing short breaks (i.e., working rest) (Jaber et al., 2013; 

Konz, 1998). For future studies, it is recommended to add a question in the pre-

questionnaire to track time of recovery involving the time between end of class and 

beginning of the study to rule out recovery time as impacting results.    

Reliability and Test Re-Test 

The APD tests selected for this study may not have been optimal in determining 

functional abilities and may have impacted results and implications; however, all of these 

tests have high sensitivity for testing a particular skill and assessing a particular portion 

of the auditory pathway. For example, the American Academy of Audiology (2010) 

reported good sensitivity for the FWs test for the purpose of functional abilities; however, 

this sensitivity may be the least strong when compared to other APD tests. AAA (2010) 

and Chermak et al. (1997) also stated that MLD test has high validity and 

sensitivity/efficiency at detecting central auditory nervous system disorders, specifically 

in the pontomedullary region and upper brainstem/cortical lesions. Kelley and Littenberg 

(2019) compared three different dichotic tests for sensitivity and test-retest reliability and 
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found that all dichotic tests scored very similarly and were deemed as having high 

sensitivity, as well as good test-retest reliability. AAA (2010) stated that many temporal 

sequencing tests have been heavily documented to have high sensitivity and specificity, 

which includes tests such as the PPS test. Finally, the SSW was first established by Katz 

in 1962 for research and clinical use for auditory processing disorder. Since 1962, 

numerous professionals have used the SSW in their APD test protocols. Hundreds of 

studies have been completed using the SSW test and have argued high sensitivity and 

specificity (i.e., finding central auditory nervous system dysfunction such as cerebral 

cortex lesions, delayed nervous system development, and central auditory dysfunction) 

(Musiek, 1983; Musiek, 1994). For this study, test-retest variability and reliability were 

considered when designing the study (e.g., time requirements between tests, type of APD 

tests selected). Research has shown a possible test-retest difference and has been referred 

to as the “practice effect,” meaning that, when someone performs the task more than 

once, a slight increase in performance occurs. Most research regarding test-retest 

variability and reliability within APD tests is designed to have participants tested multiple 

times a day; therefore, this study was designed to lessen the likelihood of a practice effect 

by having participants wait a minimum of 2 weeks between testing conditions (Chermak 

et al., 1997; Keith, 2012; Kelley & Littenberg, 2019).  

Another version of test re-test variability can indicate how much a test score is 

likely to change when a person is tested a second time. For example, typically 

audiologists use a 5dB test re-test variability (also known as standard deviation) for 

testing pure tones from one day to the next (Schlauch & Carney, 2007). Small differences 

were also found when comparing insert earphones to headphones, and larger standard 
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deviations may exist in the higher frequencies (i.e., over 10,000Hz). The same applies for 

APD testing. In fact, confidence intervals (typically 95% confidence intervals) are used 

for APD testing and were applied to this study’s APD scoring. These intervals are test 

specific and can be found in the test manuals. Results suggest no impact in test re-test 

variability for this study.   

Ceiling Effect in (FW) and Maybe Exchange for a Listening Noise Task 

 In all conditions, the Filtered Words test indicated a possible ceiling effect. This 

test is accurate; however, it may have not been a difficult test for the participants. 

Research shows that listening in noise tests pose as a challenging listening situation, 

especially in times of fatigue (Alhanbali et al., 2020). In the future, if this study were 

partially replicated, it might be more valuable to replace the Filtered Words test with a 

speech in noise test (e.g., auditory figure ground test from the SCAN-3A). This 

information might hold more value in understanding real life situations and functional 

information as related to fatigue.    

Dichotic Digits 

Dichotic Digits test can be scored with reversals counted as correct or incorrect. 

For this study, it was decided to evaluate these scores based on reversals as incorrect 

specifically because of the way the test instructions were provided to the participants. 

One participant had particular difficulty with this test and only in one condition. 

Participant 001 performed poorly in one condition (before class) and within normal 

ranges for the other condition (after class). This participant was randomly assigned to 

complete the after class condition first and the before class condition second. Based on 

our hypothesis, no statistical significance was found; therefore, the hypothesis regarding 
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APD performance decreasing in the after condition was rejected. When examining this 

participant’s IFS score, it does not show a similar relationship. In fact, participant 001 

showed fatigue on the IFS in the after class condition when the performance of DD was 

96%. This participant showed no fatigue on the IFS in the before class condition when 

performance of DD was 6%. Several studies such as Cameron et al. (2016) suggest retest 

scores could be slightly better than original scores because of practice; however, this 

difference should not be significant. This was not seen as the case. One possible 

explanation of the participant’s differences in DD performance between conditions 

maybe that instructions were misunderstood. The participant may not have understood 

the numbers must be repeated with left ear first. However, it is uncharacteristic that the 

condition with the abnormal score was the second time the participant performed the task 

and not the first time. It is recommended for future studies to perhaps include the DD test 

with caution due to test score differences and possible understanding difficulties (i.e., did 

not show significant effects, and had one participant misunderstand the test instructions).   

