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ABSTRACT
The purpose of this study was to determine the academic benefits and challenges, if any,
of utilizing a group amplification system in first-grade mainstream classrooms. More
specifically, this study measured the influence of a group amplification system throughout
language-based tasks, such as spelling accuracy. A total of 33 first-grade students, including two
students reportedly diagnosed with an Autism Spectrum Disorder (ASD), participated in the
study, with 17 students in Classroom A and 16 students in Classroom B. This study’s
experimental procedures included a spelling pretest, two intervention activities, and a spelling
posttest, administered over the course of four days. The spelling pretest was comprised of 10
grade-level words, and was administered to each classroom without the use of an amplification
device. Intervention activities had students create tongue twisters, as well as play a “Spelling
Word” Bingo game. The spelling posttest was comprised of the same 10 grade-level words.
During the intervention and posttest procedures, the researcher made use of a group
amplification system in Classroom A, while Classroom B did not as a control measure. Overall,
students in Classroom A demonstrated significant increases in change scores from spelling preto posttest measures when compared to Classroom B. In addition, the use of a group
amplification system appeared to positively impact students in Classroom A through
improvement of the signal-to-noise ratio. Findings suggest the use of this hearing assistive
technology was effective in the first-grade mainstream classroom.
Keywords: Group Amplification System, Autism Spectrum Disorders, Elementary School
Classroom, Spelling Accuracy
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CHAPTER I: INTRODUCTION
In recent years, the number of elementary school-aged students on the Autism Spectrum
who are mainstreamed in general education classrooms has steadily increased. By 2016, 39.7%
of these students were placed in general education classrooms for 80% or more of the school day
(National Center for Education Statistics, 2016, p. 1). With the increased numbers of
mainstreamed students diagnosed with Autism Spectrum Disorders (ASD), appropriate
educational resources, including group amplification systems, have the potential to be critical
tools for these students. This form of hearing assistive technology may prove to be of academic
benefit to this sample population. In this chapter, the researcher will present the purpose of this
study, provide scholarly and practical rationales for conducting the research, define important
terms, review critical background information on the topic, and describe a brief summary of the
study’s method.
Purpose Statement
The purpose of this study was to examine the academic benefits and challenges, if any, of
utilizing group amplification systems such as frequency-modulated (FM), infrared-receiver (IR),
and remote-microphone (RM) devices in first grade classrooms. More specifically, this study
measured the influence of these group amplification systems throughout academic, languagebased tasks, such as spelling accuracy. This study focused on first-grade students, including
some on the Autism Spectrum who are fully included in these mainstreamed classrooms.
Rationales
There are both scholarly and practical justifications for completing this important
research study. Currently, there is a gap in the literature regarding the benefit of group
amplification systems in the first-grade mainstream classroom. Researchers have examined
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preschool (Nelson, Poole, Muñoz, Nippold, & Pratt, 2013, p. 239); kindergarten (Maag &
Anderson, 2006, p. 380); second grade (Maag & Anderson, 2006, p. 380; Massie & Dillon, 2006,
p. 80); and fourth grade (Larsen & Blair, 2008, p. 454; Maag & Anderson, 2006, p. 380)
mainstream classrooms. Nelson and Nelson (1997) have additionally studied second through
sixth grade combined mainstream classrooms (p. 165). Therefore, the first scholarly rationale of
this study is to target the first-grade population, as this age is a pivotal grade level or time period
for the development of spelling accuracy through academic, language-based instruction and has
apparently not been investigated.
Secondly, several researchers have outlined the potential benefits of utilizing group
amplification technology in the elementary school classroom, but less attention has been paid to
the “challenges” of incorporating this form of hearing assistive technology. Various benefits
reported have included the teacher’s voice reaching a maximum number of students (Dockrell &
Shield, 2012, p. 1164); less vocal strain by the teacher (Da Cruz et al., 2016, p. 42; Dockrell &
Shield, 2012, p. 1164); and an increase in on-task academic behavior (Maag & Anderson, 2006,
p. 391). Massie and Dillon (2006), however, have also examined the potential “challenges” to
implementing these group amplification systems in mainstream elementary school classrooms
(pp. 79-80). As a result, the second scholarly rationale of this study is to expand upon these
previously established ideas and investigate benefits, alongside the “challenges” of utilizing this
form of hearing assistive technology in first grade classrooms.
Finally, there is a gap in the literature regarding the use of assistive technology with
children on the Autism Spectrum who are deaf or hard of hearing or also present with Auditory
Processing Disorders. Researchers have examined the use of video self-modeling (Hart &
Whalon, 2012, p. 438), “behavior analytic” intervention (Easterbrooks & Handley, 2005, p. 403),
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and sign language (Shield, Meier, & Tager-Flusberg, 2015, p. 2130) with this sample population.
Additionally, Hansen and Scott (2017) conducted a systematic review of current evidence
regarding children with this dual diagnosis, with results indicating, “a strong need for additional
research in these areas” (p. 1). Therefore, the final scholarly rationale of this study is to attempt
to expand upon previously established research and incorporate students on the Autism Spectrum
who exhibit challenges in auditory processing as part of this study’s sample population.
A practical rationale for this study is the ways in which classroom teachers will
presumably be able to effectively utilize this information. Mainstream classroom teachers can
incorporate new knowledge from this study while working with their first-grade students, as well
as mainstreamed students, on the Autism Spectrum. These teachers will become aware of the
benefits group amplification systems have to offer classroom peers, as well as students with
Autism Spectrum Disorders, in the area of spelling accuracy during academic, language-based
instruction. These professionals will also be asked to report on the various “challenges” that may
present themselves while incorporating the use of this hearing assistive technology with their
students.
A second practical rationale is that this study can potentially aid group amplification
manufacturers in the creation of new products. Based on the study’s results, manufacturers may
be able to create and market products that stress the clinical effectiveness of their systems in
elementary school classrooms for the sample population of first-grade students, including some
students with Autism Spectrum Disorders. Additionally, these manufacturers will also be in the
position to address potential challenges that may be identified in this study in order to create
improved products.
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Background
In this section, the basic anatomy of the ear will be reviewed, and an introduction to the
use of group amplification systems as a form of hearing assistive technology will be provided.
To better understand the sample population of focus throughout this study, foundational
knowledge regarding Auditory Processing Disorders and Autism Spectrum Disorders will also
be introduced.
There are three main parts of the ear, which include outer, middle, and inner components.
The outer ear includes the part of the ear that is easily seen, also known as the pinna or auricle, in
addition to the external auditory canal or meatus. The middle ear is an air-filled space containing
a chain of three ossicular bones, as well as the Eustachian tube. The inner ear is composed of the
cochlea, the sense organ of hearing, and semicircular canals that aid with balance (Martin &
Clark, 2015, p. 17). Should any of these areas be missing or damaged, technologies have been
developed to augment the resulting impaired auditory skills. These may include hearing aids,
designed to amplify sounds in the patient’s environment (Johnson, 2012, p. 154), cochlear
implants, comprised of external and internal components to replace damaged cochlear hair cells
(Johnson, 2012, pp. 265-266), or hearing assistive technology (HAT), including a wide variety of
tools to aid individuals with hearing loss (Johnson, 2012, p. 230). Hearing assistive technologies
may be especially appropriate when used by elementary school students with Autism Spectrum
Disorders (ASD), including those who also present symptoms of Auditory Processing Disorders
(APD). These disorders and the clinical effectiveness of hearing assistive technologies for these
students will be explained in greater detail throughout the literature review that will follow this
chapter.
