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ABSTRACT 

The purpose of this study was to determine whether there were differences in reading 

comprehension scores across various auditory and visual modalities in one participant with a 

diagnosis of a language-literacy disorder as well as auditory figure-ground difficulties. A single-

subject case study design was used to complete this research. Data was collected for a total of six 

weeks. Three reading modalities were presented to the participant: visual only via paper, visual 

and audio via iPad®, and audio only via iPad®. Each modality, with the presence of background 

noise, was paired with a passage that the participant read, followed by five comprehension 

questions. Each question was presented in multiple-choice format. Results indicate that further 

research is needed in order to distinguish which modality is best for a child with these diagnoses.  
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CHAPTER I 

INTRODUCTION 

Studies have shown that temporal processing deficits can cause a disruption 

within the “typical” development of the phonological system which can ultimately result in the 

inability to read within the “typical” range (Steinbrink et al. 2014). Auditory Processing Disorder 

(APD) is defined as “hearing difficulties that arise due to dysfunction of the auditory nervous 

system” (Brenneman et al. 2017). APD can impact sound localization and lateralization, auditory 

discrimination, and various temporal aspects of audition. Given these difficulties, there is a 

higher chance of concomitant language-literacy disorders because of the shared processing 

difficulties. Knowing this, it can be assumed with APD there is a higher chance that a language 

or literacy disorder will also occur due to various issues that accompany processing disorders 

(Brenneman et al. 2017). Central Auditory Processing Disorder (CAPD) is defined as 

“perceptual processing of auditory information in the Central Auditory Nervous System 

(CANS)” (ASHA, 2005). The terms Auditory Processing Disorder and Central Auditory 

Processing Disorder will be used interchangeably for the purpose of this paper.  

The participant was evaluated for CAPD as part of this literacy and listening research 

project. She was previously diagnosed with CAPD in 2016 (age 9-years). At that time, the 

SCAN-C (Keith, 2009) was used to assess the participant’s auditory processing skills. Further 

testing involved obtaining results from the Random Gap Detection Test, the Test of Auditory 

Perceptual Skills – 3 (TAPS-3), and electrophysiological testing which consisted of auditory 

brainstem response (ABR) and P300 tests. It was determined by the audiologist completing that 

evaluation that the participant had CAPD with specific difficulties resulting from auditory figure-

ground (background noise) and temporal processing problems. The overall SCAN-C composite 
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score of 83 placed the participant in the 13th percentile (borderline classification). The subtest 

that revealed the most difficulty was the Auditory Figure-Ground +8 dB (AFG+8) subtest, which 

had a standard score of 5 and fell into the 5th percentile rank.  

The CAP evaluation performed in the Spring 2019 Semester used the SCAN 

C:3 (Keith, 2009) to re-assess the participant’s auditory processing capabilities. Because the 

testing completed during the 2019 evaluation was for research purposes only (as opposed to the 

original purpose in 2016 for evaluating listening with respect to academic problems), additional 

tests were not completed. The composite score for the SCAN-3:C was 80 (9th percentile), so the 

participant’s overall testing fell again into the “borderline” category. This was primarily the 

result of two subtests falling into that range (AFG+8 and AFG 0), with several of the other 

subtests falling into the “low normal” range. Because no subtest fell into the “disordered” range, 

a diagnosis of CAPD could not be given after the second evaluation. In order to diagnose an 

individual with CAPD, the individual must score two standard deviations or more below the 

mean for at least one ear on at least two different behavioral central auditory tests. This criterion 

was developed from normative and standardization studies obtained from normal listeners 

(ASHA, 2005).  

 The participant was given The Test of Integrated Language and Literacy Skills (TILLS; 

Nelson et al., 2016) in Spring 2019 Semester. This test included a series of subtests that allowed 

the researcher to examine the client’s overall oral and written language abilities. The participant 

scored low (i.e., below average) on both Sound/Word and Sentence/Discourse composite scores 

(Nelson et al., 2016). Based on the participant’s scores on the TILLS, the participant experienced 

difficulty in the following areas: phonological awareness, reading fluency, reading 

comprehension, listening comprehension, following directions, written expression, and 
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vocabulary awareness. This correlates to the likelihood of the participant demonstrating 

problems at both levels (sound/word and sentence/discourse) in both oral and written language 

modalities (Nelson et al., 2016). After the researcher analyzed the scores on each subtest, it was 

determined the participant’s scores were consistent with that of having a language-literacy 

disorder, specifically an oral and written language disorder. 

 A well-established model for identifying language-literacy disorder is the quadrant 

model. The four quadrants within this model include typical language and literacy, dyslexia, 

oral-written language disorder, and specific comprehension deficit (Nelson, 2019).  When a child 

is functioning within the typical language and literacy range, this means that they are functioning 

within an “average” range in both areas. Dyslexia refers to a specific reading disability, meaning 

that the child has difficulty identifying words, letters, and symbols within a text. Oral and written 

language disorder occurs when the child has low oral language and low reading skills. Specific 

comprehension deficit refers to when a child has good reading and decoding but poor reading 

comprehension (Bishop & Snowling, 2004). For the purposes of this paper the term “language-

literacy disorder” will be used, however, it is of note that “oral written language disorder” is the 

quadrant that best fits this participant’s specific diagnosis.  

Purpose 

 The purpose of this study was to determine whether there were differences in reading 

comprehension scores across various auditory and visual modalities in one participant with a 

language-literacy disorder and auditory figure ground difficulties. From previous studies, it is 

known that there is a correlation between both auditory and visual processes. Both are the 

primary sensory modalities that inform us about the location and identification of objects in our 

environment (Press, 2012). Further, due to an increase of screen usage across the world, there is 
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a need to understand if there is a difference in how that information is processed in comparison 

to how information is processed on paper (Clinton, 2019). Therefore, the research question is: In 

a child with auditory figure ground difficulties and a language-literacy disorder, is there one 

reading modality that is best for the child’s reading comprehension abilities? The findings of this 

study may help speech-language pathologists, teachers, and caregivers of children with auditory 

processing difficulties and language-literacy disorders find a mode of reading information that 

supports them best within the school setting.  
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CHAPTER II 

LITERATURE REVIEW 

Auditory Processing & Language Literacy Disorder 

According to Press (2012), author of Historical Perspectives on Auditory and Visual 

Processing, vision and audition are two primary sensory modalities that inform us about the 

location and identification of objects in the environment. We have a greater ability to understand 

language and retrieve contextually appropriate information from memory, which helps us explain 

how we process information through both our visual and auditory systems (Press, 2012). 