COVID-19 

 This study was completed in the first year of the COVID-19 pandemic in 2020. 

Many states and cities were in lockdown and had very limited face-to-face interaction. 

The social, psychological, and emotional difficulties encountered by COVID-19 could 

potentially have a negative impact on not only obtaining data but also possible effects on 

those who participated in the study. Many studies have shown the negative effects the 

pandemic has had on the population. For example, Fazeli et al. (2020) found varying 

relationships between COVID-19, anxiety, depression, stress, quality of life, and 

insomnia in adolescents. New studies emerging regarding psychological effects of 
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COVID-19 may lead to additional information in the field of fatigue. It is important to 

note that the participants in this study had limited social and face-to-face interactions 

regarding course presentation, which may have negatively impacted their fatigue (e.g., 

how fast they became fatigued during the study compared to pre-pandemic) due to the 

COVID-19 pandemic.   

 Due to the COVID pandemic and restrictions, research has not been available to 

suggest that face-to-face class versus online class may impact students differently. At this 

time, it is hard to differentiate if students may have more fatigue while participating in 

face-to-face class or online class; therefore, this study included students to have the 

majority of their classes face-to-face in order to meet requirements to participate. Future 

research may identify if one version of class instruction results in more or less fatigue 

than the other. As such, this study could be expanded to both populations of students (i.e., 

online versus face-to-face).  

The COVID-19 pandemic also negatively impacted data collection for this study. 

At the time of data collection, a large number of students were enrolled in partial face-to-

face, partial online classes, or all online classes. Recruiting for participants who attended 

face-to-face classes for a minimum of 4 to 5 hours was limited. The Center for Disease 

Control and Prevention (CDC) provided specific cleaning guidelines, which meant longer 

waiting periods between testing each participant (i.e., cleaning and allowing the air to 

circulate in the booth for the appropriate amount of time between participants) (CDC, 

2020). Due to longer waiting periods between participants, fewer participants were able 

to be tested per day. The CDC (2020) also provided guidelines for self-quarantining (i.e., 

self-quarantining lasting approximately 14 days). Therefore, not all students were able to 
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complete testing due to self-quarantining at the time the semester ended. Overall, the 

pandemic negatively impacted recruiting and completion of data collection for this study, 

which may impact direct relatability to the general population. The power analysis 

estimated 34 participants would be needed for this study to maintain a power level of 0.8; 

however, this study represented results from 15 participants due to the challenges 

associated with the COVID-19 pandemic. For future research, using a larger participant 

sample as well as different auditory tests that measure more functional aspects (e.g., 

noise, comprehension), defining or comparing face-to-face and online learning, and 

measuring coping strategies may be beneficial for finding significant differences with the 

objective measurements.   

Conclusion   

Overall, participants’ auditory processing scores were not significantly different 

between testing conditions. Although there were small individual differences between 

conditions, there was no apparent pattern. The subjective ratings of fatigue (i.e., IFS 

scores) indicated college students have a higher perception of fatigue after a full day of 

classes. In addition, college students’ perception of fatigue was significantly greater upon 

completing APD tests after having a full day of classes. There was no overall significant 

relationship between the subjective and objective measures for this study. Results from 

this study may suggest college students are able to maintain their auditory processing 

abilities regardless of condition; however, it is possible it was at the expense of their 

reported fatigue. In future studies, the study design may be changed to evaluate 

individual differences among APD tests as well as between conditions. It is 

recommended to further investigate listening effort and fatigue in college students with 
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heavier linguistically-loaded tests and the IFS to better determine the relationship 

between subjective and objective tests in college students.  
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APPENDIX A:  

RESEARCH FLYER 
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APPENDIX B:  

INSTRUCTIONAL EMAIL 

 

Thank you for volunteering for this study. Your session has been scheduled for DATE at 
TIME.  

 

For participants attending the morning appointment:  

• Please obtain a restful night sleep.  
• If you stayed awake late for any reason (studying for exam) or did not sleep well 

please reschedule your appointment.  
 

For participants attending the afternoon appointment:  

• Please plan your day to attend all of your scheduled courses. If one or more of 
your courses have cancelled on the same date as your session, please email to 
reschedule for a different date.  

 

 

 

We understand situations may arise, rescheduling is highly recommended if the above 
cannot be followed.  

 

Thank you  
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APPENDIX C:  

INCLUSION/EXCLUSION QUESTIONNAIRES 

Demographic Questionnaire 

 

General Case History 

Age: ________ 

Gender (circle one):      Female    or    Male 

Is your Native Language English? Yes or No      

Are you a full time student (full time = 9 or more hours per semester)? Yes or No  

Medical Diagnosis: (if you answer Yes, please list) 

Have you been diagnosed with an expressive/receptive language disorder? Yes or 

No 

Do you experience tinnitus that lasts all day and impacts your daily life (sleep)? 