.
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Group amplification systems are a specific type of hearing assistive technology. These
devices are composed of four distinct parts: a microphone to pick up the signal, an amplifier to
increase the intensity or “loudness” of the signal, a transducer to change the signal to amplified
waveforms, and a receiver to obtain the signal (Flexer, 1997, para. 3). These devices may be
personally attached or coupled to hearing equipment, such as a hearing aid, to benefit an
individual patient (Deconde Johnson & Seaton, 2012, p. 297). Alternatively, amplification
systems may be coupled in a large group setting, in order to distribute amplified signals to a
larger population (Atcherson, Franklin, & Smith-Olinde, 2015, p. 104).
In order to better understand a portion of the sample population throughout this study, it
is critical to recognize various features of Auditory Processing Disorders (APD). About 7% of
the global population under age 10 years has been diagnosed with APD, with private school
students twice as likely to be diagnosed than their public-school peers (Nagao, Reigner, Padilla,
Greenwood, Loson, Zavala, & Morlet, 2016, para. 6). Research has yet to identify any direct
cause(s) of this disorder, with a wide range of possibilities, such as cognitive, memory, or
linguistic challenges, each playing a role in its diagnosis (Bamiou, Musiek, & Luxon, 2001, p.
362). Common symptoms of Auditory Processing Disorders include difficulty in sound
localization, processing of auditory information, speech perception and comprehension, and/or
development of language (Deconde Johnson & Seaton, 2012, pp. 198-199). Additionally, various
developmental disabilities, such as Autism Spectrum Disorders (ASD), may co-occur with this
condition.
It is also important to recognize various characteristics of Autism Spectrum Disorders to
clearly comprehend some of the sample population to be reviewed throughout this study. It has
been estimated that 1% of the global population has been diagnosed with Autism Spectrum
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Disorders or ASD (Christensen, Baio, & Van Naarden Braun, 2016, p. 1). Much like Auditory
Processing Disorders, research has not identified any specific cause(s) of ASD in children at this
time. A combination of genetic factors -- such as family history; or environmental factors -- such
as complications during pregnancy, may each play a role in the etiology of ASD (p. 3). A variety
of common symptoms of Autism Spectrum Disorders include difficulty with various social
skills, stereotypic behaviors, and/or abnormal reactions to a particular sensory environment
(Ennis-Cole, 2015, p. 6). Interestingly, ASD is typically referred to as a “spectrum,” meaning
that the disorder may affect each patient differently, while ranging from mild to severe
(Christensen, Baio, & Van Naarden Braun, 2016, p. 1).
With the understanding of Auditory Processing Disorders and Autism Spectrum
Disorders, a portion of the sample population throughout this study has been narrowed.
However, while it is important to understand the anatomy of the ear, as well as forms of hearing
assistive technology, specifically including group amplification systems with elementary school
students, a set of key terms must be defined.
Definitions
In order to gain a thorough understanding of this study, several terms need to be defined.
The term group amplification system, as defined by Berg, Blair, and Benson (1996), commonly
makes use of, “loudspeakers that allow for groups or an entire class of students to listen to the
teacher’s voice at an improved S/N [Signal-to-Noise] ratio, no matter where the teacher is in the
classroom” (p. 19). Johnson (2012) defined a frequency-modulated (FM) system as, “a
transmitter that sends the signal via radio waves to a receiver,” working as, “the speaker talks
into the microphone that transduces the acoustic signal into an electric signal, which is in turn
sent by radio waves to the receiver” (p. 244). An infrared-receiver (IR) system is, “based on light
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waves carrying a signal from one or more transmitters to one of several types of small,
specialized receivers” (Atcherson et al., 2015, p. 133). Additionally, remote-microphone
technology is, “a frequency modulation (FM) or digital transmitter connected to a microphone
worn by the primary talker or teacher” (Schafer, Wright, Anderson, Jones, Pitts, Bryant, Watson,
Box, Neve, Mathews, & Reed, 2016, p. 3). This latter system operates as, “the transmitter
wirelessly sends the speech signal from the primary talker or signals from other auditory
mediums (e.g., projector, audio player, television) directly to the receiver” (p. 3).
Lastly, in order to better understand a portion of the sample population of this study, both
Auditory Processing Disorders (APD) and Autism Spectrum Disorders (ASD) should be defined.
According to the American Speech-Language-Hearing Association (2005), an Auditory
Processing Disorder or APD, “refers to difficulties in the perceptual processing of auditory
information in the central nervous system” (p. 1). Simply put, a definition of Auditory
Processing Disorders is -- difficulty in “what the brain does with what the ear hears” (Deconde
Johnson & Seaton, 2012, pp. 198-199). Autism Spectrum Disorder or ASD, is, “a behaviorally
defined syndrome characterized by abnormalities in reciprocal social interaction, verbal and
nonverbal communication, and restricted repertoire of interests and behaviors, all present from
early childhood” (Alcantara, Weisblatt, Moore, & Bolton, 2004, p. 1107). For persons with ASD,
“sensory processing difficulties are consistently reported amongst individuals with an autism
spectrum condition (ASC)” (Howe & Stagg, 2016, p. 1656).
Description of Method
This study employed a quantitative approach to research through the administration of
pre- and posttest measures. Prior to the experimental pretest, lead teachers in two first grade
classrooms completed a “Listening Inventory” for individual students. Utilizing a limited rating
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scale from 1 to 3, this screening instrument determined students’ routine listening or
“perception” abilities in the classroom, with 1 as “Rarely,” and 3 as “Always.” Afterwards, each
classroom, containing some students on the Autism Spectrum, completed a spelling pretest of 10
first-grade level words without the use of a group amplification system. Each spelling term was
stated once alone, once in a sentence, and once alone. Following the pretest measure, two days of
spelling intervention activities were provided for 20-30 minutes each day. After three days,
students in each classroom completed the same spelling test of 10 first-grade level words. Each
spelling term was stated once alone, once in a sentence, and once alone. During the intervention
and posttest procedures, one classroom incorporated the use of a group amplification system,
while the students in the other classroom served as the control group, and completed the
intervention activities and posttest measure without amplification. Results were analyzed to note
student performance on the pre- and posttest compared to the teacher’s ratings on the “Listening
Inventory.” The performance changes of students in each classroom with and without the use of
the group amplification system were also analyzed.
Conclusion
This study focused on the benefits and “challenges,” if any, of incorporating various
group amplification systems throughout language-based tasks, such as spelling accuracy.
Although various grade levels, such as preschool (Nelson et al., 2013, p. 239), have been
examined, this study will generate information specifically related to the first-grade population,
including some students on the Autism Spectrum. This study will also attempt to explain both the
benefits and “challenges” of utilizing these systems, as previous research has solely focused on
the systems’ academic benefits (Dockrell & Shield, 2012, p. 1164). This study aims to provide
teachers with new information to incorporate into their work with this sample population, as well
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as potentially aid manufacturers in the creation of new amplification products. As the number of
mainstreamed students diagnosed with Autism Spectrum Disorders continues to increase, it is
critically important to research this topic, as will be addressed in the literature review to follow
in Chapter II.
