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Abstract 

Executive function plays a big role in our everyday lives and is vital in the 

classroom. The current study was a pilot study that sought to determine the effect 

executive function plays in eye movement and comprehension. The participants were 

asked to watch then answer comprehension questions for 4 different videos. The 4 videos 

were presented under 4 different conditions in random order. The conditions were: 

auditory-only, auditory-visual, auditory-only in background noise, and auditory-visual in 

background noise After participants completed the 4 conditions, they completed the 

Behavioral Assessment of Dysexecutive Function in Children which is a test of executive 

function. The study included 8 participants, 1 female and 7 males, ranging in ages from 8 

years, 3 months to 12 years, 9 months.  Executive function scores ranged from 78 

(categorized as borderline on the BADS-C) to 140 (categorized as superior on the BADS-

C), with an average score of 101.5.  

 Unfortunately, the eye gaze data was not available due to technical difficulties. 

Comprehension results indicated a main effect of noise. In auditory-only conditions, 

participants performed significantly worse in noise than in quiet. In auditory-visual 

conditions, the difference in quiet and noise only approached significance. No statically 

significant correlations were found between comprehension and executive function. 

However, there was a weak positive relationship between comprehension and the 

auditory-only in background noise condition. Data shows trends that visuals slightly 

impacted comprehension in noise more so than in quiet. Future research is needed to 

more fully determine the effect eye gaze has on comprehension of information in noise in 

comparison to executive function levels.  
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Chapter 1 

Introduction 

Imagine a world where no one sets goals, there is no understanding of cause and 

effect, things you say are forgotten within minutes and everyone does exactly what they 

want to do when they want to do it. This is what a world without executive function 

would look like. Executive function is described as the skills that allow us to regulate and 

direct ourselves in all our day-to-day tasks (Kaufman, 2010). Executive function is 

housed in the frontal lobe, the largest anterior most portion of the brain (Queensland 

Health, 2017). Within the frontal lobe, the prefrontal cortex of our brain is interpreting, 

controlling and commanding a number of functions to take place throughout the body 

(Kaufman, 2010). The need for executive function in day-to-day life is very important for 

us all. In the case of school-aged children, executive function allows them to not only 

attend to the teacher giving instructions, but also retain information and initiate the action 

of doing their homework and setting goals to finish the assignment (Kaufman, 2010).   

The frontal lobe, which is where executive function skills are housed, is 

responsible for tasks such as working memory, goal setting, cause and effect, time 

management, attending to task, regulating actions, inhibition, flexibility, organization, 

and initiation, all of which are important inside and outside of the classroom (Kaufman, 

2010). Diamond (2013) breaks executive function down into three main areas – working 

memory, inhibition, and cognitive flexibility. These three portions of executive function 

all work very closely together and are hard to divide during tasks.  

Studies have found that as children get older and classroom structure decreases, 

teachers find some children who never had problems in school before begin to have more 
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trouble in school settings (Kaufman, 2010). Trouble in school can be due to a number of 

reasons, but a common problem is the lack of overall executive function. Children with 

little overall executive function may not have the ability to attend to the teacher giving 

instructions because they are paying more attention to the hum of a projector, the janitor 

whistling in the hallway, or the ticking of the clock behind them (Kaufman, 2010).  

As children get older, the structure of their learning environment changes. 

Younger children have more hands-on learning experiences in the classroom, where older 

children usually sit and listen while the teacher talks. For a child with good executive 

function skills this can be challenging, much less a child with poor executive function 

skills. When sitting and listening to a teacher talk, there are many executive function 

skills at work. Inhibition keeps children from talking to their peers next to them; 

regulation keeps them alert; the ability to attend to the task allows children to take notes 

and listen; working memory allows them to process the information, retain it and then 

store it; their goal setting skills allow them to understand that as soon as class is over they 

will be able to go home and play video games; and their understanding of cause and 

effect allows them to know that if they get up and leave the classroom without permission 

there will be repercussions (Kaufman, 2010). For children with poorer executive function 

skills, what we consider to be “simply” sitting in class listening is very challenging.  

The use of visual supports has been found to benefit the learning process for 

children with impaired executive function skills (Kaufman, 2010). Visual supports can be 

described as a picture or other type of item used to help communicate a message with a 

child who has difficulty using or understanding a spoken language (Autism Speaks 

Network, 2011). These types of visual supports can include first-then boards, visual 
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schedules, symbols for waiting, or appropriate behaviors (Autism Speaks Network, 

2011).  When a speaker speaks, there are many visual-facial cues available to the listener. 

The slightest turn of the mouth to signify a smirk, eyes opening wide to show surprise, 

and eyebrows raising to show suspicion are all examples of visual-facial cues. These are 

all small cues that we read and pair with the words we are hearing in order to fully 

understand what a speaker is saying. These skills that may seem simple to some involve a 

great deal of executive function. As such, throughout a conversation, executive function 

skills are being used whether we realize it or not.   

Before considering the impact of poor executive function on the interpretation of 

visual-facial cues, it is important to understand typical development of eye gaze patterns 

during an auditory-visual task. A study by Król (2018), looking at a listener’s attention to 

a speakers’ eyes and mouth with eye tracking technologies, found that eye gaze patterns 

change throughout our lives. As children, depending on the environmental noise, a 

listener attends more to a variety of facial regions. When environmental noise increases, 

visual attention shifts from the eyes and other facial regions to the mouth. As focus on the 

mouth increases, the listener’s awareness of other facial cues decreases. Now considering 

the use of visual-facial cues as related to executive function, as the listener shifts 

attention/gaze to specific regions of the face, working memory, attention, inhibition, 

regulation, and flexibility skills are all being utilized. It is not known if individuals with 

decreased executive function skills, specifically impaired working memory, have the 

same developmental pattern of eye gaze and use of facial cues as typically developing 

listeners. It is also not known if visual and auditory stimuli together significantly help a 

child with poor executive function to comprehend information.   
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A study by Nirme and colleagues (2019) addressed executive function and 

auditory-visual information and inspired the current study. In the study, the importance of 

executive function in the classroom in regard to the listening environment was 

researched. The study looked at children’s comprehension of a passage read by a virtual 

speaker. The children were given four listening scenarios (i.e., auditory-only, auditory-

only with background noise, auditory-visual, and auditory-visual with background noise). 

After the examiner read each passage, the participants answered comprehension 

questions. Children then completed an executive function test, which was scored and 

compared to the participants’ comprehension scores (Nirme et al., 2019).  The study 

found that children with higher executive function scores had better comprehension 

compared to others when there was auditory-only and no view of a speaker. This research 

generated questions as to what impact executive function has on listening. For example, 

is the child not able to attend to the auditory stimuli or are they simply not looking at the 

appropriate visual stimuli to process the facial information given from the speaker? The 

research stimulated a number of questions in regard to executive function and how 

visual-facial cues and auditory information can benefit students in a noisy classroom.  

Specific areas regarding executive function have not been completely addressed 

in previous research. It is not known if children with poor executive function have trouble 

understanding auditory information because of the inability to ignore noises around them, 

or because executive function negatively impacts their ability to utilize facial cues. If 

given a visual stimulus, like a speaker’s face, are they better able to attend and 

comprehend the information, or are they not focusing on the facial cues like a child with 
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typical executive function skills would? There is still much to be learned about executive 

function and how to best help children succeed in the classroom. 