Combining what we know about processing disorders and language and literacy disorders, we 

can better understand how the two are connected.  

Researchers have found that there is a correlation between children who do poorly on 

language tests and children who also have difficulties with their working memory (Brenneman et 

al. 2017). These findings support earlier research asserting that language and cognitive testing 

should be an added component of the pre-evaluation process of auditory processing disorders. 

Steinbrink and colleagues (2014) conducted a study that included 121 males and 115 

females investigating temporal order judgements (TOJ) in primary school-aged children using 

auditory and visual temporal order threshold (TOT) measures. Findings indicated that auditory 

processing abilities have an influence on literacy development. Steinbrink and colleagues found 

that basic temporal processing impairment can lead to an inability to process sensory information 

that passes in a rapid succession in the central nervous system (Steinbrink, 2014). It can be 

assumed that temporal processing deficits are the cause of reading delays rather than the 

consequence of a reading delay. An auditory TOT was found to be the best predictor of reading 

and spelling abilities following first grade, according to the study (Steinbrink, 2014).   
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 This information suggests that children who are diagnosed with a processing disorder are 

also likely to have a concomitant language and cognitive disorder (Brenneman et al. 2017). One 

disorder that may accompany processing and language disorders is Attention Deficit 

Hyperactivity Disorder (ADHD). Research has found that children with both APD and ADHD 

perform more poorly overall than typically developing children on all tasks (Bellis et al., 2011). 

In addition, supra modal or pan-sensory disorders (i.e., sensory processing disorders) including 

ADHD impact the performance on central auditory function overall (Bellis et al., 2011). With 

this knowledge, it can be suggested that “the use of intratest analyses of performance on central 

auditory diagnostic tests alone is necessary for the appropriate diagnosis of APD and supra-

modal disorders such as ADHD” (Bellis et al., 2011, p. 513). 

Use of Technology in Schools 

With the increase of technology use across the world, the question of how our brains 

process information on paper versus an electronic screen, such as an iPad®, remains (Clinton, 

2019). The human brain can create pathways in which it processes different information. With 

this, the brain also processes information that is presented on paper differently from information 

presented on screens. Researchers claim that reading from screens can be less engaging to the 

reader; therefore, less information is retained (Clinton, 2019). It is argued that because reading 

from a screen takes more effort and time to process the information, it should only be used for 

light reading. Clinton and colleagues conducted a systematic review and meta-analysis in which 

they looked at 33 studies investigating the way information was processed after reading from a 

paper book versus a book on a screen. The studies included in the review were conducted 

between 2008 and 2018 and compared reading comprehension question performance and reading 

time. The review included studies of participants with ages ranging from elementary-aged 
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children to adults over the age of 65. Each of the studies in the review examined reading 

comprehension, giving the participants an assessment after reading information given on paper 

and on a screen. The reading comprehension assessment was given the same way the information 

was presented (paper and screen). Many of the studies determined that reading from paper was 

more efficient than reading from a screen. However, most of the participants took a similar 

amount of time reading both text on paper and the text on a screen.   

This information may suggest that depending on the age of the participant (older versus 

younger generations) someone may take more or less time to get through information no matter 

the modality. Clinton suggests younger individuals (digital natives) are growing up accustomed 

to screens in both home and school settings; therefore, reading on a screen is a more routine 

activity. When looking at generations who grew up reading text on paper, reading may be more 

natural when on paper and, therefore, take less energy to process versus if the same information 

was given to them on a screen (Clinton, 2019). Results from this systematic review and meta-

analysis by Clinton and colleagues suggested there is a concern that, in terms of efficiency and 

performance, reading on paper is better than reading on a screen.  

The use of screen media has increased tremendously within the school system. It is 

important to look at how effective screen usage is within educational settings. A systematic 

review and meta-analysis conducted by Haβler and colleagues in 2016 suggested that with the 

increase of technology used in both primary and secondary schools, the use of a screen for 

learning was only effective if the teaching staff was trained to use the technology. The review by 

Haβler and colleagues (2016) included 23 studies of tablet use by children. Sixteen of the 23 

studies resulted in positive learning outcomes with tablet use by children in primary and 

secondary schools. The review evaluated outcomes for science, social studies, and mathematics. 
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Five of the 23 studies (which resulted in no difference in learning) included various activities in 

literacy and reading.  

Dundar and Akcayir (2012) compared reading performance when participants read from 

tablets and paper books. Their findings (included in the Haβler et al. [2016] report) revealed no 

significant differences in comprehension or speed between the groups involved in the study . 

Dundar and Akcayir (2012) also found that certain kinds of technology were appropriate for 

different environments in school, such as tablets being used within a group-project setting versus 

the use of a desktop within a lab. Overall, Haβler and colleague’s review suggested that while 

there has been an increase of technology use in schools, there was a need for training the faculty 

and staff on the use of these different modalities in order to accurately choose the correct mode 

of technology for their own personal class. With an increase in educator training, there should be 

a sense of comfort and consistency that will support the use of technology for students (Haβler et 

al., 2016). 

When reviewing auditory and visual temporal sensitivity and the increased use of tablets 

within schools, the levels of temporal information that is being processed must be 

analyzed/evaluated. Higher auditory temporal sensitivity can be explained due to faster and more 

accurate processing of auditory information versus visual information, meaning there is a faster 

auditory reaction time compared to visual reaction time, according to Stauffer et al., (2012).  

Stauffer and colleagues (2012) looked at modality-specific differences in processing of temporal 

information. Rhythm perception, both auditory and visual, and three different duration 

discrimination tasks (allowing for direct systematic comparisons across both sensory modalities) 

were performed by 50 male and 54 female participants. The researchers then analyzed the data 

and determined that temporal sensitivity for rhythm perception and duration discrimination 
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occurred faster in the auditory domain than the visual domain. It was also determined that there 

was more efficient processing of auditory information versus visual information, due to where 

the stimuli are processed in the primary cortices of the brain. Visual information takes longer to 

get to its primary cortex. For vision, the primary cortex is in the occipital lobe. The primary 

auditory cortex is located in the temporal lobe. This research supports the idea of temporal 

information being processed in a modality-specific way (Stauffer et al., 2012). 