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CHAPTER II: LITERATURE REVIEW
The number of elementary-aged students on the Autism Spectrum who are being
mainstreamed in general education classrooms has continued to increase in recent years (National
Center for Education Statistics, 2016, p. 1). Up to 46% of children on the Autism Spectrum can
also present symptoms of Auditory Processing Disorders (APD) in the educational setting (Iliadou,
Bamiou, Kaprinis, Kandylis, & Kaprinis, 2009, p. 1029). Due to this changing environment in the
general education classroom -- appropriate accommodations, including amplification systems -are often imperative to academically assist and support this sample population. As the presence of
group and personal hearing assistive technologies increase throughout general education
classrooms, it is critical to review the different types of amplification systems, as well as their
benefit for a variety of sample populations. More specifically, by noting the benefit of group
amplification systems for elementary school-age students with Autism Spectrum Disorders (ASD),
classroom teachers can potentially implement new educational strategies with these students.
These above-noted justifications are only a sample of examples reflecting the importance
for researching the academic benefit of group amplification systems, particularly with students on
the Autism Spectrum. The purpose of this chapter is to present a review of the current literature
regarding amplification systems, as well as the benefits and/or the “challenges” of their use with
children on the Autism Spectrum. This chapter will present an overview of both personal and group
amplification systems in the classroom, as well as the use of amplification systems with students
with hearing impairment and those diagnosed with Autism Spectrum Disorders, who may present
additional symptoms of Auditory Processing Disorders.
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Personal Amplification Systems
Amplification systems vary in the number of individuals who may hear the increased
intensity of a particular signal. As such, the signal of a personal amplification system “is delivered
directly to the individual’s ear” (Deconde Johnson & Seaton, 2012, p. 302). These devices can be
coupled to a student’s hearing aid(s) or cochlear implant(s) through an audio shoe (boot) or with
separately purchased headphones or earbuds (Atcherson, Franklin, & Smith-Olinde, 2015, pp. 99100).
Benefits of Personal Amplification Systems
There are numerous benefits to utilizing this form of hearing assistive technology with
students. As the increased signal is directly sent to the student’s hearing aid(s), cochlear implant(s),
or headphones, the negative effects of ambient noise are reduced (Nelson, Poole, Muñoz, Nippold,
& Pratt, 2013, p. 240). In this way, the student can strictly focus on the signal presented, rather
than the distraction of background noise in the classroom. Blake and colleagues (as cited by Purdy,
Smart, Baily, & Sharma, 2009) found that personal amplification systems can also increase the
amount of on-task and engaged academic behavior in students without hearing loss (p. 844).
Finally, personal amplification systems are more mobile, and can be taken with the child to
different classrooms or therapy areas for the receipt of the improved signal being available in all
environments (Schafer, Mathews, Mehta, Hill, Munoz, Bishop, & Moloney, 2012, p. 33).
Challenges of Personal Amplification Systems
Personal amplification systems, however, can also present some challenges in the
elementary school classroom. Nelson and colleagues (2013) concluded that personal amplification
systems may be uncomfortable to wear or distracting for some preschool and other students. In
addition, these systems may experience technical difficulties, causing limited or no benefit to
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students as a result (pp. 244-245). While these technical difficulties can become a burden to the
student(s) and for the overall classroom environment, the benefits of amplification devices can
additionally be seen in the group setting, as will be further explained in the following section.
Group Amplification Systems
Group amplification systems “distribute the teacher’s voice equally throughout the
classroom so that every child has full access to what is being spoken” (Deconde Johnson & Seaton,
2012, p. 303). This form of hearing assistive technology can incorporate frequency modulated or
infrared waves; and a wearable or remote microphone (RM) can transmit the amplified signal to
speaker(s) placed throughout the classroom for all students to hear (Atcherson et al., 2015, p. 104).
Benefits of Group Amplification Systems
There are several benefits to incorporating this form of amplification in the elementary
school classroom. According to Flexer, Biley, Hinckley, Harkema, & Holcomb (as cited by
Dockrell & Shield, 2012), students are now able to clearly hear information being presented
throughout the school day, which will presumably increase their academic engagement in the
content material being presented (p. 1163). This greater level of attention and excitement regarding
academic activities will potentially help students stay focused while completing assignments.
The teacher will also experience less vocal strain by speaking at a normal volume into the
microphone, rather than continuously projecting one’s voice throughout the entirety of the school
day. Larsen and Blair (2008) investigated the impact of group amplification systems on the
improvement of the signal-to-noise ratio in fourth grade general education classrooms (pp. 454455). Four classrooms, each containing 24-26 students, were selected to participate in the study
(p. 454). Each teacher utilized an Audio Enhancement Ultimate 2000 dual-channel infrared system
throughout classroom instruction, while a time, energy, frequency system (TEF) was incorporated
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to gain measurements of noise and reverberation throughout the school day (p. 454). Larsen and
Blair found that across all four elementary school classrooms -- utilizing this form of hearing
assistive technology -- the teacher’s voice was 13.5 dB louder than the ambient classroom noise.
The use of a group amplification system positively affected not only students’ attention and the
overall classroom signal-to-noise ratio, but the teacher’s vocal health as well (p. 456).
Finally, group amplification systems can positively impact students’ learning and
subsequent understanding of literacy concepts presented throughout the school day. According to
Flexer (as cited by Barrett, 2011), having clear auditory input relating to the sound structure of a
language presents an improved opportunity for students to acquire reading and literacy concepts
(p. 30). Therefore, in Flexer’s opinion, the use of a group amplification system positively impacts
students’ knowledge of phonemic awareness in the classroom environment.
Challenges of Group Amplification Systems
On the other hand, group amplification systems may also present some challenges in the
general education classroom. As teachers are required to wear a microphone via a neck loop or
headset throughout the duration of the school day, they may experience some discomfort related
to the wearing of the device (Nelson et al., 2013, p. 243). Should this discomfort become too great
a bother to teachers, they may improperly wear the device, which may then not appropriately
amplify the voice, or teachers may simply refuse to utilize the system entirely. Most notably,
Nelson and her colleagues (2013) found that preschool teachers rated technical difficulties as the
most challenging feature of a group amplification system (p. 243). Much like personal
amplification systems, technical difficulties can result in the system being of limited or no benefit
to students, as well as a disruption to the classroom environment if they require frequent technical
support.
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Group Amplification Systems and Students with Hearing Impairment
Incorporating group amplification systems as a form of hearing assistive technology in the
elementary school classroom has historically been shown to be of benefit to students with hearing
impairment. This sample population often utilizes cochlear implant(s) or hearing aid(s).
Group Amplification Systems and Students with Cochlear Implants
The use of a group amplification system in the classroom may improve the overall signalto-noise ratio (SNR) of the space. Noise in the classroom may arise from external or internal
sources, making it difficult to clearly hear the teacher’s voice at all times (Crandell & Smaldino,
2000, p. 363). In a study conducted by Punch and Hyde (2010), researchers found that children
utilizing cochlear implants in mainstream elementary school classrooms were only able to follow
40% of the spoken classroom conversation due to the presence of competing noise. In the Punch
and Hyde study, a group amplification system may aid these students in clearly following and
comprehending spoken language in the classroom, as the amplified signal should be clearly audible
over the background noise intensity levels (p. 412).