 Based on the findings by Nirme and colleagues (2019), the current study will 

focus on executive function skills in comparison to overall comprehension of auditory 

information and eye gaze patterns in the presence of background noise comparable to 

classroom settings. The current research will be one step in helping to better understand 

what part executive function plays in understanding auditory stimuli, which may 

eventually lead to ways to better help children in the classroom.  
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Chapter 2 

Literature Review 

Executive Function 

Executive function is a broad term which encompasses a large variety of high-

level thinking skills housed in the frontal lobe (Diamond, 2013). Executive function can 

be broken into three major components – working memory, inhibition, and cognitive 

flexibility. For the purpose of the current study, we will be looking specifically at 

working memory and inhibition. Diamond (2013) described working memory as the 

skills needed to hold information in one’s mind and then manipulate it mentally to make 

sense of it or to hold information in one’s mind while comparing it with other known or 

recently learned information and ultimately solving a problem. Working memory is 

especially important during conversations. It allows us to hear words, store them in our 

mind while we manipulate them and relate them to other known information, and then 

respond accordingly. Inhibition is the ability to control attention, thoughts, and behaviors, 

and focus on things that need to be done instead of things that one wants to do instead 

(Diamond, 2013). Using executive function requires effort. It is easier for someone to 

continue doing what they are doing than to stop or change their actions. Just like it is 

easier to do something than it is to avoid temptation, it is also easier to do what you 

always do or what is second nature than to mindfully change your ways. Cognitive 

flexibility is the third block that builds onto working memory and inhibitory skills. 

Cognitive flexibility is what gives us the ability to take others’ perspectives and adjust to 

changes in our environment (Diamond, 2013).   
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As we know, all executive function skills are closely intertwined and related, but 

we do not know how exactly they all affect or are affected when language is added to the 

mix. This makes it especially hard to separate specific skills when clinicians or 

researchers are assessing clients/participants (Kaushanskaya et al., 2017). In past 

research, working memory has been found to be an underlying problem in children and 

adults with decreased auditory and written sentence comprehension (Daneman & 

Capenter, 1980, Roberts et al., 2007 as cited in Kaushanskaya et al., 2017). Therefore, 

there is evidence that there is a relationship between executive function skills and 

language skills in people of all ages.  

However, various studies have looked at executive function skills in a variety of 

ways with different conditions and tasks. Therefore, it is more likely that research shows 

an association between executive function and language abilities, rather than necessarily 

a strong relationship.  Kaushanskaya and colleagues (2017) studied executive function 

and language in children and looked specifically at the relationship between students’ 

executive function skills and their overall language scores. The study found that language 

scores from standardized testing were not strongly related to the executive function skills 

throughout tasks. However, they did find that there is a strong relationship between 

aspects of executive function, like inhibition, to a child’s syntactic function. Inhibition 

can be a predictor of a child’s syntactic performance, which is consistent with previously 

conducted studies. This study suggests that language and “domain-general EF’s” are 

associated. However, this study only looked at children with very good language skills, 

so the findings cannot be applied to all populations or those with language impairments 

(Kaushanskaya et al., 2017). 
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Executive function is a very important, but broad set of skills we use in everyday 

life. From the planning of our day, to the ability to pay attention during school or work, to 

staying on task and having the ability to focus on important sensory stimuli throughout 

the day, we are constantly putting our executive function skills to work. Our overall 

executive function encompasses many elements like working memory, goal setting, cause 

and effect, time management, attending to task, regulating actions, inhibition, flexibility, 

organization, and initiation (Kaufman, 2010). Diamond’s (2013) model breaks executive 

function into three components: inhibition, working memory, and cognitive flexibility. 

With so many different aspects of executive function, it is hard to look at one specific 

component of executive function. In the classroom, like everyday life, children are 

required to utilize all aspects of executive function. In Kaufman’s book Executive 

Function in the Classroom, he discusses the idea that as children grow older and the 

classroom structure fades, a child’s dependence on executive function skills increases 

(Kaufman, 2010).  

The developmental trajectory for executive function proposed by Richard and 

Fahy (2005) shows executive function skills are still changing in human beings even into 

late adulthood. Based on research by Richard and Fahy (2005), children between the ages 

7 and 10 years, experience an increased development of their frontal lobe, which includes 

more skills that allow for better self-control and fine tuning of neural connections within 

the frontal lobe. Children between the ages 10 and 12 years, experience maturation of the 

frontal lobe which is reflected in their ability to develop strategies and plans, as well as 

their overall inhibition abilities. These then allow for the child to have better problem-
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solving skills and formulate an overall better quality of strategies (Richard & Fahy, 

2005).  

Since the current study is looking at how background noise may affect a student’s 

ability to comprehend auditory information in the classroom, working memory and 

inhibitory control were factors that needed to be considered. Good working memory 

skills are necessary when listening to a teacher speak, while processing the auditory 

information, and when linking it to other known information. Good inhibition skills allow 

a student to sit through a lecture, paying attention to the teacher and learning the material.  

Working Memory 

Working memory is defined by Diamond (2013) as the ability to hold information 

on one’s mind while comparing it to other known or recently learned information and 

ultimately solving a problem. Working memory is important for many things, but it is 

specifically essential in conversation or communication. As someone is speaking, the 

listener is processing what is being said, holding that information, and relating it to 

previous things stated by the speaker and things currently being said. Taking instructions 

and making a mental list of how to begin the task takes working memory. Anything that 

involves receiving information, processing it, and then acting on it involves working 

memory. Therefore, working memory plays a huge role in the comprehension of 

information. Working memory can be broken down into two categories – verbal and non-

verbal. In order to make sense of spoken (verbal) or written information (non-verbal), we 

must hold previous information and compare it to current information in order to make 

the appropriate connections. Mentally thinking through lists, working out problems, and 
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thinking of other solutions to problems all require a variety of executive function skills, 

including working memory (Diamond, 2013).   

Allen and colleagues (2017) looked at the relationship between executive 

attention and working memory by focusing on the ability to ignore unwanted stimuli 

when completing a complex task and the participants’ ability to remember visual objects 

at the end of testing. In order to look at working memory while completing a task, 

participants were asked to count backwards from a randomized three-digit number 

presented on a screen while they looked at a variety of visual stimuli and visual 

distractors (Allen et al., 2017). Later in the study participants were asked to 

name/describe the visuals they had seen. In the presence of distractor stimuli when 

counting backward, participants were less likely to accurately recall their target visual 

stimuli which implies that working memory is impacted by the presence of visual 

distractors when completing a task. This is consistent with other research findings 

suggesting that people are not able to filter out unwanted visual stimuli and solely focus 

on an encoding task while retaining the previously presented target information.  

In the Allen and colleagues study (2017), changes from experiment to experiment 

were visual stimuli, shape, color, location of stimuli, and number of distractors present. It 

was found in one experiment that as the number of distractors increased, the participants’ 

ability to recall the target stimuli decreased (Allen et al., 2017). In terms of demands on 

working memory during this study, the working memory demand increased by having the 

participant focus on more visual targets as they were provided more distractors and while 

counting backwards. The results showed that as the working memory load increases, 

accuracy of the task decreases. Overall, the study found that across the range of 
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experiments there was consistent evidence that manipulation of the executive function 

load interferes with overall task performance. This shows that visual working memory 

and visual selective attention play large roles in executive function.  

Allen and colleagues (2017) found that working memory and attention assist each 

other in taking in and processing visual information from the environment and externally 

focusing “attentional control” (Allen et al., 2017). While there is still debate whether 

executive control and working memory help in minimizing distractions, evidence now 

suggests that as simultaneous tasks increase in workload, the abilities to drown out 

distractors decreases (Allen et al., 2017). As such, the Allen et al. (2017) study found that 

during cognitive tasks, the resources used for working memory are important for 

managing distractions, which allows one to stay on task (Allen et al., 2017). The issue of 

the ability to manage distractions brings to mind another aspect of executive function, 

specifically inhibition. 