Auditory Processing Disorder & Education 

Studies suggest that as many as 10% of children have some degree of APD (Ryan, 2013). 

Symptoms of APD (such as difficulty following directions, inconsistent or inappropriate 

responses to requests, and remaining focused when listening) can become apparent within the 

early school years of a child’s life (Ryan, 2013). These symptoms may then translate into 

difficulties with communication and learning. This could include difficulty with speech and 

language, as well as problems with reading. In order for the child to receive help in the areas of 

processing, it is crucial for teachers to be aware of the characteristics of APD and refer to the 

appropriate professional. The findings of Ryan and colleagues suggest that there is a need for 

training programs for teachers and caregivers, so they can better understand APD and ultimately 

refer the child whenever they see symptoms (Ryan, 2013).  

Effect of Background Noise on Reading 

Vasilev and colleagues (2018) conducted a meta-analysis on the effects of background 

noise during reading.  These researchers define background noise as “any unwanted sounds that 

are not related to the reading task” (Vasilev et al., 2018). Background noise can range from being 

minimal to extensive, depending on the environment. Dockrell and Shield (2006) investigated 

background noise effects on children’s reading comprehension using three types of background 
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noise: environmental noise, background speech, and music. Additionally, Martin and colleagues 

(1988) investigated adult’s reading comprehension using the same three types of background 

noise, finding similar results to that of children. Their meta-analysis investigated what qualifies 

background sounds to be distracting. Findings suggest the presence of language in background 

sounds to be more distracting than the presence of nonlyrical music (Vasilev et al., 2018). 

Overall results of this meta-analysis found that background noise, speech, and music all had a 

negative effect on reading comprehension accuracy (Vasilev et al., 2018).  

Motivation Within a School Setting 

In his book Helping Kids Achieve Their Best: Understanding and Using Motivation in the 

Classroom, Dennis McInerney suggests that finding out a student’s interests and goals will help 

facilitate motivation within a classroom (McInerney, 2005). Relating lesson plans to the interests 

of the students will not only help facilitate motivation within students in the classroom, but will 

also help the student relate the information to their individual lives (which ultimately helps 

facilitate learning). Being able to relate to students’ individual interests and goals will ultimately 

allow the teacher, professional, or parent to motivate the student (McInerney, 2005). 

Additionally, McInerney describes the role motivation plays within the perspectives of cognitive, 

social, behavioral, and humanist theories. Overall, evidence supports motivation in several 

learning contexts, as well as how it can be both elicited and maintained (McInerney, 2005, p. 4). 

Purpose 

 The purpose of this study was to determine whether there are differences in reading 

comprehension scores across various auditory and visual modalities in a child with auditory and 

language-literacy difficulties. Previous studies indicate that there is a correlation between both 

auditory and visual processes. Both are the primary sensory modalities that inform us about the 
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location and identification of objects in our environment (Press, 2012). Further, due to an 

increase of screen usage across the world, there is a need to understand if there is a difference in 

how that information is processed in comparison to how information is processed on paper 

(Clinton, 2019). Therefore, the research question is: In a child with auditory figure ground 

difficulties and a language-literacy disorder, is there one reading modality that is best for the 

child’s reading comprehension abilities? The findings of this study may help speech-language 

pathologists, teachers, and caregivers of children with processing and language-literacy disorders 

find a mode of reading that supports them best within the school setting.  
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CHAPTER III 

METHODS 

Research Design  

Single-Subject Case Design  

The researcher used a single-subject design for this study. A single-subject design 

includes only one participant in which the researcher used repeated measurements to understand 

the participant’s variability in order to determine the effects of the modalities (Wambaugh et al., 

2014). Because it is easier to measure the effects of the modalities presented, single-subject 

designs are more prevalent in the field of speech-language and hearing. According to an article 

available through the American Speech-Language-Hearing Association (ASHA) website, written 

by Wambaugh and colleagues in 2014, a single-subject design allows the researcher to work 

around the limited number of participants in an area that is being studied. Due to the specificity 

of the diagnosis the researcher is investigating, a single-subject design best fits the study as it is 

difficult to get a number of participants with the same diagnosis (Wambaugh et al., 2014).  

Participant Background 

The participant in this study was an 11-year-old female who had completed the 5th grade 

in May, prior to summer data collection. The participant previously had a diagnosis of Central 

Auditory Processing Disorder. In addition, the participant has received school and private 

language-literacy therapy sessions over the course of two years. That therapy focused on her 

previous CAPD diagnosis, as well as her current language-literacy diagnosis. Background noise 

was a key part of this participant’s auditory processing challenges, and therefore was included 

within this study. This study used the topics of narrative-fiction and non-fiction in order to 

maintain the participant’s interest and motivation. The participant was allowed breaks in between 
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each passage within the session in order to maintain focus throughout each passage. Snacks were 

provided to the participant at the conclusion of each session, used as both a participation 

incentive and a motivator. Since the original diagnosis of CAPD in 2016, the participant’s 

auditory system has matured (as would be expected over three years) and the problems she 

experienced in 2016 did not exhibit themselves during the evaluation process for this study. 

However, because the two subtests that fell into the “borderline” range during the evaluation 

process for this study were both Auditory Figure-Ground tests, it appears that the participant 

continues to have problems listening in background noise. In addition, the Ear Advantage 

Summary results of the SCAN-3:C indicated some atypical findings, which would be related to 

continued delays in the maturation of the participant’s central auditory nervous system. 

Therefore, it appears that the participant continues to have some auditory problems, especially in 

the presence of background noise, which may be due to a delay in neuromaturation. 