Group amplification systems may also be of benefit to children utilizing cochlear implants
in the classroom due to improved phonemic recognition. Iglehart (2004) completed a research
study in order to determine the impact of both wall-mounted and desktop amplification systems in
an auditory/oral educational environment. A total of 14 children between the ages of 6 and 14
years old participated in the study, each utilizing bilateral cochlear implants due to their severe-toprofound hearing loss (p. 63). A total of 40 consonant-vowel-consonant (CVC) words were
randomly presented to participants via a female speaker utilizing the group amplification device,
with participants repeating each word after it was presented (pp. 64-65). Results were statistically
significant, indicating that the desktop amplification device was more beneficial to participants.
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Mean scores increased from 26.6% with no system use to 43.1% with the use of the desktop device,
as well as 26.6% with no system use to 37.8% with the use of the wall-mounted amplification
device (p. 66). While the desktop amplification system appeared to be more beneficial to this
sample population, Iglehart concluded that the use of either type of group amplification system in
the classroom would improve phonemic recognition for students utilizing cochlear implants.
Group Amplification Systems and Students with Hearing Aids
Group amplification systems may also prove to be of benefit to students utilizing hearing
aids if students are refusing to wear this form of hearing assistive technology entirely. For example,
Coniavitis-Gellerstedt (as cited by Rekkedal, 2015) concluded that 32% of his sample population
of elementary school students did not appropriately wear their hearing aids in the classroom due
to their perceived lack of benefit or absolute refusal (p. 19). In this case, a group amplification
system may aid these students in receiving some form of increased signal when their hearing aid(s)
are not in use.
A group amplification system may also be of benefit to this sample population’s overall
academic performance. In the same study, Punch and Hyde (2010) found that about 70% of their
elementary-aged participants with hearing aids fell below the average class score in academic
achievement, particularly for reading, writing, and mathematics (p. 417). With the use of a group
amplification system, these students may be able to receive additional benefit through the receipt
of an improved signal during instruction, leading to a greater focus and resulting in improved
academic performance (p. 418). This increase in focus and improved academic performance may
also be exhibited by students with Auditory Processing Disorders who utilize a group amplification
system in their classroom, as will be explained more fully in the sections that follow.
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Auditory Processing Disorders
Since up to 46% of children with Autism Spectrum Disorders may additionally present
with symptoms of Auditory Processing Disorders, it is important to recognize various features of
this syndrome (Iliadou, Bamiou, Kaprinis, Kandylis, & Kaprinis, 2009, p. 1029). Within this
section, the researcher will explore the demographics, etiologies, and common characteristics of
Auditory Processing Disorders, as well as the benefit of group amplification systems for this
sample population.
Demographics
It has been estimated that about 7% of the global population under age 10 years has been
diagnosed with Auditory Processing Disorders or APD (Bamiou, Musiek, & Luxon, 2001, p.
361). In order to determine a more precise prevalence of APD in the pediatric population, Nagao,
Reigner, Padilla, Greenwood, Loson, Zavala, & Morlet (2016) recently completed a research
study. A total of 243 children were referred for an APD evaluation and participated in the study
(para. 4). Results indicated that the prevalence of Auditory Processing Disorders for this sample
population was found to be 1.94 per 1,000 children. Children who attended private schools were
twice as likely to be diagnosed with APD as their peers enrolled in public schools (para. 6).
Nagao and colleagues concluded that these results appear to be below the prevalence data
regarding APD in the pediatric population, compared to past research, but continued to suggest a
strong need for children to be screened for the disorder once they enter the public educational
environment (para. 7).
Etiologies
Research has not identified a direct cause of APD in children, with a wide range of
possibilities having been suggested, such as cognitive, memory, or linguistic challenges, each

17

playing a role in the diagnosis of the disorder (Bamiou et al., 2001, p. 362). Auditory Processing
Disorders may co-occur with three major categories of disease -- including neurological
conditions, abnormal formation of the central nervous system, or additional developmental
disorders (p. 362). Neurologically, APD has been additionally present in rare cases of bacterial
meningitis or Lyme disease (pp. 362-363). Frequent ear infections at a young age can also place a
child at a greater risk for Auditory Processing Disorders later in childhood (Yalçinkaya, 2008, p.
102). Tumors of the central nervous system may occupy areas of the brain critical to audition,
simultaneously causing an Auditory Processing Disorder (Bamiou et al., 2001, p. 262).
Developmentally, factors such as prematurity, low birth weight, head trauma, or exposure to
carbon monoxide at a young age may also play a role in the etiology of an Auditory Processing
Disorder (Yalçinkaya, 2008, p. 102). Finally, APD may be combined with additional disabilities,
such as Attention Deficit Hyperactivity Disorder (ADHD), developmental dyslexia, or Autism
Spectrum Disorders (ASD), as will be further addressed in future sections.
Common Characteristics
Auditory Processing Disorders are often characterized by difficulty in sound localization,
processing of auditory information, speech perception and comprehension, and/or the
development of language. Typically, students’ peripheral hearing is within normal limits, but for
some, the signal is potentially being transmitted from the cochlea “improperly,” resulting in a
unique hearing difference. Simply put, a definition of Auditory Processing Disorders is -difficulty in “what the brain does with what the ear hears” (Deconde Johnson & Seaton, 2012,
pp. 198-199). This disorder may become noticeable in the early academic years, typically due to
the introduction of a new and oftentimes noisy acoustic environment in the classroom and an
increased emphasis on academic performance (Bamiou et al., 2001, p. 361).
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Students with APD may receive intervention services in a top-down, bottom-up, or soundbased format. Top-down services typically stress the importance of practicing verbal language
skills, while bottom-up approaches often focus on aspects of signal discrimination. Sound-based
interventions have utilized various styles of music to aid children with decreased sensory,
behavioral, emotional, or mental difficulties (Papagiannogoulu, 2015, p. 521). A combination of
these intervention options may potentially need to be incorporated with this sample population
(Sharma, Purdy, & Kelly, 2012, p. 507). Group amplification systems may also be a helpful
intervention tool to utilize with this sample population, as will be addressed in the following
section.
Benefits of Group Amplification Systems for Students with Auditory Processing Disorders
The following research studies address the use of group amplification systems for students
with Auditory Processing Disorders. Overall, researchers have found a positive relationship
utilizing group amplification systems with this sample population.
Johnston, John, Kreisman, Hall, and Crandell (2009) investigated the benefit of
amplification systems on students ages 8 to 15 years old with APD (pp. 372-373). A total of 10
children diagnosed with APD and 13 children whose hearing was within normal limits participated
in the study, with an amplification system utilized during lecture-based classroom activities (pp.
372-373). Academic performance was evaluated via the Screening Instrument for Targeting
Educational Risk (SIFTER) (Anderson, 1989, p. 1), while speech perception was measured
utilizing the Hearing In Noise Test (HINT) (Nilsson, Soli, & Sullivan, 1994, p. 1085), 5 months
after the amplification system had been implemented in the classroom (p. 374). While no statistical
significance was reported, Johnston and her colleagues concluded that the use of an amplification
system improved participants’ overall academic performance, speech perception, and functioning
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in social situations when compared with the control group whose hearing was within normal limits.
This improvement for participants with APD was additionally noted by their parents based on a
questionnaire, specifically probing their children’s improvement in both academic and social
situations (pp. 375-378).
Incorporating group amplification systems in classrooms may also benefit students with
APD through an increased focus during top-down or bottom-up intervention activities. Sharma
and colleagues (2012) compared student performance throughout intervention periods when
utilizing an amplification system as compared to no system use. Activities ranged from language
instruction, such as following directions, to auditory discrimination, such as phonological
awareness training (p. 511). These researchers found that implementing amplification systems
throughout the students’ intervention periods significantly improved participants’ scores on
language tasks. Although results were not statistically significant, both language instruction and
phonological awareness training improved when the amplification system was in use (p. 514).