Inhibition  

It is also important to consider how working memory interacts with other aspects 

of executive function, such as inhibition. Inhibition is one of the three core aspects of 

executive function (Diamond, 2013). Inhibition allows one to control behaviors and not 

just be at the mercy of impulses like emotions, thoughts, and attention. Inhibition gives us 

the power to choose how we react according to what is most appropriate for the situation 

at hand.  It allows us to ignore stimuli like loud background noise and focus on a speaker 

when we are at a crowded party, gives us the ability to have what we consider self-

control, and enables us to resist distractions when working on important things. Younger 

children often do not use their inhibitory control while completing tasks. With cuing from 
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adults, children can increase their ability to wait and process information before 

responding.  As the wait time increases, children have more time to process and then 

respond more appropriately, leading to improvement in performance on tasks. This 

improvement in task performance is related to the fact that with increased wait time, the 

initial child response fades as the appropriate response/stimulus processes and is then put 

into action (Diamond, 2013).  

In everyday tasks, working memory and inhibition are related and often work 

together (Diamond, 2013). For example, working memory gives much support to 

inhibitory control. As working memory allows us to think through and process 

information, inhibition helps us to stay on task/complete the task at hand. In fact, seldom 

is one needed and not the other, especially in the classroom. In order to keep the mind 

from wandering during conversation/in the classroom while the teacher is speaking, one 

must focus on what is being heard, relate it to other information, and store the new 

information (Diamond, 2013). Research has found that by providing visual supports for 

younger children, they are able to remember information and there is an improvement in 

their inhibitory control.  

In typically developing children, there is a rough timeline of how overall 

executive function skills normally develop, but Richard and Fahy (2005) also provide a 

timeline for what they refer to as “attentional- and self-control” and the control of 

impulses, and “self-inhibition” and the ability to set goals and plan appropriate behaviors. 

As early as 6 months children begin to have inhibitory skills emerge, although they are 

not able to inhibit already learned habits/skills. By the age of 1 year, children can inhibit 

certain behaviors and are able to self-monitor to some extent. Between the ages of 3 and 
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6 years, children begin to decrease their impulsivity, and at the age of 6 years they are 

able to resist distractors more easily and maintain attention for longer. By the age of 10 

years, children should be nearing their maturity levels for selective attention and are more 

easily able to attend to important information while drowning out distractors. As children 

near adolescence they are able to more easily and successfully regulate their behaviors 

and responses, and their working memory skills are almost at mature levels (Richard & 

Fahy, 2005). Like many skills, as children mature their inhibition matures as well, and by 

adolescence children should be close to their maximum maturity levels for inhibitory 

control.   

As such, working memory and inhibition intertwine when looking at executive 

function in relation to distractions. Studies related to visual distraction have indicated that 

executive function is involved with the ability to handle distractors, while other studies 

indicate that executive function may not be the primary determinant of a person’s ability 

to perform in the presence of visual distractions (Allen et al., 2017; Diamond, 2013). 

However, few studies have specifically sought to understand how task type (e.g., auditory 

as compared to auditory-visual information) and distractions are related to executive 

function.  

Auditory Versus Auditory-Visual 

Research by Helfter focused on determining the difference/benefits in clear 

speech with just auditory cues and clear speech with visual and auditory cues (Helfter, 

1997). The researchers also looked at the benefit of speaking clearly versus giving a 

listener visual speech cues. The participants in the study were presented sentences 

recorded at 70 dB SPL in conditions with and without background babble. The 
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background babble was adjusted as needed to obtain the appropriate SNR. In both clear 

and conversational speech, it was found that overall listener perception was easier when 

provided auditory-visual cues rather than just strictly auditory cues. When providing 

visual-facial cues for the listener while speaking clearly, the listener is provided more 

information that aids in perception of speech. It can be assumed that this co-occurrence of 

clear speech and visual-facial cues would be particularly helpful when background noise 

is present (Helfter, 1997).   

In a study by Fougnie and colleagues (2018) the relationship between attention 

and auditory tracking, visual tracking, and tracking of auditory and visual stimuli 

simultaneously was studied. By pairing a variety of what they refer to as “visual-visual” 

and “visual-auditory” tasks, the researchers found that both visual and auditory tracking 

depend on central attention resources (Fougnie et al., 2018). The visual tracking portion 

of the study consisted of two visual tracking tasks. During one portion, participants 

watched a screen as target and distractor visuals changed on the screen every 10 

milliseconds. The visuals were differentiated by their color, orientation, and spatial 

frequency. Therefore, participants were not able to only focus on one aspect of the visual 

target, as the stimuli could share one feature. At the beginning of the task, participants 

were shown the target visual, then they watched as a variety of visuals moved around the 

screen. When there was only one visual left, participants would say if the visual was the 

target or a distractor. For the visual dot tracking task, participants tracked a dot as it 

moved around on a screen with other similar stimuli. As the trial progressed, the dots 

moved around the screen more quickly; if the participant made an error, the speed of the 

dot decreased (Fougnie et al., 2018).  
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During the auditory tracking portion of the study, participants were asked to listen 

to two auditory stimuli (Fougnie et al., 2018). The stimuli had different tones and pitches, 

one stimulus being the target tone and the other a distractor tone. As the target and 

distractor tone were being presented, each changed by pitch in increments of 120 Hz. 

When the transition of pitches was complete, there was a 360-Hz minimum difference 

between the target and distractor tone. Not only did the tones change pitch, but they also 

played from a variety of speakers around the room. This ensured that if the two tones 

overlapped, the participant would still be able to differentiate between the two tones 

(Fougnie et al., 2018).  Results from the study demonstrated a significant dual-task cost 

between the visual and auditory tracking tasks, as both the visual and auditory loads 

increased throughout the task. From these results, Fougnie and colleagues (2018) drew 

the conclusion that visual tracking and auditory tracking pull from the same cognitive 

resource. This study supports other studies that have found that participants are unable to 

monitor two sources with a common modality (visual or auditory), but they can monitor 

auditory and visual as effectively as either single modality (Fougnie et al., 2018).  

Use of visual-facial cues is also important in a classroom environment. In the 

classroom there are a variety of factors that play into the distracting listening conditions. 

However, there has not been extensive research looking at how these conditions influence 

overall comprehension and effort needed while listening (Rudner et al., 2018). Rudner 

and colleagues (2018) studied how background noise, speaker voice quality, and facial 

cues helped a child listen and comprehend information in a classroom setting. During one 

portion of the experiment, the researchers looked at the difference in listening 

comprehension when a listener was shown a virtual speaker, human speaker, or audio 
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recording only of a speaker. Randomized groups were presented one of the three 

conditions: auditory-visual of an animated talker, auditory-visual with human speaker, or 

auditory-only. In all conditions listed above, there was multi-speaker babble background 

noise presented at +10 SNR to simulate a typical classroom. Researchers concluded that 

the virtual speaker was at least as helpful in providing visual-facial cues for a listener as 

the video-recorded human speaker.  

Next, Rudner and colleagues (2018) looked at how listening comprehension was 

affected with and without the use of visual-facial cues from a virtual speaker with a 

hoarse/raspy voice. In the study, a mixed linear regression showed there was an overall 

negative effect on comprehension in the presence of the multi speaker babble background 

noise. However, there was no significant benefit of visual-facial cues in background noise 

when completing the task. Overall, researchers found that there was no significantly 

relevant relationship between visual-facial cues provided by the virtual speaker with a 

dysphonic voice in the presence of background noise. The participants did report that 

auditory-only of the dysphonic speaker was significantly more challenging than when 

provided a visual of the speaker. The study did find, however, that overall comprehension 

of an auditorily presented passage was associated with overall good executive function 

skills (Rudner et al., 2018). 