Measures   

The participant was assessed using a variety tools in order to confirm a diagnosis and 

determine her current reading level at the Wichita State University Speech Language Hearing 

Clinic, in the Spring Semester of 2019. The assessments are described below: 

Test of Integrated Language and Literacy Skills 

 The participant was assessed with the Test of Integrated Language and Literacy Skills 

(TILLS). The TILLS has been validated for assessing oral and written language in students ages 

6 through 18 years for three purposes: (1) identifying language/literacy disorder; (2) describing 

patterns of strengths and weakness; (3) track changes in language-literacy skills over time 

(TILLS; Nelson et al., 2016). This confirmed that the participant met criteria for this study by 

having a current language and literacy disorder. 
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Basic Reading Inventory  

To ensure the readings provided in this study were within the participant’s independent 

reading level rather than her grade level in school, the researcher administered the Basic Reading 

Inventory (BRI). The BRI is an informal assessment that “helps educators to determine a 

student’s instructional, independent, and frustration reading levels.” (Johns, Elish-Piper, & Johns 

2012). 

SCAN 3:C 

 The SCAN-3:C is a test typically used for the screening and diagnosis of auditory 

processing disorder (SCAN 3:C, Keith, 2009). This test was administered by a licensed and 

certified audiologist to determine if the participant met the criteria for this study. Scores from the 

SCAN 3:C revealed scores in the borderline range in background noise.   

Following this testing, it was determined that the participant has both a language-literacy 

diagnosis and auditory figure-ground difficulties. The participant’s independent reading level 

was confirmed to be grades two and three through the BRI. This information confirmed that the 

participant met all inclusion criteria for the study.  

Materials  

For the purpose of this study, a questionnaire with a list of questions about the 

participant’s exposure to technology was obtained in order to gain a basis for how familiar the 

modalities presented to the participant. The questionnaire was given to the parents of the 

participant to fill out and return by the first day of testing. This helped create a baseline for the 

researcher and guide her when analyzing and interpreting the participant’s results (See Appendix 

A).  
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There were three modalities of books used within this study: audio-only, audio and 

visual, and visual-only. The visual-only modality was presented on paper for the participant to 

read in whatever way was comfortable for her. The participant listened to background noise 

through headphones that were provided by the researcher. The audio and visual modality was 

presented on an iPad® with a voice recording of the researcher reading the passage in the 

presence of background noise. The participant read along (to herself) with the voice recording on 

the iPad®. The audio-only modality was presented through headphones that were connected to 

the iPad® used for the audio and visual modality. The participant listened to the researcher read 

the passage with the presence of background noise. That is, the participant did not read during 

this passage, she only listened. 

 In order to maintain consistency, the researcher used a software application called 

“Audacity” to mix voice recordings of the reading passages with background noise. Mixing the 

reading passages and background noise allowed the researcher to create a realistic listening 

environment that may be encountered in an actual classroom. Audacity is “a multi-track audio 

editor and recording app” the researcher downloaded to her computer to record all audio 

recordings (Audacity Team, 2019). The researcher first recorded her voice reading each passage 

using Apple® headphones with the microphone attached to eliminate white noise. Any 

extraneous noise was erased using the Audacity software. In addition, a pre-recorded section of 

“food court background noise” obtained from the “Rain Rain Sleep Sounds” application 

(Gostony, 2019) was obtained for use as the background noise. The background noise of the food 

court mimicked multiple conversations at once, which is consistent with noise within the 

classroom setting. 
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Once the passages had been recorded, the researcher then overlapped the reading passage 

recording with the background noise and saved it to the iPad®. The background noise that mixed 

with the voice recording of the researcher for the audio/visual and audio-only format was the 

same background noise that was used in the visual-only format.  

In order to select which passages would be assigned to each modality, the researcher 

created a quasi-random selection process. To control for order effect, the researchers randomized 

the order of modality and passage presentation to ensure the passages were not presented in the 

same order to the participant every session. The randomization steps taken by the researchers are 

described next. 

There were 6 different modality order combinations the researchers selected from to 

determine the order of modality presentation for each session. Refer to Table 1 for the session 

order and corresponding modalities.  

With six sessions and therefore six order possibilities with three modalities each, 18 

total passages were assigned for the purpose of this study. When determining which passages 

would be used, the researchers took into consideration the genre of the passages as well as the 

subject of each in order to engage the participant. It was determined by the researchers to use 

both fiction and non-fiction passages, choosing an equal amount of each genre for this study. 

After determining what passages would be used, each passage was then given a number one 

through eighteen. Then, each number was written on a piece of paper and placed in a container. 

Pieces of paper with passage numbers were drawn to select the passages to be assigned to each 

order and corresponding modality. A total of three passages were drawn per order combination. 

After the passages were assigned to each order combination, numbers one through six were 

written on pieces of paper and were drawn to determine the session number aligned to each order 
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combination. For example, session 1 was order number four, meaning the passages would 

be presented in the following modality order: audio only, visual only, audio & visual via iPad®. 

See Appendix B for the passages used in each session in their correlating order and 

corresponding modality.  

Table 1 
 

Procedure  

Once the questionnaire was completed and consent had been obtained by both the 

participant and participant’s parents, the researcher began data collection over the course of six, 

30-minute sessions during the months of June and July.  

The participant was presented with readings from the website ReadWorks®.  This website 

provides short passages within the lexical range of the participant. Lexile ranges are both 

nationally and internationally recognized as “the gold-standard for helping children and young 

adults be college and career ready” (MetaMetrics Inc, 2019). This measurement allows parents, 

teachers, and the state to monitor and personalize the growth of each child within their 

functioning grade level (MetaMetrics Inc, 2019, para. 2). The ReadWorks® website also provides 

the word count of each passage and aligns with Common Core standards. These standards create 

Order Modality 1 Modality 2 Modality 3 

1 Visual Only via paper Audio & Visual via 
iPad® 

Audio Only via iPad® 

2 Audio Only via iPad® Audio & Visual via 
iPad® 

Visual Only via paper 

3 Audio & Visual via 
iPad® 

Audio Only via iPad® Visual Only via paper 

4 Audio Only via iPad® Visual Only via paper Audio & Visual via 
iPad® 

5 Audio & Visual via 
iPad® 

Visual Only via paper Audio Only via iPad® 

6 Visual Only via paper Audio Only via iPad® Audio & Visual via 
iPad® 
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consistent expectations for what children should know in math and English language arts from 

kindergarten through 12th grade (Common Core Standards Initiative, 2019). The researcher used 

passages within the Lexile range of 400-600, including both Grades 2 and 3, since that is the 

grade range in which the participant was reading, verified by the Basic Reading Inventory Test 

administered by the researcher in the Spring of 2019. Each passage had a word count between 

106 and 286 words, including non-fiction and fiction genres.  