Group amplification systems have been shown to be of benefit not only during the
intervention period, but throughout whole-group language instruction as well. Students with APD
may benefit from the use of a group amplification system in the classroom due to an increase in
speech perception and comprehension. These individuals will often experience difficulty in the
classroom due to its noisy environment. Through the use of a group amplification system, however,
students are often able to focus on the teacher’s voice, or the signal, over the classroom background
noise (Deconde Johnson & Seaton, 2012, p. 215).
Leung and McPherson (2006) designed a research study to compare the use of the group
amplification system “Phonic Ear” to a public- address system in presenting clear, understandable
speech in the presence of competing noise. Four elementary school classrooms were involved in
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the study, each containing students with APD (pp. 290-291). Speech intensity levels were
measured with the use of no amplification, the “Phonic Ear” group amplification system, and the
public-address system (p. 292). Results indicated that the average speech intensity of the publicaddress system was 4 dB lower than the “Phonic Ear” group amplification system (p. 294). Leung
and McPherson concluded that group amplification technology benefits students with Auditory
Processing Disorders through the presentation of a more clear, audible signal over background
classroom noise.
Group amplification systems may also prove to be of benefit to students with APD through
a potentially measurable increase in attentive behavior. Blake, Field, Foster, Platt, and Wertz
(1991) investigated the impact of amplification systems on the attentive behavior of elementary
school students during the teaching of reading, science, math, and spelling subjects (p. 112). They
found that students significantly improved on four specific attentive behaviors, including eye
contact, body positioning, lack of movement, and lack of background conversation when the
amplification system was in use during these subject areas. Results indicated that an increase in
eye contact was found to be the most significant improvement (Blake et al., 1991, p. 113). Utilizing
a group amplification system in the classroom may benefit students with APD as they are able to
acutely attend to the verbal instruction presented. Students with Autism Spectrum Disorders may
also benefit from the use of a group amplification system in the classroom, as will be explained in
the sections that follow.
Autism Spectrum Disorders (ASD)
In order to better understand a portion of the sample population of this study, it is critical
to recognize various features of Autism Spectrum Disorders (ASD). In this section, the researcher
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will describe the demographics, etiologies, and common characteristics of persons with Autism
Spectrum Disorders.
Demographics
It has been estimated that about 1% of the global population has been diagnosed with
Autism Spectrum Disorders or ASD (Christensen, Baio, & Van Naarden Braun, 2016, p. 1).
Specifically, in the United States, prevalence is 1 in 68 births or 1.5% in children ages 8 years or
younger (p. 1). ASD is 3-4 times more likely to impact the lives of males rather than females,
and its effects continue to last throughout a person’s life (National Institute on Deafness and
other Communication Disorders, 2016, p. 1).
Etiologies
Research has not identified a direct cause(s) for ASD in children, with a combination of
genetic and environmental factors both apparently playing a potential role (Christensen, Baio, &
Van Naarden Braun, 2016, p. 3). Strong evidence supports the etiology of family history on
ASD. This evidence indicates that having a sibling or twin with an Autism Spectrum Disorder
will increase the likelihood that the child will also have ASD (p. 3). The older age of a mother or
father, as well as single gene disorders, such as Fragile X Syndrome, may also play some
potential roles in causation of Autism Spectrum Disorders (p. 3). Suspected evidence also
supports the idea of family history of immune-associated conditions, such as thyroid disease,
being a possible etiology for an Autism Spectrum Disorder in a child. Lastly, genetic mutations
or complications during pregnancy are potential factors in the etiology of ASD (p. 3). The
Centers for Disease Control and Prevention is currently developing the “Study to Explore Early
Development” in order to better understand these factors, as well as many others, that may play a
role in the etiology of Autism Spectrum Disorders in the pediatric population. The CDC study
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will include both genetic and environmental factors with a large sample population (p. 3).
Specifically, the CDC study was in response to an increase in parental concern about the
possibility of an Autism Spectrum Disorder following vaccination (Rao & Andrade, 2011, p. 95).
A detailed account of this study is beyond the scope of this chapter. For more information, please
visit https://www.cdc.gov/ncbddd/autism/seed.html.
Common Characteristics
According to the American Psychiatric Association (2016), an Autism Spectrum Disorder
(ASD) is “a complex developmental disorder that can cause problems with thinking, feeling,
language, and the ability to relate to others” (p. 1). ASD is commonly referred to as a
“spectrum,” meaning that the disorder may affect each patient differently while ranging from
mild to severe (Christensen, Baio, & Van Naarden Braun, 2016, p. 1).
There are three characteristics that clearly define an individual with ASD, commonly
referred to as the “triad” of symptoms (Ennis-Cole, 2015, p. 6). Each characteristic is also
outlined in the Diagnostic and Statistical Manual of Mental Disorders (DSM) 5 (see Appendix
A).
Symptoms may first include difficulty with various social skills. Socially, those with
ASD may experience difficulty maintaining eye contact with a speaker or taking turns with a
conversational partner (Ennis-Cole, 2015, p. 6). Receptive and expressive language may also be
affected in a patient with Autism Spectrum Disorders, especially through a lack of creative play
or understanding information across multiple contexts (p. 6). Behavior may be a challenging
feature of patients with Autism Spectrum Disorder. Interestingly, “stereotypical” behavior, such
as following a schedule or routine, may actually be beneficial in helping patients with ASD stay
on track both academically and within and in the larger world. Repetitive behaviors, such as
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squeals or hand movements (“flailing” or “flapping”), may also be frequently observed (p. 11).
Lastly, those with Autism Spectrum Disorders may present difficulties in reaction to a particular
sensory environment (Alcantara, Weisblatt, Moore, & Bolton, 2004, p. 1107). This difficulty
may include hyperacusis, or an increased sensitivity to auditory stimulation, as well as
challenges in detecting and comprehending speech in the presence of background noise (p.
1107). Classrooms with a poor signal-to-noise ratio (SNR) may be improved for students with
Autism Spectrum Disorders through the use of a group amplification system, as will be further
explained in future sections.
Group Amplification Systems and Students with Autism Spectrum Disorders
Children with Autism Spectrum Disorders may also utilize group amplification systems
in the general education classroom. In order to understand the use of this hearing assistive
technology with this portion of the sample population, some background information regarding
this population and hearing assistive technology is considered necessary.
Auditory Processing Strengths in Children with Autism Spectrum Disorders
Auditory processing in children with Autism Spectrum Disorders may be enhanced
through an increase in comprehension of auditory stimuli or overall pitch perception. Due to
these abilities, strengths in auditory processing for this sample population will be broken down
into speech and musical environments (Remington & Fairnie, 2017, p. 460).
Auditory processing strengths related to speech perception.
In a conversational environment, children with ASD may present an increased
understanding of auditory content presented (p. 462). Remington and Fairnie (2017) completed a
research investigation in order to understand the auditory comprehension patterns of children
with Autism Spectrum Disorders. These researchers had both typically-developing and
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participants with ASD listen to a scene between four characters wrapping presents and preparing
food for a party. After a short period of time, an additional character entered the auditory
environment, continuously repeating the phrase, “I’m a gorilla,” for 19 seconds (p. 462). Results
indicated that 47% of participants on the Autism Spectrum noticed this “gorilla” character in the
background of the scene, while only 12% of typically-developing participants were aware of this
character, demonstrating a significant difference between groups. All participants, however,
correctly answered content questions that followed this listening environment (p. 462).