The Rudner et al. (2018) study found low levels of background noise can 

influence overall listening comprehension. However, there was some evidence that 

showed when the listener is provided a view of the speaker’s face, listening 

comprehension improved (Rudner et al., 2018). The current study will focus on how 

visual-facial cues affect listening comprehension. Instead of solely focusing on the 
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comprehension scores, the study will utilize eye tracking technology to determine eye 

gaze patterns during listening comprehension tasks.   

Eye Tracking/Eye Movement  

Developmentally, eye gaze patterns change over time. Depending on our stage of 

life, our eyes have specific gaze patterns (Król, 2018). Babies’ gaze patterns are more 

focused on eyes, which is believed to be due to social preferences. As children become 

more aware of speech, their gaze patterns shift to be more focused on the speaker’s 

mouth (Król, 2018). Researchers hypothesized that due to the increase of a listener’s 

comfort and understanding of a language, gaze patterns would shift to focus on varied 

facial features for cues. Then, as people get older and hearing abilities and speech 

processing speeds decrease, the eye gaze of the listener shifts back to the mouth (Król, 

2018). Depending on age or stage of life, there is more focus on concentrated areas of the 

face. This allows the listener to process a variety of communication cues from the 

speaker. This use of a variety of communication cues allows for better overall 

understanding of a speaker.   

During Król’s (2018) research looking at the visual attention changes in toddlers 

in the presence of background noise, he found that as the noise increased visual attention 

shifted from the eyes to the mouth. In his study, toddlers watched a speaker recite nursery 

rhymes on a computer screen while eye tracking data was collected looking at three 

portions of the screen – speaker’s eyes, mouth and then the remaining area of the screen. 

The participants also were asked to find a variety of objects on a screen, which required 

the participants to look for a certain object on the screen while listening to auditory 

stimuli. His results indicate that children increase their attention to a speaker’s mouth 
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when there is background noise, but this results in decreased attention on the other 

stimuli, like social cues and presented information (Król, 2018).   

Throughout our day we are presented with an infinite number of sensory stimuli. 

Tark and Curtis (2013) analyzed how people decide where to look based on the type of 

stimulus presented. The most common way we direct our visual attention/visual field is 

by using saccades. Saccades are rapid eye movements which are most often directed 

toward the most salient visual objects or the visual objects that quickly come into our 

visual field (Goldberg et al., 2006; Gottlieb., 1998; Schall & Hanes, 1993 as cited in Tark 

& Curtis, 2013). Auditory information is also used to guide saccades to specific areas of 

interest based on the sounds we hear (Kikuchi-Yorioka & Sawaguchi, 2000; Mazzoni et 

al., 1996; Mullette-Gillman et al., 2005 as cited in Tark & Curtis, 2013). Tark and Curtis 

studied how the frontal and parietal cortices of the brain interact with auditory and 

semantic saccade signals and their motor plan. They found that when visual, semantic or 

auditory stimulated saccades were presented there was equal and significant activation of 

the dorsal frontal and parietal portions of the brain using fMRI technologies.  

Recent research has found that eye tracking technologies are not only useful in 

showing us the movement/fixation of eyes but also can be a predictor of some cognitive 

impairments (Tao et al., 2020). Multiple cortical and subcortical regions of the brain are 

involved in supporting executive function. All of the areas that support executive 

function are activated in correspondence to specific eye movements, like saccade (quick 

movement of both eyes), smooth pursuit (smooth movement of the eyes), searching, and 

social cognitive tasks (Antoniades et al., 2015 as cited in Tao et al., 2020).  Toa and 

colleagues looked at different types of eye movements associated with patients who were 
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diagnosed with Amyotrophic Lateral Sclerosis, Alzheimer’s Disease, Multiple Sclerosis, 

Parkinson’s Disease, and Epilepsy. The researchers evaluated the specific characteristics 

associated with the eye movements. Eye tracking data can give us an inside look at the 

inner workings of the brain, including executive function impairments (Tao et al., 2020).  

Although the current study will not be evaluating eye movement as in depth as 

Tao and colleagues (2020), it is important to know that there has been a relationship 

between eye movement and executive function skills to the point that eye tracking 

technologies can help identify a cognitive impairment. Currently there has not been any 

research specifically looking at eye gaze patterns during comprehension tasks in the 

presence of background noise similar to typical classrooms. Many of the tasks students 

are asked to complete in the classrooms are done in the presence of background noise. 

Therefore, it is relevant to consider the impact executive function and comprehension 

tasks have on eye gaze patterns with background noise present.  

Background Noise in Classrooms 

As classrooms have changed over the years to a more open layout, it is believed 

that there is a greater intensity of noise levels than early, more traditional single class 

classrooms (Smyth, 1979). The increased levels of background noise may lead to a 

poorer learning environment. Signal-to-noise ratio (SNR) is described as the difference in 

the teacher’s voice and other noises heard in the classroom (Smyth, 1979). Good signal-

to-noise ratios would relate to the teacher’s voice being louder, and therefore heard more 

clearly, than the other noises around the classroom. The American Speech-Language 

Hearing Association (2005) recommends a +15 dB SNR in classrooms.  
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There have been significant advancements made in the development of acoustic 

standards in the classroom. However, the standards pertain to empty classrooms and do 

not account for classrooms filled with students (Blair & Larsen, 2011). As more people 

come into the classroom, the absorption of sound changes. The increase of the number of 

people leads to an increase of sound produced in the room and changes in the levels and 

reverberation of sounds. Noise levels are also increased as the teacher has less control of 

students. As students get older and more mature, the dynamic of classrooms changes 

leading to decreased noise levels. 

Background noise in classrooms varies depending on the day, time, and how the 

room is being used at the time (Crandell & Smaldino, 2000). Crandell and Smaldino 

(2000) looked at classroom acoustics for children with normal hearing and those with 

hearing impairments. Background noise not only affects a child’s ability to recognize the 

teacher’s or peers’ speech, but also can negatively affect their overall academic 

performance. Background noise can also have a negative effect on the teacher, as it can 

cause them to feel more fatigued and stressed and can interfere with their teaching. There 

are many factors that play into the acoustics and background noise that is present in a 

classroom, but findings from this study suggest SNR should be at or above 15 dB. An 

empty classroom should not have background noise levels exceeding 30-35 dBA for 

classrooms used with children with normal hearing (Crandell & Smaldino, 2000). 

Studies have been conducted on the impact background noise in the classroom has 

on the receptive skills of children (Smyth, 1979). Smyth (1979) researched the perception 

of speech in quiet with a word list presented at 50 dB SPL. He found that in an average 

empty classroom, the noise levels ranged from about 35 dB to 40 dB SPL. Background 
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noise levels for this study were also recorded in a classroom with children in it. In this 

condition, noise levels ranged from 38 dB up to 90+ dB SPL.  The noise levels averaged 

72.4 dB SPL, with a signal-to-noise ratio of 3.1 dB. Children in the study, aged 7.5 years 

and older, had errors in perception ranging from 16.5% to 41%. For the participants 

younger than 7.5 years of age, perception errors ranged from 46% to 77% (Smyth, 1979). 

The study concluded that the effects of increased noise levels in the classroom can, in 

fact, affect the perception of speech. 

In a study conducted by James Blair and Jeffery Larsen, the benefits of classroom 

amplification were assessed by looking at 14 classrooms within one school (Blair & 

Larsen, 2011). This study looked at one way to increase the signal-to-noise ratio by using 

infrared soundfield systems. The Blair and Larsen (2011) study recommends there to be 

at least a +12 dB SNR in classrooms, a level at which every student is expected to hear 

the teacher speaking. The study found that teachers who experienced a 5 dB difference 

between their amplified and unamplified conditions throughout the study were not as 

likely to notice a difference in their students being able to hear them (Blair, Larsen, 

2011). However, those teachers who had a difference of 12 dB or more with 

amplification compared to their unamplified levels all saw a significant difference in their 

student’s ability to hear them (Blair & Larsen, 2011).  