Three different passages were presented during each session. At the end of each passage, 

the participant answered five questions regarding what she read in the passage, all in multiple-

choice format. While the format was consistent, the type of questions differed based on each 

passage. These questions provided by the ReadWorks® website were asked at the end of each 

passage to test the participant’s comprehension. All vocabulary or open-ended questions were 

eliminated; therefore, passages containing these types of questions were replaced by questions 

and options created by the researcher using the ReadWorks® format (multiple-choice). These 

questions were presented on paper and read aloud by the researcher.  

Background noise was presented at the level of a typical classroom, which is a signal to 

noise ratio between 20 and 35 dB (Flexer, 2004). The researcher read both the passage via audio-

recording and the questions aloud in order to maintain consistency with rate, tone, and animation 

in which both the passages and questions were presented. After each passage the researcher 

asked the participant, “What did you think of the story?” The researcher made note of the 

participant’s responses and that information is listed in the results section.  

The researcher created a total of eight questions for the entirety of the study. When the 

website did not provide a question or answers that were within this pre-determined range, the 

researcher created new questions or answers in the same format and level of difficulty as other 



19 
 

questions or answers that were provided by ReadWorks® in other passages. Out of the 284 

possible answer options that were presented throughout the six weeks of data collection, 91 of 

those possible answer options were created by the researcher using the ReadWorks® format to 

maintain consistency. It is of note that some questions required the researcher to provide a 

correct answer option. Due to a ReadWorks® error, the researcher could not keep the number of 

possible answer options consistent throughout data collection. Session three, passage two, had 

questions with only three possible answer options versus four that were provided in every other 

passage throughout this study. 

The researcher took the questions asked after each passage and analyzed the accuracy in 

which the participant answered each question within each modality. Each question was scored 

one point, making a total of five points possible for each passage. The researcher continued this 

process over the course of six sessions. It should be noted that if there was an error with the 

question from the ReadWorks® website or options given (e.g. the answer was not listed under the 

question) then the researcher eliminated the question, meaning the passage was worth a total of 

four points. Because the questions came already prepared from ReadWorks®, the researcher 

modified them for consistency. For example, some questions were not presented in multiple-

choice format. In this case, the researcher adapted the question and made potential options for 

the questions, worded similarly to multiple-choice options already used for other passages.  
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CHAPTER IV 

RESULTS 

The set-up of the room was consistent across each session. The furniture within the room 

included three chairs (one for the participant, one for the researcher, and one for the researcher’s 

mentor) and one table. A video camera was used to allow the researcher to review each session 

during the data-analysis process. Snacks were provided to the participant at the conclusion of 

each session, used as both a participation incentive and a motivator. Periodic background noise 

was present within the hallways where the research was being conducted. However, it was noted 

that the noise was consistent for each session. The ambient noise levels were determined to have 

no impact on the participant’s responses. 

Session 1  

The session began by having both the participant and her mother sign research consent 

forms stating their agreement to participate and their understanding that participation in the study 

was voluntary. The structure of the session was order 4 (audio only via iPad®, visual only via 

paper, and audio and visual via iPad®). Breaks were offered to the participant, but the participant 

elected not to take breaks during this session. One question was created for one of the three 

passages by the researcher. ReadWorks® did not have multiple-choice options available for some 

of the questions that were provided in this session. Therefore, a total of 24 possible answer 

options were created by the researcher. The participant was observed getting excited to read on 

the iPad® and told the researcher that she enjoys reading on the iPad®. It is also of note that the 

participant did not wear her glasses this session. See Table 1 for session one details.  
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Table 1 

Session One Passage Results 

 

 

 

 

 

Session 2 

The structure of this session was order 6 (visual only via paper, audio only via iPad®, and 

audio and visual via iPad®). Breaks were offered to the participant, but the participant elected not 

to take breaks during this session. One question was created for one of the three passages by the 

researcher. ReadWorks® did not have multiple-choice options available for some of the questions 

that were provided in this session. A total of nine possible answer options to the questions 

provided by ReadWorks® were created by the researcher for this session. The participant asked 

the researcher to repeat one of the questions read aloud during passage two. The participant was 

observed getting excited to read on the iPad® and told the researcher that she enjoys reading on 

the iPad®. She also told the researcher that she enjoyed the last passage the most and "did not 

want it to end". It is of note that the participant did not wear her glasses during this session.  

 

 

 

 

 

Passage Nonfiction/Fiction  Overall Reading 
Comprehension 
Accuracy  

Modality  

Monkey’s in 
Thailand  

Nonfiction 2/5 
40% 

Audio only 
via iPad® 

Princess 
Lily 

Fiction  4/5 
80% 

Visual Only 
via paper 

Time 
Machine  

Fiction  2/5 
40% 

Audio & 
Visual via 
iPad® 



22 
 

Table 2 

Session Two Passage Results  

 

 

 

 

 

Session 3 
The structure of the session was order 2 (audio only via iPad®, audio and visual via 

iPad®, and visual only via paper). One question was created for two of the three passages by the 

researcher, meaning two questions total were created for this session. ReadWorks® did not have 

multiple-choice options available for some of the questions that were provided in this session. A 

total of eight possible answer options to the questions were created by the researcher for this 

session. It should be noted that one of the questions presented with the audio and visual via iPad® 

modality had to be eliminated after further review because one of the passages did not have the 

correct answer listed as a possible answer under the question. The participant brought her glasses 

to wear during this session. She seemed tired and had nasal drainage due to allergies. One break 

was provided during this session to stretch and walk around the clinic before reading the last two 

passages. 