Remington and Fairnie concluded that although participants with ASD largely acknowledged
this outside auditory stimulus, they were accurately able to attend to the central component of the
conversation, suggesting a strong understanding of overall auditory content (pp. 462-463).
Auditory strengths related to music perception.
The following studies have examined music perception abilities in patients with Autism
Spectrum Disorders. These researchers have observed a significant increase in pitch perception
and sensitivity in patients with ASD compared to their typically developing peers.
Quintin, Bhatara, Poissant, Fombonne, and Levitin (2013) designed a research study in
order to examine the processing of musical sequences in children with ASD. Typically
developing and participants with ASD were observed while utilizing the MusicBlocksTM toy for
this experiment, with five corresponding cubes each playing their own melody. Each participant
was instructed to listen to the musical sequence played by the MusicBlocksTM base, and then
insert the corresponding sound cubes into the base in the correct sequence to create the same
melody (p. 257). Scores were tallied based on the number of cubes inserted into the correct
location on the base (pp. 257-258). Results indicated that there were no significant differences
between the two groups of subjects on this musical puzzle task. However, Quintin and his
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colleagues found that there was an increase in perceptual functioning and memory related to the
auditory domain in patients with ASD (p. 260).
Children with ASD may present additional auditory processing strengths through
improved pitch sensitivity in musical settings. Bonnel, Mottron, Peretz, Trudel, Gallun, and
Bonnel (2003) designed a research study to examine the ability of children with Autism
Spectrum Disorders to detect a change in pitch during a melody. Researchers asked typicallydeveloping students and students with ASD to listen to a set of two tones and to then describe if
the tones were the same or different after listening to each for several seconds. Participants were
also asked if the second tone was “higher” or “lower” than the first (p. 227). Results were not
significant, but indicated that participants with Autism Spectrum Disorders were better able to
discriminate the pure-tones as similar or different than their typically-developing peers.
Participants with ASD were also better able to distinguish the second tone as “higher” or “lower”
than the first, compared to the typically-developing group (pp. 228-229). From these results,
Bonnel and colleagues concluded that pitch discrimination in music is an “absolute peak” (p.
231), or large strength in patients with Autism Spectrum Disorders.
Children with Autism Spectrum Disorders may also present a strength in auditory
processing through the ability to segment a melody into individual chords. Heaton (2003)
designed a research study to investigate the ability of children with ASD to “disembed,” or
distinguish, an individual chord from a melody (p. 543). A total of 14 participants with ASD
were first familiarized with four different, individual animal tones. They then listened to a group
of three tones at once, and were asked to distinguish which animal tone was missing (p. 546).
Results indicated that children with Autism Spectrum Disorders performed significantly better
on this listening identification task than their typically-developing peers utilized as a control
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group (pp. 546-547). From these data, Heaton concluded that some children with ASD appear to
have improved musical abilities in analyzing a melody and distinguishing an individual note
from a group.
From the above studies, it is clear that patients with Autism Spectrum Disorders
demonstrate several strengths in the area of music perception. Researchers have specifically
noted an increase in pitch perception and sensitivity when compared to control subjects, which
included typically-developing peers.
Auditory Processing Challenges in Children with Autism Spectrum Disorders
Auditory processing in children with Autism Spectrum Disorders may also be hindered
by abnormal reactions to a particular sensory environment. As such, challenges in auditory
processing for this sample population are broken down into behavioral and neurophysiological
components (O’Conner, 2012, p. 837).
Auditory processing challenges related to behavior.
Behaviorally, children with ASD may present difficulties in perceiving differences in
pitch (p. 838). Heaton and colleagues (as cited by O’Connor, 2012), completed a research study
in order to examine the processing of pitch in children with Autism Spectrum Disorders. These
researchers had study participants match pure-tone or speech stimuli to pictures of various
animals. Results were not significant, but Heaton and colleagues found that participants with
Autism Spectrum Disorders were highly accurate on the identification of pure-tone sounds, and
struggled with the identification of speech stimuli. These researchers concluded that children
with ASD may present difficulties with speech perception (p. 838).
Children with Autism Spectrum Disorders may also present behavioral challenges
through the abnormal processing of auditory information while in the presence of background

27

noise. Groen, Van Orsouw, Ter Huurne, Swinkels, Van Der Gaag, Buitelaar, and Zwiers (2009)
investigated speech recognition scores in children with ASD while in the presence of competing
“pink” or “ripple” noise (p. 744). Groen and his colleagues concluded that a “dip” or decrease in
background noise inversely corresponded with an increase in speech recognition scores, with no
significant differences resulting. These findings suggested that children with ASD may struggle
with speech recognition in a noisy environment (p. 746).
Lastly, children with Autism Spectrum Disorders may present behavioral difficulties
through abnormal functioning in the classroom or home environments. Fernández-Andrés,
Pastor-Cerezuela, Sanz-Cervera, and Tárraga-Mĩnguez (2015) conducted a research study
utilizing the Sensory Processing Measure (SPM) (Miller-Kuhaneck, Henry, Glennon, & Mu,
2007, p. 170) in order to identify the main challenges participants with ASD faced in the
educational or home settings (p. 206). A total of 79 children between the ages of 5 and 8 years
participated in the study, with parents filling out responses to the SPM (p. 204). These
researchers found that parental reports on the SPM indicated their child’s difficulty with sensory
systems, social participation, planning, and generating original ideas. Most notably, FernándezAndrés and colleagues found that the highest percentage of difficulty for this sample population
was in hearing and following subsequent directions, with 63.4% of participants struggling in this
sensory domain (p. 207). From these statistically significant results, researchers concluded that
verbal instruction or unpredictable noises in the classroom or home environments were more
difficult for children with Autism Spectrum Disorders to follow and comprehend (p. 210).
Auditory processing challenges related to neurophysiological components.
Children with Autism Spectrum Disorders may also present neurophysiological
differences that impact their auditory processing. The auditory cortex of the brain is comprised
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of both primary and secondary regions. The primary region of the auditory cortex is responsible
for processing pure-tone sounds. The secondary regions are believed to be accountable for
processing more complex auditory stimuli and are thought to be physically larger on the left side
of the brain in a child who is typically developing (O’Connor, 2012, p. 841). MRI research
conducted by Shapleske and colleagues (as cited by O’Connor, 2012) supported this claim, and
has shown that secondary regions on the left side of the brain in patients with Autism Spectrum
Disorders were smaller in size when compared with their typically developing peers (p. 841).
Based on these results, Shapleske and colleagues concluded that this smaller secondary region in
the auditory cortex may account for the difficulties in speech perception and recognition many
patients with ASD face (p. 841).
Patients with ASD may also have decreased activity in Broadmann’s Area 22, a portion
of the brain critical for speech processing and subsequent understanding (Papagiannopoulou,
2015, p. 518). Boddaert, Belin, Chabane, Poline, Barthélémy, Mouren-Simeoni, Brunelle,
Samson, and Zilbovicius (2003) conducted a research study in order to compare cerebral blood
flow in patients with Autism Spectrum Disorders while listening to speech-like sounds and at
rest (p. 2057). Five patients were tested utilizing Positron Emission Tomography (PET)
throughout three different testing conditions. The first condition simply measured cerebral blood
flow during a period of rest, while the remaining two conditions presented speech-like auditory
stimuli (p. 2059). Statistically significant results indicated that less cerebral activation was
observed in Broadmann’s Area 22 – the inferior temporal gyrus – during the conditions when
speech-like stimuli were presented (p. 2060). These researchers concluded that this decreased
activation may account for difficulties in auditory processing common to many patients with
ASD (p. 2060). Based on these findings, the challenges of auditory processing for patients with
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ASD may be improved through the use of a group amplification system in the classroom, as will
be addressed in the following section.