As such, studies do indicate that background noise can impact understanding for 

children. The studies also show that typical classroom environments do not meet the 

minimum recommended SNR, indicating children are learning in less than optimal 

acoustic conditions. Since this is the case, the current study will address comprehension 

in the presence of background noise in order to simulate the average classroom setting.  
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Purpose 

Executive function includes necessary skills for students to be successful in and 

out of the classroom (Kaufman, 2010).  Listening to the teacher, processing the teacher’s 

voice, and ignoring background noise all require executive function. In a typical 

classroom there is a wide variety of background noises, from construction across the 

street, to people walking down the hallway and children talking in the back of the room. 

There are many auditory distractors that students must ignore in order to fully attend to 

the speaker/teacher in the classroom. Research has shown that when background noise 

increases, listener understanding increases when auditory and visual-facial cues are 

provided by the speaker (Helfter, 1997). Rudner and colleagues (2018) found that in the 

presence of background noise, listening comprehension was shown to slightly improve 

when the listener had a view of the speaker’s face.  

Executive function is integral to how a child functions in a classroom 

environment, and the use of visual-facial cues to supplement the auditory information can 

be helpful in the presence of background noise. Questions exist regarding how executive 

function relates to the use of auditory and visual-facial cues. One study found that 

children with higher executive function scores have better understanding when visual-

facial cues were not provided (Nirme et al., 2019). Other studies show that eye gaze 

patterns change as a child matures, and that visual attention shifts to a focus on the mouth 

when background noise is present. What is not known, however, is the relationship of 

executive function and eye gaze patterns when children are tested with auditory-only and 

auditory-visual stimuli. The current study will be a pilot study focusing on executive 
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function skills, eye gaze patterns, and comprehension abilities of children tested in quiet 

and noise. This study will include testing in auditory-only and auditory-visual conditions.  

The current study will answer the following research questions: 

1. What is the impact of distractions (background noise vs quiet) on comprehension 

and eye movement? 

Hypothesis: Comprehension will decrease in the presence of background noise 

compared to the quiet condition. In the presence of background noise, eye 

movement will be more focused on the region around the eyes on the speaker’s 

face. Comprehension will improve as eye movement is more focused in the eye 

region of the face.  

2. What is the impact of condition (auditory vs auditory-visual) on comprehension 

and eye movement? 

Hypothesis: In conditions where auditory-visual is provided, comprehension of 

information will be greater than in conditions where auditory-only information is 

provided. Eye movement will be more focused within the area of interest (i.e., 

speaker’s eyes and mouth) when auditory-visual information is provided.   

3. What is the relationship of executive function skills as defined by the BADS-C to 

comprehension of information presented? 

Hypothesis: Participants who have overall better executive function scores on the 

BADS-C will have better comprehension of information presented in background 

noise and in quiet conditions.  

4. What is the relationship of executive function skills as defined by the BADS-C to 

eye movement during comprehension tasks? 
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Hypothesis: Participants who have overall better executive function scores on the 

BADS-C will have less eye movement from the specified region around the speakers’ 

eyes throughout comprehension tasks, regardless of condition.  
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Chapter 3 

Methods 

Participants  

Research by Richard and Fahy (2005) found that between the ages of 7 and 10, 

children’s frontal lobe development accelerated. As development continued, children’s 

neural connections became “fine-tuned.” The self-control skills and inhibitory control 

skills matured between ages 10 and 12 years (Richard & Fahy, 2005). As these skills 

matured, the children’s efficiency increased during simple and more complex tasks, and 

they demonstrated an overall increase in their quality of problem-solving strategies 

(Richard & Fahy, 2005). Although children begin to have increased development of their 

frontal lobe and executive function skills at the age of 7 years, participants for the current 

study included children between the ages of 8 years, 0 months and 12 years, 11 months. 

The age range of participants were selected based on the appropriate age range for The 

Behavioral Assessment of the Dysexecutive Syndrome for Children (BADS-C). It was 

used for testing of overall executive function skills and was normed on children between 

the ages of 8 years, 0 months and 15 years and 11 months.  

In order to rule out additional factors which could impact results, participants 

qualified for the study based on parents’ report stating children spoke English as their 

first language, had no existing language or learning impairments/diagnosis, and were 

typically developing. Participants had to pass a pure tone screening at 20 dB HL at 

frequencies of 1000, 2000 and 4000 in both the right and left ear (American Speech-

Language-Hearing-Association, n.d.). Based on parent report, participants had normal or 

corrected (e.g., monofocal eyeglasses or monofocal contacts) to normal vision. Those 
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with bifocal glasses or contacts were not able to participate as the Tobii Pro X2-60 could 

not properly track the participants’ eyes.   

All recruitment and testing procedures followed an institutional review board 

approved protocol. Parents signed a consent form, and children signed an assent form. 

Materials 

To ensure each participant had normal pure tone thresholds, a screening 

audiometer (GSI 18; Maico MA25) was utilized to screen each participant’s hearing 

before participating in the experimental portion of the study. The pass/fail screening 

results were documented.  

Executive function was assessed through testing the child using the BADS-C. The 

BADS-C is a scientifically valid and reliable standardized battery which evaluates a 

child’s executive function skills by having the child complete a number of complex tasks 

targeting a variety of executive function skills (Pearson Clinical, 2020).  

Comprehension ability was assessed using paragraphs from the Mini Mysteries 

and More Mini Mysteries: Featuring Cody’s Casebook published by Remedia 

Publications in 2000. Eight paragraphs were selected from the books with their 

corresponding comprehension questions which were provided in the book. Eight 

paragraphs from the Mini Mysteries and More Mini Mysteries were read by a female 

speaker with a general English dialect. The recording was captured on an Ipad 8 and was 

recorded from a frontal view with face and upper torso visible throughout the recording 

(see Figure 1). The recordings were recorded in front of a solid white background to 

minimize viewer distractions. The speaker was recorded and monitored throughout the 
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recording process to ensure voice levels were within normal speaking range of 

approximately 60 dB SPL (American Speech-Language-Hearing Association, n.d.).  

The Mini Mystery and More Mini Mysteries: Featuring Cody’s Casebook 

comprehension material was selected based on its provided paragraphs and 

comprehension questions based on grade level. Research showed that language played a 

role in overall executive function skills (Kaushanskaya et al., 2017). Therefore, the 

current study selected the paragraphs for the youngest age of participants in order to help 

decrease the complexity of the task added by language. Answers were recorded on the 

scoring sheet and scored based on correct or incorrect response for comprehension of the 

presented paragraph. Each paragraph had five corresponding comprehension questions 

which were scored with a 2 for correct responses, 1 for partially correct and a 0 for 

incorrect responses.    

Multi speaker babble was used as the background noise presented in the current 

study. A signal-to-noise ratio (SNR) of +5 was achieved by playing the multi speaker 

babble and recorded speaker reading the comprehension paragraphs. Typical classrooms 

have been found to have an SNR from +1 to +6 (Larsen & Blair, 2008). As such, the 

current study included an SNR that was comparable to typical classrooms. SNR was 

evaluated before each participant began testing.   

Eye tracking was recorded during all trials using the Tobii Pro X2-60. Participants 

were asked to look at the computer screen placed directly in front of them throughout the 

entirety of testing in order to complete eye tracking. To ensure consistent results with the 

eye-tracking system, all participants were placed in the same room with the same levels 

of lighting. Participants were asked to remove any type of distracting items like hats, 
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jewelry, etc. During auditory-only conditions of the study, a smiley face with the same 

facial dimensions of the video recorded speaker was present so participants had a focal 

point during these conditions (see figure 2). During the auditory-visual conditions, 

participants were asked to look at the speaker throughout the presented video recording.   