 

 

 

 

 

Passage Nonfiction/Fiction  Overall Reading 
Comprehension 
Accuracy   

Modality  

A Frog’s 
Life 

Nonfiction  4/5  
80% 

Visual Only 
via paper 

Exploring 
Space 

Nonfiction 3/5 
60% 

Audio Only 
via iPad® 

The Great 
Escape  

Fiction 2/5 
40% 

Audio & 
Visual via 
iPad® 
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Table 3 

Session Three Passage Results  

 

 

 

 

 

Session 4 
The structure of the session was order 3 (audio and visual via iPad®, audio only via 

iPad®, and visual only via paper). One question was created for two of the three passages by the 

researcher, meaning two questions total were created for this session. ReadWorks® did not have 

multiple-choice options available for some of the questions that were provided in this session. A 

total of 17 possible answer options were created by the researcher for this session. The 

participant went back after answering all questions regarding the second passage and corrected 

an answer. She changed her response to give a correct answer. After reading passage three, the 

participant asked the researcher what the word "continent" meant. The researcher had her sound 

it out but did not provide the answer to the meaning of the word. The participant was observed 

yawning throughout the session. The participant required a stretch break between passages one 

and two. It is of note that the participant wore her glasses during this session. 

 

 

 

 

 

Passage Nonfiction/Fiction  Overall Reading 
Comprehension 
Accuracy   

Modality  

Knocked 
Down 

Fiction 3/5 
60% 

Audio Only via 
iPad® 

Breakfast 
Time  

Non-Fiction 2/4 
50% 

Audio & Visual via 
iPad® 

The Human 
Body  

Non-Fiction 3/5 
60% 

Visual Only via 
paper 
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Table 4 

Session Four Passage Results  

 

 

 

 

 

 

Session 5 

 After data analysis, it was determined that session 5 was an outlier due to low 

performance across all modalities from the participant. Therefore, it was thrown out. Further 

information regarding this session is listed in the discussion section. 

Session 6 

The structure of the session was order 1 (visual only via paper, audio and visual via 

iPad®, audio only via iPad®). A total of 33 possible answer options to the questions provided by 

ReadWorks® were created by the researcher for this session. A total of three questions were 

created for two of the three passages by the researcher. During the reading of the second passage 

and the following comprehension questions, the presence of background noise in the hallway at 

the clinic was noted to be distracting to the participant. During this time, the participant was 

observed looking at the hallway door, indicating to the researcher she was noticing the 

background noise occurring in the hallway. Even though the participant was viewed to be 

distracted, her overall results for this session do not necessarily indicate it negatively impacted 

her performance, as her level of performance during each passage was consistent. Between 

Passage Nonfiction/Fiction  Overall Reading 
Comprehension 
Accuracy   

Modality  

Our New 
Old House 

Fiction 4/5 
80% 

Audio & Visual 
via iPad® 

A 
Camping 
Trip 

Fiction 3/5 
60% 

Audio Only via 
iPad® 

The 
Coldest 
Continent 

Nonfiction 3/5 
60% 

Visual Only via 
paper 



25 
 

passage two and three, the participant took a walk around the clinic with the researcher. It is of 

note that the participant remembered to bring her glasses this session.  

Table 5 

Session Six Passage Results  

 

 

 

 

 

Data for all five sessions were plotted on a line graph by modality. See Figure 1.

 

Figure 1 Passage Comprehension Results 
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Passage Nonfiction/Fiction  Overall Reading 
Comprehension 
Accuracy   

Modality  

Big City  Fiction  3/5 
60% 

Visual Only via 
paper 

Big Waves  Nonfiction 3/5 
60% 

Audio & Visual 
via iPad® 

Penguin 
Power 

Nonfiction  3/5 
60% 

Audio Only via 
iPad® 
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 After data collection was finalized, a repeated-measures analysis of variance (ANOVA) 

was conducted. Statistical analyses were conducted using IBM SPSS Statistics Version 25 

predictive analysis software. See Table 6 for descriptive statistics of the repeated measures 

results. The repeated measures ANOVA indicated there was not a significant difference between 

book modality type, F(2,3) = 0.89, p = 0.50, η2
p = 0.37. Overall, there was no one modality that 

was significantly different from the rest. More research will need to be conducted to find a 

specific modality that is most useful to this population. 

Table 6 

Participant’s Reading Comprehension Accuracy Across Three Modalities 

Modality Type Mean Std. Deviation N 

Visual Passage 3.40 0.55 5 

Auditory Passage 2.80 0.45 5 

Auditory & Visual Passage 2.60 0.89 5 

 

The repeated measures ANOVA indicated there was not a significant difference between book 

modality type, F(2,3) = 0.89, p = 0.50, η2
p = 0.37.  
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CHAPTER V 

DISCUSSION 

The purpose of this study was to determine whether there are differences in reading 

comprehension scores across various auditory and visual modalities. The data represents the 

struggle that many families and educators experience with children with auditory figure-ground 

difficulties, as well as a language-literacy disorder; that is, inconsistency between reading and 

listening. Overall, there was no one modality in which the participant’s reading comprehension 

performance was significantly different from the rest.  

However, the visual-only modality did have the highest accuracy rating, suggesting with 

further research, this may be the modality that is most helpful to children with these diagnoses. 

Of note, this participant did not wear her glasses during the sessions in which her reading 

comprehension performance was the highest on the visual-only modality. Therefore, it is 

possible that the participant was more focused on the text because she did not have her glasses.  

Having the correct eye prescription and wearing corrective lenses consistently may have 

changed results. The participant wore her glasses three out of five sessions, which may have 

potentially impacted the outcome. Understanding the relationship between visual and auditory 

processing could have opened the possibility of this negatively impacting the participant’s 

accuracy in this study. Additional research will need to be conducted to find a specific modality 

that is most useful to this population. 

The data may indicate that combining visual and auditory stimuli did not improve overall 

comprehension of the readings that were presented. However, many auditory comprehension 

evaluations suggest using both visual and auditory stimuli in the classroom and moving those 

children to the front of the room so they can “focus”. The results from the current study may 
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prove that each child will have individual needs, and educators as well as families need to be 

open to personalizing recommendations to each child.  

In the meta-analysis conducted by Vasilev and colleagues, it was found that background 

noise, speech, and music all impact reading performance (Vasilev et al., 2018). With the 

participant’s given diagnoses, it can be concluded that the use of background noise allowed the 

researcher to mimic what the participant may experience in various environments, in this case, 

the classroom.  