Yes or No 

 Do you have a diagnosed hearing loss?  Yes or No 

 If Yes: Left, Right, or Both:__________________________________ 

Do you have a current diagnosis of Attention Deficit Hyperactivity Disorder, 

Attention Deficit Disorder, or Attention Deficit Disorder Primarily 

Inattentive? Yes or No  

 If yes, are you currently taking medication for this diagnosis? Yes or No, 

Do you have any mental health concerns (schizophrenia, depression, anxiety, 

behavioral)? Yes or No, 
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 Please list. 

_______________________________________________________ 

Have you received counseling/treatment for any of the above? Yes or No 

 Please 

list._______________________________________________________ 

Have you been diagnosed with a learning/reading disorder (dyslexia, learning 

disability, language impairment, learning impairment, poor reading 

comprehension, oral/written language disorder, dyscalculia)? Yes or No, 

Have you been diagnosed with a neurological disorder (epilepsy/seizure, stroke, 

brain tumor, multiple sclerosis)? Yes or No 

Please list any current medications (for any of the above diagnoses): 

_______________ 

Have you been diagnosed with a sleep disorder (insomnia, narcolepsy, sleep 

apnea, sleep paralysis, parasomnia)? Yes or No 

   

 

 

  



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

101 

APPENDIX D:  

AUDITORY PROCESSING DISORDER QUESTIONNAIRE 

 

Have you been diagnosed with auditory processing disorder? Yes or No 

 

Have you ever received any counseling or treatment for APD? Yes or No  

 

Do you experience significant difficulty with any of the following? (Circle all that apply.) 

• Understanding speech in noise 

• Understanding rapid speech   

• Following directions 

• Understanding foreign accents 

• Not understanding speech the first time (asking for repetitions) 

• Difficulty localizing sounds/speech  

• Understanding intonation 

• Difficulty with music appreciation  

 

 

 

 

 

 

 

  



Texas Tech University Health Sciences Center, Brandi Murphy, May 2021 

102 

APPENDIX E:  

QUESTIONNAIRE PRIOR TO (APD) TESTING 

Pre – Questionnaire 

 

Have you attended course(s) today? Yes or No 

  If yes, how many hours did you attend courses (Circle one)?  

  1 to 3 hours,  3 to 5 hours,  5 to 7 hours,  7 to 9 hours 

  

Did you participate in-clinic patient care today? Yes or No 

 If yes, how many hours did you participate (Circle one)? 

 1 to 3 hours,  3 to 5 hours,  5 to 7 hours, 7 to 9 hours 

 

In your opinion, did you have a normal restful night sleep? Yes or No 

How many hours did you sleep last night (circle one)? 

Less than 4 hours,  4 to 6 hours,  6 to 8 hours,  8 to 10 hours,  10 to 12 hours   

 

 Not at all A little Moderately Quite a bit Extremely 

Do you feel well 

rested 

1 2 3 4 5 

Do you feel full of 

energy 

1 2 3 4 5 

Rate your stress 

level at this moment 

1 2 3 4 5 
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APPENDIX F:  

(IOWA) FATIGUE SCALE PRE (APD) TEST  

 
Please circle the number of the response that best indicates how you feel right now. 

 

 Not at all A little Moderately Quite a bit Extremely 

I feel worn out 1 2 3 4 5 

I feel energetic 1 2 3 4 5 

I feel slowed down in 

my thinking 

1 2 3 4 5 

I do quite a lot within 

a day 

1 2 3 4 5 

I have trouble 

concentrating 

1 2 3 4 5 

I feel drowsy 1 2 3 4 5 

Physically I feel in 

good shape 

1 2 3 4 5 

I have low output 1 2 3 4 5 

I have trouble with 

my memory 

1 2 3 4 5 

I feel rested 1 2 3 4 5 

I can concentrate well 1 2 3 4 5 
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APPENDIX G: 

(IOWA) FATIGUE SCALE POST (APD) TEST  

 
Following the test you completed, how do you feel right now. Please circle the number of 

the response. 

 

 Not at all A little Moderately Quite a bit Extremely 

I feel worn out 1 2 3 4 5 

I feel energetic 1 2 3 4 5 

I feel slowed down in 

my thinking 

1 2 3 4 5 

I do quite a lot within 

a day 

1 2 3 4 5 

I have trouble 

concentrating 

1 2 3 4 5 

I feel drowsy 1 2 3 4 5 

Physically I feel in 

good shape 

1 2 3 4 5 

I have low output 1 2 3 4 5 

I have trouble with 

my memory 

1 2 3 4 5 

I feel rested 1 2 3 4 5 

I can concentrate well 1 2 3 4 5 

 