Procedure  

Once assent and consent were received and documented, the parent filled out the 

inclusion/exclusion questionnaire in order to ensure the participant met all the previously 

mentioned requirements. Participants had their hearing tested. If participants passed their 

hearing screening, they continued testing. If they failed the hearing screening, the 

participants did not continue with the study. The parents were provided information on 

locations which could provide a full hearing evaluation. 

The conditions for the current study included auditory only and auditory-visual 

stimuli. Conditions also included testing with and without background noise in order to 

reflect a normal classroom setting. Each participant was presented all four conditions: 

auditory-only, auditory-visual, auditory-only with background noise, and auditory-visual 

with background noise. Conditions were presented in random order.  Participants were 

seated 23 to 26 inches away from the computer monitor in order to gather the most 

accurate eye tracking data (Tobii Technology, 2014). Before each condition, the two 

desktop speakers were calibrated. The desktop speaker was presented audio at 60 dB 

SPL, and the multi-speaker babble speaker was 55 dB SPL to obtain a +5 dB SNR. The 

participants watched the recording of the speaker on a laptop sitting on a desk in front of 

them approximately 23 to 26 inches (60 cm) away. Audio from the recorded speaker was 

presented over two external desktop speakers in order to present the recordings to the 
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desired conversational level. The sound booth speaker was used to present the multi-

speaker background babble. 

Condition 1: Participants listened to a paragraph presented as auditory-only at a 

normal conversation level of 60 dB SPL (American Speech-Language-Hearing 

Association, n.d.).  Participants were instructed to look at the smiley face on the computer 

screen placed 23 to 26 inches in front of them so eye tracking could be recorded 

throughout this condition. Eye tracking data was recorded. Participants were verbally 

presented comprehension questions by the researcher face-to-face. The participants’ 

answers were recorded on the corresponding data sheet for the auditory-only/quiet trial.   

Condition 2: Participants were presented with an auditory-only recorded 

paragraph, and background noise was presented during this condition. The recorded 

paragraph was presented at a normal conversation level of 60 dB SPL (American Speech-

Language-Hearing Association, n.d.). The background noise for this condition consisted 

of a 4-speaker babble presented at a level which created a +5 dB SNR. Participants were 

instructed to look at the smiley face on the computer screen placed in front of them so 

eye tracking could be recorded throughout the condition. Eye tracking data was recorded. 

Participants listened to the paragraph. The participants then verbally answered 

comprehension questions which were presented face-to-face by the researcher. Answers 

to the comprehension questions were recorded on the corresponding data sheet for the 

auditory-only with background noise condition.  

Condition 3: Participants were presented an auditory-visual recording of the 

speaker reading a paragraph. The video recording was presented on a computer screen at 

a normal conversation level of 60 dB SPL (American Speech-Language-Hearing 
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Association, n.d.). with the participant. Comprehension question answers were recorded 

on the corresponding auditory-visual data sheet.   

Condition 4: Participants were presented an auditory-visual recording of a speaker 

reading a paragraph. The Participants were instructed to look at the computer screen 

placed 23 to 26 inches in front of them and watch the video of the speaker. Eye tracking 

technology tracked the participants’ eyes as they watched the speaker. Eye tracking data 

was recorded. The researcher verbally presented corresponding comprehension questions 

face-to-face. Video recorded paragraph was presented at a normal conversation level of 

60 dB SPL (American Speech-Language-Hearing Association, n.d.). The background 

noise for this condition consisted of a 4-speaker babble presented at a level which created 

a +5 dB SNR for the listener. The recorded speaker was presented on a computer screen. 

Participants were instructed to look at the computer screen 23 to 26 inches in front of 

them and watch the video of the speaker. Eye tracking technology tracked the 

participants’ eyes as they watched the speaker. Eye tracking data was recorded. The 

researcher verbally presented the corresponding comprehension questions face-to-face 

with the participant. Comprehension question answers were recorded on the 

corresponding auditory-visual data sheet.   

Once the participant completed all four conditions, the participant had a five-to 

ten-minute sensory break. After the break, the participant completed the last portion of 

testing, the BADS-C. Scores from the BADS-C were recorded and testing was complete.  

Analysis 

During completion of the paragraph comprehension portion of testing, 

participants’ responses were scored based on correct/partially correct/incorrect, receiving 
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2 points for correct, 1 point for partially correct, and 0 for incorrect. These scores were 

totaled for an overall percent correct for each condition.  

During completion of the BADS-C, participants responded to questions and 

completed a number of tasks: Scores were recorded on the BADS-C scoring sheet. Raw 

scores for each section (e.g., playing card test, water test, key search test, zoo map test 1, 

zoo map test 2, six-part test) were calculated and converted to the scaled scores based on 

participant age.  

Eye tracking was originally intended to track percentage of time the participant’s 

eyes were within an area of interest (i.e., eyes and mouth of the speaker) but due to 

technical difficulties this was not completed.  

An ANOVA was utilized to determine the effect of noise level (background noise 

vs quiet) and the modality in which the material was presented (auditory vs auditory-

visual).  

To determine the relationship between the participants’ executive function skills 

and their comprehension of the information, a correlational analysis was completed. 

Correlational analysis was originally going to be run to determine the relationship 

between the participants executive function and their eye movement; however, due to 

technical difficulties with the eye tracking technology, this was not possible. 
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Figure 1: Example of listeners’ view during auditory-visual conditions 

 

Figure 2: Example of participants’ view during auditory-only conditions 
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Chapter 4 

Results 

The participants in the current study ranged in age from 8 years, 3 months to 12 

years, 9 months (M=10.0). There were 8 participants recruited for the study, 1 female and 

7 males. All children met criteria, and all 8 completed the study (n=8).  

Executive function scores are shown in Figure 3. Scores from the BADS-C 

ranged from 78 to 140 (M=101.5, SD = 22.90). Based on BADS-C scores, there were 5 

different categories of executive function represented by the participants: 1 borderline, 2 

low average, 2 average, 1 high average, and 2 superior.   

Average comprehension scores are shown in Figure 4. The participants performed 

similarly in quiet with auditory only (M = 63.75%, SD = 23.26) and with auditory-visual 

cues (M = 61.25%, SD = 25.88). However, the participants’ comprehension scores 

decreased in the presence of background noise. The average score in background noise 

with auditory and visual cues was 42.50% (SD = 15.81). This decreased to an average of 

36.25% (SD = 26.15) with auditory only information in the presence of background 

noise. A repeated measures analysis of variance (ANOVA) with within subject factors of 

noise (background noise vs quiet) and modality (auditory vs auditory-visual) indicated a 

significant main effect of noise, F (1,7) = 9.52, p = 0.018. The main effect of modality F 

(1,7) = 0.99, p = 0.763 and the interaction of noise and modality F (1,7) = 0.573, p = 

0.474 were not significant. Post-hoc analyses for the effect of noise were completed 

utilizing paired-sample T tests. In the auditory-only condition, the participants performed 

significantly worse in background noise than in quiet; t (7) = 2.62, p =0.03). In the 
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auditory-visual condition, the difference between quiet and noise approached 

significance; t (7) = 2.23, p =0.059. 

Figure 5 depicts the scores for each condition for the participants. Across all 

conditions, the highest comprehension score was a 90% correct, with the lowest being a 

score of 0% correct. The figure also provided information on the executive function 

scores for participants. There did not appear to be a clear pattern of results by condition. 

Three participants (P2, P7 and P4) showed more of an expected pattern, with highest 

scores in quiet. These two participants’ understanding decreased in noise with visual cues 

were not present (i.e., the auditory only condition). 