Each session included both fiction and nonfiction passages. While there was no 

significant difference between the two genres regarding Lexile range or grade level, the data 

shows that the participant was 8% more accurate with questions from a fiction passage versus a 

nonfiction passage. With this knowledge, it is important to note that the researcher must 

understand the participant’s interests and know that accuracy may decrease when a topic of little 

interest is introduced.  

It should also be noted that the motivation in the student, client, or child will increase 

when he or she is presented with an incentive. In this study, the participant was given a snack 

incentive at the end of each session. In his book, McInerney suggests that “anticipated rewards 

are emphasized as imported sources of motivation” (McInerney, 2005, p. 3). During each 

session, before passage three, the researcher provided a reminder that this would be the last 

passage and the participant would receive an incentive afterward. By recognizing the 

participant’s interests, the researcher motivated the participant throughout each session with each 

incentive.   

There was no evident pattern to the responses to each passage which may be due to the 

number of questions presented, number of sessions, and genres within the passages. There was 
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one reading comprehension question in which the participant consistently experienced difficulty. 

That question was worded in the following way: “The passage is an example of _________” 

with correct answers ranging from nonfiction, fiction, and other possible genres. This question 

was asked five times over the course of six sessions and the participant answered it incorrectly 

all five times. It should be noted that it is possible that the participant did not understand the 

question, regardless of it being within the appropriate grade level.  

After reviewing each session in depth, it was determined that session five was an outlier 

due to poor performance by the participant. Therefore, this session was thrown out. Further 

review of the video recording during each session only revealed she was visibly tired during this 

session. The time of the session was consistent with what had been previously discussed and 

scheduled with the family of the participant. It should be noted that by eliminating session five, 

there was no effect on the data collected from the remaining five sessions.  

The participant asked the researcher to re-read a question aloud during session two during 

the second passage, even though she had the questions in paper format provided to her by the 

researcher. This may indicate the possibility of varying levels of processing occurring throughout 

the sessions, as discussed in the study conducted by Stauffer and colleagues (2012) that found 

the auditory system indicated higher temporal sensitivity compared to the visual system. 

Furthermore, the participant went back and self-corrected an answer on one occasion in session 

4, changing her answer from the wrong one to the correct one after all questions had been 

answered. It was noted that the modality in which this answer change occurred was after the 

Audio Only via the iPad was presented.  

Stauffer discovered that there was a faster reaction time within the auditory system 

compared to the visual system, suggesting higher temporal sensitivity in the auditory system. 
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This could be due to many things, for example the primary visual cortex is located in the 

occipital lobe. This means information must travel farther than the auditory cortex which is 

located within the temporal lobe. Therefore, auditory information reaches its primary cortex 

faster than visual information (Stauffer et al, 2012). The current study suggests that the 

participant processed information better auditorily, despite her diagnosis. While the client’s 

reading comprehension performance on the three modalities varied, with no modality shown to 

be significantly different from the rest, the participant performed the highest (60% accuracy) on 

both the audio and the audio/visual modalities in session three. In addition, she performed 

equally well on both audio and visual only modalities in session four. The performance of the 

participant was consistent across all three modalities in session six.  

Conclusion 

This study investigated the correlation between auditory figure-ground difficulties as well 

as language-literacy diagnoses and a child’s ability to comprehend various reading passages. 

Given the results from six-weeks of data collection, it can be concluded that more information is 

needed in order to understand which modality was most useful.  

More questions for each passage should be considered in future research. By increasing 

the data that was collected, the study would have a higher chance of gaining more accurate 

information as to which modality is best for this population. Going from a six-week research 

period to 16-week (full semester) research period could allow the researcher to gain a better 

understanding of which modality was most effective for this child. Increasing the number of 

questions asked would will allow the researcher to gain better information as to how well the 

participant understood each passage, and potentially increase the overall accuracy percentage 

with each passage. 
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The structure of each research session was conducive to the participant’s success. 

Providing various passage topics, offering breaks between each passage, and allowing the 

participant to have a snack at the end of each session was motivating to the participant as well as 

it allowed the participant to remain focused for the duration of the research period.  

While there was not a significant difference in the three reading modalities in this study, 

with this participant, the visual-only modality presented via paper was the highest scored 

modality of the three. By increasing the number of participants involved, monitoring the types of 

passages, and monitoring the response time each question required, this may allow for further 

generalization of the results. Given the participant’s scores within the visual-only modality 

presented via paper, it appears that this modality was the most effective for this participant.   

Future Research 

Since there was one participant in this study, it is difficult to determine if this information 

could be generalized to all children with these diagnoses. Future research should be expanded 

across a 16-week time period involving more participants. By increasing the number of questions 

presented, researchers could potentially gain a better idea of which modality works best for 

children with a diagnosed language-literacy disorder and auditory figure-ground difficulties. 

Involving more participants in the study would allow the researcher to gain more information 

regarding which modality may work best for those children both at home and within an 

educational setting.  

The participant was given five opportunities to answer multiple choice questions across 

each passage. Future research should increase the amount and type of questions to increase the 

opportunity for a broader range of data, so that results can be generalized.  Some possibilities of 

additional question types to investigate include inference and open-ended questions. These 
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research directions could provide more support in determining the best reading modality for 

children with these diagnoses.  

Additional studies may include examining response time as a measure to evaluate which 

modality is most effective. For example, if all questions from the visual modality (no matter 

fiction or nonfiction) had a faster response time compared to other modalities, patterns may show 

which modality was most effective. In addition, future research should inquire in choosing texts 

that relate to modality preference and experience.  

Overall, this information may help speech-language pathologists, teachers, other 

educational professionals, and parents. Understanding the child and how he or she learns is the 

best way to ensure the success of the child. Language, literacy, and auditory processing all play  

a role in a child’s learning environment. By knowing which reading modality is best for a child 

with these diagnoses, it could be suggested that it would allow the child to be more successful in 

his/her learning environment.  
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APPENDIX A 

Participant Technology Survey  

This survey was given to the parents of the participant to gain information on the amount of 

technology exposure and reading experiences of the participant. 

1. How much does she like reading? 

Participant’s answer is: “Not that much.”  We would agree.  It mostly has to be forced or 

coerced. 