Auditory Processing Challenges Ameliorated by Group Amplification Systems
The following research studies address the use of a group amplification system with
students diagnosed with Autism Spectrum Disorders, similar to this study. Overall, several
research studies have found a positive relationship between the use of this hearing assistive
technology with this sample population. These results show the promising application of this
research in the mainstream classroom.
Rance, Saunders, Carew, Johansson, and Tan (2014) investigated the impact of
amplification systems on listening abilities of students with ASD from ages 8 to 15 years (p.
353). Speech perception was measured by utilizing the Consonant-Nucleus-Consonant Word
Test (Lehiste & Peterson, 1959, p. 280), which primarily focuses on three letter words. Daily
listening skills were measured through a “take home trial period” (p. 354), in which students
utilized the system in their classroom for 2 weeks, followed by a 2-week period of no system use
(p. 354). During these time periods, classroom teachers were asked to record their thoughts and
observations regarding study participants’ listening skills. Results in speech perception showed
that study participants’ scores significantly improved when the group amplification systems were
in use (p. 355). Furthermore, teacher evaluations of study participants following their 2-week
trial period (with amplification) included positive comments, specifically reflected in
observations noting increased listening comprehension, improved classroom behavior, and
overall attention benefits (p. 355). These researchers concluded that the use of such amplification
systems may prove to be beneficial to this sample population in the general education classroom.
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Group amplification systems may aid students with Autism Spectrum Disorders through
an increase in speech recognition abilities while in the presence of background noise in the
general education classroom. For example, Schafer and colleagues (2016) investigated the
benefit of remote-microphone (RM) technology for students with ASD ages 6 to 17 years in
mainstream classrooms. Speech in noise measures were evaluated using the Bamford-KowalBench Speech in Noise Test (Bench, Kowal, & Bamford, 1979, p. 108), in which participants
listened and repeated back sentences while varying levels of background noise were also present
(p. 7). Listening comprehension was evaluated utilizing the Ross Information Processing
Assessment (RIPA) (Ross-Swain, 1996, p. 1) in which participants were asked to recall auditory
information recently presented and answer a variety of grade-level mathematics and literacy
questions (p. 7). Results indicated that participants’ scores on both the speech in noise and RIPA
measures were significantly different. Most notably, these scores significantly improved when
the RM system was in use throughout the general education classroom, with participants noting
improvements in following verbal instruction when no visual cues were present, hearing in the
presence of background noise, and hearing in large group situations (p. 11). The researchers
concluded that this sample population can gain substantial benefit from utilizing this form of
hearing assistive technology in the classroom (p. 15).
Utilizing a group amplification system may additionally help students on the Autism
Spectrum effectively process information presented throughout the school day. Wiley,
Gustafson, and Rozniak (2014) designed a qualitative research study to examine the various
needs of parents who had children ages 3-4 years, both on the Autism Spectrum and who were
deaf or hard of hearing (p. 40). Severity of hearing loss ranged from mild unilateral to profound
bilateral, with the severity of Autism Spectrum Disorders also differing between each child (pp.
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42-43). Wiley and colleagues asked families “focus group questions” to determine assorted
parental needs (p. 42). One family’s results emphasized the positive use of an amplification
device in their child’s classroom. This family stated that their child became distressed very easily
if the amplification system was not in use, and that it specifically aided their child in processing
verbal information presented in the classroom environment (pp. 45-46). From the overall results,
Wiley and her colleagues concluded that amplification devices may be a helpful tool in aiding
this sample population, as well as their parents, in providing helpful classroom and life
instruction.
Group amplification systems may also increase productive communication and social
interaction for students with ASD in the classroom. Rance, Chisari, Saunders, and Rault (2017)
conducted a research study to examine the benefit of Phonak Roger© devices for students ages 6
to 12 years with ASD (p. 2012). Rance and colleagues first had participants fill out the
Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox & Alexander, 1995, p. 176) to gauge
the amount of listening difficulty participants encountered in their current educational
environment (p. 2013). Pure-tone audiometric testing was then completed as a baseline measure
in order to determine participants’ current threshold levels (pp. 2012-2013). Throughout the
duration of this study, participants utilized the Phonak Roger© device for a trial period of 1-2
weeks for 4-6 hours per day. During this time, participants were administered the ConsonantNucleus-Consonant (CNC) Word Test, as well as incorporating the device into the participants’
educational and home settings (p. 2013). Following this trial period, participants filled out the
APHAB once more, with parents filling out the Child Behavior Checklist (Achenbach, 2001, p.
1) as a corresponding measure (p. 2013).
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Results from the initial APHAB data participants rated day-to-day situations as the worst
listening scenario presented, followed by results rising to the normal range for home and
educational environments, following the 1-2 week trial period (Rance, Chisari, Saunders, &
Rault, 2017, p. 2016). Additionally, pre- and post-test parent checklists indicated a significant
decrease in their child’s social anxiety when the Roger© system was in use (pp. 2016-2017).
From these data, Rance and colleagues concluded that group amplification systems, specifically
the Phonak Roger© device, may decrease social tension and improve listening comprehension
for students with Autism Spectrum Disorders (p. 2018).
Finally, group amplification systems may decrease stress levels throughout both
individualized and group instruction for students with ASD. In a second part to the research
study introduced above, Rance and colleagues (2017) also examined cortisol levels in students
with ASD, ages 13 to 14 years, to note their physiologic stress levels while group amplification
systems were in use (p. 2010). Participants first completed audiometric testing in a quiet
classroom environment with minimal background noise. The following two scenarios each
presented a small activity for participants, with questions posed throughout its completion to
maintain attention (p. 2015). In one of these scenarios, the speaker’s voice was unamplified,
while the next scenario utilized the Phonak Digimaster 5000© amplification system (p. 2015). A
minor amount of ambient noise at <50 SPL was additionally present during this time in order to
mimic background noise in a typical classroom environment. Saliva samples were collected five
minutes before and 25 minutes after the beginning of each activity period, and were kept at room
temperature for five days before undergoing testing for cortisol (p. 2014). Results indicated no
significant increase in cortisol concentration throughout the session without an amplification
system; however, a significant decrease in cortisol concentration was shown over the course of
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the amplified session (p. 2018). Rance and colleagues therefore concluded that the use of a group
amplification system may decrease listening stresses in the educational environment experienced
by students with Autism Spectrum Disorders (pp. 2018-2019).
From the above studies, it is clear that the use of group amplification systems in the
general education classroom can have many positive impacts on students with Autism Spectrum
Disorders. Specifically, findings have noted an increase in attentive behavior, improved listening
comprehension, and enhanced listening in the presence of background noise, for these students.
Conclusion
The number of students with Autism Spectrum Disorders who are being mainstreamed in
general education classrooms has continued to increase in recent years. As such, it is imperative
to understand and implement appropriate, reasonable accommodations, including amplification
systems, to support this sample population in the mainstream classroom. To this end, this chapter
has presented a review of the current literature regarding amplification systems, as well as the
benefits and “challenges” of their use with students, including those who have ASD.