Since participants were presented comprehension material based on age, the 

comprehension results were also reviewed based on age groups (see figure 6). It should 

be noted there were only 3 participants in the 5th/6th grade category and 5 in the 3rd/4th 

grade category. In general, the children in the older age group had lower comprehension 

scores on all conditions compared to the younger children, except the auditory-visual in 

quiet. While both groups appeared to be impacted by the presence of background noise, 

the children in the older age group showed a trend to have higher scores with visual 

information. It should be noted that the older group of participants also had some of the 

lower executive function scores which could explain this trend. Eye gaze information 

could be used to further explain this in future studies.  

A Kendall’s Tau correlation analysis was used to determine the relationship 

between executive function skills and comprehension scores. The coefficient did not 

indicate a relationship between executive function and comprehension in the auditory-

only condition (τb = 0.113) auditory visual in quiet condition (τb = -0.0189), and auditory 



Texas Tech University Health Sciences Center, Ivie Mynatt, May 2021 

 35 

visual in noise condition (τb = -0.205). A weak positive relationship was noted between 

auditory only in background noise condition (τb = 0.340). However, none of the 

correlations were statistically significant (p ranged from 0.355 to 0.704).  

Figure 3: Average executive function scores across participants 
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Figure 4: Average comprehension scores for each condition 
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Figure 5: Participants’ comprehension scores for each condition 

 

 

Figure 6: Comparison of age groups to the average comprehension scores  
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Chapter 5 

Discussion 

Executive function is an important aspect of everyday life. Executive function 

skills allow individuals to regulate their emotions, behave “appropriately,” manage time, 

set and reach goals and understand cause and effect. Two important aspects of executive 

function, defined by Diamond (2013), are working memory and inhibition. Working 

memory allows one to hold information on the person’s mind while comparing the 

information to other knowledge that was stored in the brain (Diamond, 2013). Inhibition 

allows one to control impulses and behaviors (Diamond, 2013). Inhibition and working 

memory are important executive function skills for children to develop in order to be 

successful in the classroom.   

 In a typical classroom, there is a large variety of distractions, from the kids in the 

back whispering, people walking down the hall, or a child using their pencils as 

drumsticks. Even with all these distractions, the teacher expects children to sit still in 

their seats, face the front and listen to instructions/lessons. A child’s executive function 

skills give them the ability to inhibit their desire to leave the classroom to play on the 

playground, talk to the person behind them, or play on their iPad. As the teacher is 

teaching, the child’s working memory is at work. New information that the teacher is 

explaining is held, processed, and compared to already known/mastered information in 

the child’s brain.  

Previous studies have found that many of the typical classrooms do not meet the 

recommended SNR, therefore children are not learning in the most optimal environments 

(Blair & Larsen, 2011). Children who appropriately develop executive function skills 
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may adjust to a loud classroom environment just fine, but those with less developed 

executive function skills may suffer. However, research is lacking in the area of how 

executive function abilities relate to listening and learning in poor acoustical 

environments. Determine such relationships could be important, as it is possible that 

children who do not have fully developed executive function skills may benefit from 

accommodations, such as sitting closer to the front of the classroom. This would allow 

the student to have a better visual of the teacher and the cues she is giving while teaching 

(e.g., writing key words on the board, pointing to pictures). Sitting closer to the front of 

the room also reduces the distractions that may be present in a typical classroom.  

However, it is important to consider whether visual cues assist children in 

understanding auditory information. Helfter (1997) found when background noise is 

present, a listener’s understanding improves when there are auditory and visual cues are 

provided by the speaker. Rudner and colleagues (2018) found similar information. They 

found that in the presence of background noise if a listener could see the speakers face, 

comprehension slightly improved. This raises the question if seeing a speaker’s face 

increases comprehension when background noise is present, how does executive function 

ability impact comprehension? A child with poor executive function may not have the 

appropriate inhibition skills to drown out the distractions in the classroom, sit still in their 

chair, or face the front of the classroom. A child with poor executive function might also 

lack the skills necessary to hear new information from their teacher, process it, take notes 

on it, and fully comprehend it.  

The current study was a pilot study designed to evaluate executive function skills, 

eye gaze patterns, and comprehension abilities for children when tested in quiet and in 
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background noise, including conditions with and without visual cues. Participants ages 8 

years through 12 years 11 months completed a comprehension task which involved 4 

different conditions. These conditions involved an auditory-visual recording of a speaker 

and an auditory-only recording of a speaker, as well as quiet and classroom-like 

background noise.  Overall comprehension of the presented recording and executive 

function scores from the BADS-C were used as variables to answer the research 

questions.   

The first research question focused on the impact of background noise. It was 

hypothesized that as background noise increased, overall comprehension of the material 

would decrease. In addition, it was expected that in the presence of background noise, the 

listener’s eyes would spend a larger percentage of time looking at the speaker’s face, 

specifically the mouth region.  The main effect of noise was significant, with participants 

as a whole performing more poorly in the conditions with background noise as compared 

to the conditions in quiet. The study found that in 6 of the 8 participants, the lowest 

comprehension scores were in conditions with background noise. This is consistent with 

previous research, as Rudner and colleagues (2018) found that low levels of background 

noise impacted listening comprehension. Their research also found that when a listener is 

provided a view of the speaker’s face, even in background noise, comprehension 

improved.  

The second research question focused on whether comprehension and eye 

tracking would be impacted by modality (i.e., the use of visual and auditory cues as 

compared to auditory cues only). It was hypothesized that when auditory and visual 

information were presented for the listener, the overall comprehension of the presented 
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information would be greater than when just presented information in an auditory-only 

format. However, neither the main effect of modality nor the noise by modality 

interaction was significant. It was expected that participants would have better 

comprehension with auditory-visual stimulus, especially in the presence of background 

noise.  However, that was not necessarily the case. In quiet, the average scores were 

similar for auditory-only and auditory-visual modalities in both quiet scores (scores 

within 2.5% between modalities) and noise (scores within 6% between modalities – see 

figure 5). Trends for the current data show visuals impacted comprehension slightly more 

in noise as compared to quiet. In fact, five of the 8 participants’ lowest scores were in 

auditory-only conditions in the presence of background noise. This is consistent with 

Helfter (1997), who found that when provided auditory and visual cues, listener’ 

perception was easier than when only provided auditory cues.  

Two of 8 participants had lower scores in auditory-visual conditions in noise than 

in auditory-only in noise.  Interestingly enough, these were also the participants who had 

the highest BADS-C scores. This can be explained by Fougnie and colleagues (2018) 

finding where they drew the conclusion that visual and auditory tracking pull from the 

same cognitive resources. As the cognitive load increases on visual stimuli, the ability to 

focus on the auditory stimulus becomes more of a challenge, or vice versa. Individuals 

are unable to monitor two sources with a common modality (visual or auditory), but they 

monitor auditory and visual as effectively as either single modality (Fougnie et al., 2018).  

However, neither the main effect of modality nor the noise by modality 

interaction was significant. It was expected that participants would have better 

comprehension with auditory-visual stimulus, especially in the presence of background 
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noise. However, that was not necessarily the case. In quiet, the average scores were 

similar for auditory-only and auditory-visual modalities (see figure 5). Given the number 

of participants in the study, data does show a trend of visuals impacting comprehension 

in noise but not have an effect in quiet (see figure 5). Five of the 8 participants’ lowest 

scores were in auditory-only condition in the presence of background noise. This is 

consistent with research from Helfter (1997) which found that when provided auditory 

and visual cues, listener’s perception was easier than when only provided auditory cues.  

Rudner and colleagues (2018) on the other hand, found that visual-facial cues in 

background noise provided no significant benefit to the listener when completing a task. 

However, 3 of the 8 participants had worse scores in auditory-visual condition in the 

presence of background noise (see figure 4). Some studies suggest this is due to the 

auditory and visual resources being pulled from the same area. As such, visual and audio 

resources are related modalities, making it much more difficult to monitor auditory 

information while also monitoring visual information (Fougnie et al., 2018).  