 

2. Does she have any experience using an iPad® or any other electronic device? 

Yes.  Phone, Nook, laptop, etc.  

a. If so, how long has she been using one or all electronic device(s)? 

Since 1st grade or so. 

3. Is she familiar reading books on an iPad® or any other electronic device(s)? 

                   Yes. 

4. Does she have opportunities to use an iPad® at school? 

         Yes 

a. If so, for what purpose? 

For reading and math tests/quizzes.   
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APPENDIX B 

Session Schedule  

 

Session Order Passage/Modality Passage/Modality Passage/Modality 
One Four Animals in 

Thailand- Audio 
Only via iPad® 

Princess Lily- 
Visual Only via 
paper 

The Time 
Machine- Audio 
& Visual via 
iPad® 

Two Six A Frog’s Life- 
Visual Only via 
paper 

Exploring Space- 
Audio Only via 
iPad® 

The Great 
Escape- Audio & 
Visual via iPad® 

Three Two Knocked Down- 
Audio Only via 
iPad® 

Breakfast Time- 
Audio & Visual 
via iPad® 

The Human 
Body: You’ve 
Got Some Nerve- 
Visual Only via 
paper 

Four Three Our New Old 
House- Audio & 
Visual via iPad® 

A Camping Trip- 
Audio Only via 
iPad® 

The Coldest 
Continent- 
Visual Only via 
paper 

Five Five Chocolate Long 
Ago and Today- 
Audio & Visual 
via iPad® 

The Hen That 
Laid the Golden 
Egg- Visual Only 
via paper 

Dino News- 
Audio Only via 
iPad® 

Six One Big City- Visual 
Only via paper 

Big Waves- 
Audio & Visual 
via iPad® 

Penguin Power- 
Audio Only via 
iPad® 
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APPENDIX C 

Participant Assent Form 

Wichita State University 
 

IRB Approval Date: 05/02/2019 
 

Study #4455 
 
 
 
 
 
 
 
 

 

I have been told that my parents (mom or dad) have said it’s okay for me to 

participate, if I want to, in language, literacy, and hearing testing. This will help 

me, my parents, and WSU professionals who work with me at the clinic know 

how I learn best. 

 
__________________________________________ 
Name     Date 
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APPENDIX D 

Parent Consent Form 

 

Wichita State University 
 

IRB Approval Date: 05/02/2019 
 

Study #4455 
 
 
 

 

 
 

 

 

Purpose: Your child is invited to participate in a research study of the impact on reading 
comprehension when books are presented in various visual and auditory modalities. We hope 
to learn information about your child's reading comprehension abilities when presented with 
three different book modalities: paperback, iPad, and audio. 
 

Participant Selection: Your child was selected as a possible participant in this study because of 
a history of auditory processing difficulties and her clinic sessions at WSU for literacy skills. 
Your child is the only participant invited to join the study. 
 

Explanation of Procedures: If you decide to have your child participate, she will participate in 
grade level reading, language-literacy, and auditory processing pre-testing followed by 
sessions once per week for 30 minutes over the course of a 6-week time period. Various 
literature will be read either on paper or iPad format with background noise will be present 
during some readings in order to target that part of processing. The following modalities of 
books will be used while assessing reading comprehension: Paperback book (read by 
participant), iPad book (read by participant with voice recording), and audiobook (voice 
recording read to participant). A description of each of the three books follows. Paperback: 
your child will read a passage given to her and answer questions following the reading that is 
within her grade level. iPad: your child will follow along with a recording and read a passage 
given to her on an iPad. Following the reading, your child will answer questions about the text. 
Audio: Your child will listen to a passage being read aloud to her. She will answer questions 
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regarding the story she listened to following the reading. At the end of the six-week period, 
grade level reading, language-literacy, and auditory processing post-testing will be completed. 

 

Discomfort/Risks: There are no anticipated risks associated with participating in this study. 
However, if your child feels uncomfortable with a question, she may skip it. Breaks will also 
be provided. 
 

Benefits: Benefits include providing additional information to researchers, speech-language 
pathologists, audiologists, and other educational professionals about children's reading 
comprehension abilities in the presence of a language and auditory disorder when presented 
with different book modalities. 
 

Confidentiality: Every effort will be made to keep your study -related information confidential. 
However, in order to make sure the study is done properly and safely there may be 
circumstances where this information must be released. By signing this form, you are giving 
the research team permission to share information about you with the following groups: 

 

Office for Human Research Protections or other federal, state, or international regulatory 
agencies; 

The Wichita State University Institutional Review Board; 

 

The researchers may publish the results of the study. If they do, your child’s name will not be 
used in any publication or presentation about the study. 

 

Video recordings will be kept in a locked cabinet for five years, after this time, the video will 
be erased. 

 

Refusal/Withdrawal: Participation in this study is entirely voluntary. Your decision whether or 
not to participate will not affect your future relations with Wichita State University. If you 
agree to participate in this study, you are free to withdraw from the study at any time without 
penalty. 

 

Contact: If you have any questions about this research, you can contact us at: (Karissa 
Marble-Flint, PhD, CCC-SLP, 1845 Fairmount Street, Wichita, KS 67260-0075, 316-978-
6356 and karissa.marble-flint@wichita.edu. Regina Dowling, 
rxdowling@shockers.wichita.edu. If you have questions pertaining to your rights as a 
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research subject, or about research-related injury, you can contact the Office of Research 
and Technology Transfer at Wichita State University, 1845 Fairmount Street, Wichita, KS 
67260-0007, telephone (316) 978-3285. 

 

You are under no obligation to participate in this study. Your signature below indicates that: 

 

You have read (or someone has read to you) the information provided above, You are 
aware that this is a research study, 

 

You have had the opportunity to ask questions and have had them answered to your 
satisfaction, and 

 

You have voluntarily decided to participate. 

 

You are not giving up any legal rights by signing this form. You will be given a copy of this 
consent form to keep. 

________________________________ 
Printed Name of Child 

 
________________________________ 
Printed Name of Parent/Guardian 
 
________________________________  _______________________ 
Signature of Parent/Guardian    Date 
 
________________________________ 
Printed Name of Witness 
 
________________________________   _______________________ 
Witness Signature      Date 
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