It is important, though, to note behavioral observations during the testing. During 

conditions where background noise was present, many children were observed turning 

their ear toward the speaker and moving their heads closer to the speaker. This was most 

consistent during the auditory-only condition with background noise present. When 

background noise was present, participants were more likely to fidget, move around in 

their chair, or look around the room. 

It was found that as executive function skills increased, the participants’ 

comprehension of auditory-visual information in the presence of background noise, 

decreased. This could be explained with Allen and colleagues (2017) study, which found 
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that working memory is negatively impacted by increased demands. Therefore, as more 

stimuli are present (i.e., background noise, speaker voice, speaker visual) the ability to 

recall information is decreased.  

Another research question focused on the relationship of executive function to the 

comprehension scores and the eye tracking behaviors. As eye tracking information was 

not obtained, the correlational analyses focused on the relationship between executive 

function and comprehension scores. It was expected that the children who performed 

better on the BADS-C would have higher overall comprehension scores. It was 

hypothesized that no matter the condition, background noise/quiet or auditory-

visual/auditory-only, that children with higher BADS-C scores would have better 

comprehension of the paragraphs compared to those with lower BADS-C scores. With 

the limited number of children who participated in this study, there was no significant 

relationship found between BADS-C scores and overall comprehension in all conditions. 

While not statistically significant, a weak positive relationship was seen between 

executive function and auditory-only in noise condition. This may indicate a trend for 

those with higher executive function comprehending more in noise with only auditory 

cues.  

The results were also descriptively analyzed by age group. Compared to the 

average comprehension scores, the 3rd/4th grade group scored better than the 5th/6th 

grade group overall, and more specifically in noise and in auditory-only conditions. This 

is not consistent with Richard and Fahy’s (2005) timeline for executive function 

development, as they state that by the age of 10 years, children should have the necessary 

skills needed to drown out distractors and attend to the important information. It is 
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important to note, that the 3 participants in the 5th/6th grade group had BADS-C scores 

ranging from 78 (borderline) to 96 (average). In comparison, the 3rd/4th grade group had 

scores from 82 (low average) to 140 (superior). The overall executive function 

scores/level of the older age group could have negatively impacted their comprehension 

scores. The older group of participants showed a trend of higher scores with visuals, this 

could be related to their executive function scores being some of the lowest scores and 

not so much their age. Eye gaze data could help further explain this as data would prove 

where each of the participants was looking throughout the recording. Future research 

with more participants in each age group is needed to further investigate the impact of 

executive function on comprehension across age groups.   

The study was originally designed to include eye tracking from the Tobii Pro X2-

60. However, due to technical difficulties, eye tracking data was not saved for the 8 

participants included in the study. The study planned to look at the impact of 

comprehension and eye movement when a listener was presented a paragraph with 

auditory and visual information versus auditory-only, the impact distractions had on a 

child’s comprehension scores and eye movements while listening to a speaker, and the 

impact of comprehension and eye movement when a listener was presented a paragraph 

with auditory and visual information versus auditory-only. Since the Tobii Pro X2-60 did 

not collect the appropriate data, it still us unknown how executive function affects eye 

movement when provided auditory-only or auditory-visual information is presented in 

quiet and noise.  
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Limitations  

 Some limitations of the study relate to participants. The sample size was small. 

Due to COVID-19, there were complications in recruiting participants. There were also 

more males who participated in the research than females. It is believed that males 

develop executive function skills at a later age than females. However, research does not 

prove this theory. Seidman and colleagues (2005) found that there were few differences 

in brain function when comparing male and female children with diagnosis of ADHD. 

However, they never compared typically developing children.  Future studies could be 

designed to address whether there is a difference between males and females for the type 

of tasks included in the current study.  

Another limitation included the use of comprehension questions that were not 

from a standardized test. The CELF-5 was originally selected to be used for the study; 

however, it does not provide 4 paragraphs with similar complexity. Each of the 

paragraphs in the CELF-5 also ranged in length, number of questions per paragraph, as 

well as complexity of questions. In order to control for difference in complexity across 

the range of ages for the study, paragraphs and comprehension questions from the Mini 

Mysteries and More Mini Mysteries published by Remedia Publications in 2000 were 

used. The Mini Mysteries and More Mini Mysteries were comprehension material created 

for the classroom and broken up by grade level. Therefore, the older children were 

presented the paragraphs from the 5th and 6th grade book More Mini Mysteries, and the 

younger children were presented paragraphs from The Mini Mysteries. Each paragraph 

had 10 comprehension questions. For the sake of the time requirements of the participants 

in the current study, only 5 were selected. The books also provided correct answers for 
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each of the questions.  Although these paragraphs were not standardized, they were 

selected based on their length, the variety of paragraphs provided, number of 

comprehension questions provided, and consistency in complexity. However, future 

studies should consider use of standardized material to evaluate comprehension. Different 

comprehension material could also aid in increasing the number of comprehension 

questions which could lead to higher comprehension percentages. In addition to the 

paragraphs not being standardized, there was also no way of controlling for previously 

learned information that could have benefited or hindered the child in answering 

comprehension questions. In order to control for knowledge about the topic participants 

answered comprehension questions about, expository text could be utilized as 

comprehension material.  

One of the main goals of this study was to determine the relationship between 

executive function, eye tracking, and comprehension. Since there were technical 

problems with the collection of data using the Tobii Pro X2-60, future studies can benefit 

from collecting eye tracking data to determine how executive function impacts eye gaze 

and whether gaze on a speaker’s face impacts overall comprehension. In future studies, 

the recorded material for the comprehension portion could benefit from being recorded at 

a closer range in order to give the listener a better view of the speaker. However, eye 

gaze data is necessary in order to determine if changes should be made to the recording.  

Future Studies 

Future studies would benefit from using a standardized assessment for 

comprehension material, in order to increase reliability and validity. Future studies 

should also include a larger pool of participants in order to compare age groups and 
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genders. More participants within the age group (i.e., 8 years, 0 months and 12 years, 11 

months) would allow one to determine the role age plays in the relationship between 

comprehension, eye gaze, and executive function. More participants, especially with 

equal number from each gender, could lead to more comparable information on how eye 

gaze and executive function are related based on gender. Collection of data from the eye 

tracker in future research will more fully answer the research questions from this study 

and determine the impact executive function has on eye movements during less ideal 

listening conditions.  

Conclusion 

 The current study sought to determine the effect executive function has on eye 

movement and comprehension in the presence of noise and in quiet when provided 

auditory-only or auditory-visual information. In order to determine the role executive 

function plays, typically developing, school-aged children between the ages of 8 years, 0 

months and 12 years, 11 months watched and listened to a speaker on a computer screen. 

Four comprehension paragraphs were presented with 4 randomized conditions: auditory-

only in quiet, auditory-visual in quiet, auditory-only with background noise, auditory-

visual with background noise. After each condition, the participant answered 5 

corresponding comprehension questions based on the paragraph presented. At the 

conclusion of the comprehension portion, participants completed the BADS-C to evaluate 

their executive function. The study found that noise had the largest impact on the 

comprehension. There was a trend for visual information aiding the participants’ 

comprehension only in noise, not in quiet. Statically significant relationships were not 

found between executive function and comprehension.   
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Future research is needed to further determine the effect eye gaze has on 

comprehension in the presence of background noise when provided a visual or auditory 

only stimuli. Children with executive function disorders can fall behind in classrooms, 

which ultimately may inhibit their ability to have independence and achieve as much as 

their peers (Richard & Fahy, 2005). Further research is also needed to help determine 

how executive function affects eye gaze and ultimately comprehension in poor listening 

environments.  
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