Specifically, this chapter has presented an overview of both personal and group amplification
systems, the use of this hearing assistive technology with students who have hearing impairment,
as well as the use of this technology with students on the Autism Spectrum who may present
additional symptoms, specifically, Auditory Processing Disorders. The following chapter will
review the methods designed to address the benefits and/or challenges of utilizing group
amplification systems with first-grade students throughout academic, language-based tasks.
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CHAPTER III: METHOD
In order to examine the academic benefits and/or challenges of group amplification
systems during language-based tasks, this study employed a quantitative approach to research
and was completed in a two-part procedure. Lead teachers’ listening ratings and students’
performance on spelling tests were measured while staying in line/following with the already
established or current school curriculum in two first-grade classrooms in a local elementary
school. This chapter will outline the method by which this study was completed, including an
explanation regarding the use of experimental research. Additionally, information concerning the
study participants and materials incorporated throughout the study will be discussed, as well as a
detailed description of the study’s procedures.
Justification of Method
Experimental research was selected by the researcher because, according to Fisher
(1962), “experimental observations are…designed to form a secure basis of new knowledge” (p.
8). Through both the quantitative results and qualitative observations of this study, first-grade
teachers may learn more about amplification strategies to implement with students for future
spelling testing experiences. As there has also been little to no research conducted regarding the
benefits and/or challenges of group amplification systems in the first-grade classroom,
experimental research regarding this topic was deemed the most efficient method to introduce
new information and experiences regarding this research topic.
Additionally, “it is possible to draw valid inferences from the results of
experimentation…from observations to hypotheses” (p. 3). Based on the results of this study, the
researcher translated the collected numerical data into practical application strategies for lead
teachers in first-grade classrooms to consider in order to incorporate the use of group
amplification systems.

35

Lastly, through experimental research, the researcher, “can schedule treatments and
measurements for optimal statistical efficiency” (Campbell & Stanley, 2015, p. 1). In this way,
the researcher has access to treatment groups when they are most available. Specifically, for this
study, the researcher scheduled the pretest procedure on the first day of data collection, prior to
the implementation of a group amplification system in one of the classrooms. Following this
pretest procedure, two days of spelling intervention activities, which included the use of a group
amplification system in one classroom, provided students with the opportunity for auditory
reinforcement prior to the spelling posttest on the final day of data collection. This scheduling
ensured that students in each classroom received the same data collection procedures daily,
excluding the use of a group amplification system in one classroom for intervention and posttest
measures.
Participants
Participants included lead teachers and students in two first-grade classrooms at an area
elementary school in rural Ohio, incorporating some students diagnosed with Autism Spectrum
Disorders. Prior to the beginning of data collection, the researcher asked each teacher regarding
the number of students on an Individualized Education Plan (IEP) in his/her classroom. Of these
students on an IEP, the researcher then asked for the number of students diagnosed with an
Autism Spectrum Disorder. No additional personal information about these students was
disclosed however, such as any student’s name, sex, or age, preventing the linkage of an IEP to a
specific student. A total of 34 students completed this study, with 17 students in Classroom A
and 17 students in Classroom B.
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Instruments
The first part of this research study was completed utilizing a researcher-designed
“Listening Inventory” (see Appendix B). This screening instrument was composed of six
questions and was adapted from items in the Children’s Auditory Performance Scale (CHAPS)
(Smoski, Brunt, & Tannahill, 1998, p. 1), Listening Inventory for Education (LIFE) (Anderson &
Smaldino, 1998, p. 1), Classroom Listening Scale (Barrett, Huisingh, Zachman, Blagden, &
Orman, 1992, p. 1), and LittlEARs (Kuhn-Inaker, Welchbold, Tsiakpini, Connix, & D’Haese,
2003, p. 1). Utilizing a limited three-point scale, each lead teacher rated individual student’s
routine listening or “perception” abilities on a scale from 1 (Rarely) to 3 (Often). The second part
of this research study was completed using a spelling list adapted from the current curriculum, as
well as researcher-designed lesson plans detailing two days of spelling intervention (see
Appendices C and D). The spelling list was composed of 10 words tailored to the lead teachers’
standard curriculum. Each lesson plan also outlined the daily content to be addressed, as well as
provided a detailed description of the lesson procedure. Materials for the first lesson included an
Epson projector, “Spelling Word Tongue Twister” worksheets, and practice spelling test forms.
Materials for the second lesson included Bingo game cards, assorted Bingo game markers, and
practice spelling test forms. The group amplification system utilized in Classroom A throughout
the intervention and posttest procedures was a LightSpeed Redcat system.
Procedures
Prior to the start of data collection, The College of Wooster’s Human Subjects Research
Committee approved this study on November 2, 2017 (see Appendix E). Approval was also
granted from the specific school district superintendent on November 12, 2017 (see Appendix F).
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The individual school principal lastly approved this study on November 19, 2017 (see Appendix
G).
Following the receipt of the above-noted approvals, teachers in two first-grade
classrooms were first asked to complete the researcher-designed “Listening Inventory” for each
student. As teachers are constantly busy with classroom teaching tasks and grading assignments,
among other responsibilities, this inventory was designed to be brief. At the time of the final day
of data collection, prior to the administration of the posttest measure, each lead teacher was also
asked to revise any inventory responses, should they have observed any notable change in
student behavior throughout the experimental procedures.
The next methodological step of this study was the implementation of the four-day
experimental procedures. Throughout these procedures, data were first collected in Classroom A,
and were then collected in Classroom B due to each classroom’s academic schedule.
The first step was the administration of a pretest to the class members of each classroom,
consisting of 10 grade-level spelling words, without the use of an amplification device in either
classroom. This list of spelling terms was dictated by the teachers’ standard curriculum. Each
word was stated once alone, once in a sentence, and once alone.
Following this pretest completion, two days of spelling intervention were provided for
20-30 minutes each day. During these intervention periods, Classroom A incorporated the use of
a group amplification device, while Classroom B completed intervention with no amplification
as a control measure.
On the first day of spelling intervention, students completed a “Spelling Word Tongue
Twister” worksheet. Students were encouraged to write silly rhyming sentences while
incorporating a chosen spelling word into their written work. This primary day of intervention

38

concluded with a practice test of five randomly selected spelling words. Each word was stated
once alone, once in a sentence, and once alone.
The second day of spelling intervention had students participate in “Spelling Word
Bingo.” Various spelling words were stated aloud by the researcher, with students placing
various sizes and colors of Bingo markers on their game board. If a student completed a Bingo
row/card, they were requested to verbally spell each word in their line(s). This second day of
intervention concluded with a practice spelling test of the remaining five spelling words. Each
word was stated once alone, once in a sentence, and once alone.
Three days following the spelling pretest, each student completed a posttest of the same
10 spelling words. Throughout this testing procedure, Classroom A incorporated the use of a
group amplification system, while Classroom B completed testing without amplification as a
control measure. This list of spelling terms was scheduled for testing during this specific week as
a part of each lead teacher’s standard curriculum. Each word was stated once alone, once in a
sentence, and once alone.
Results from the pre- and post-test spelling measures were analyzed to compare students’
scores from the pre- to post-test measures, with special interest regarding the scores of those
potential students with Autism Spectrum Disorders. Students’ scores were also compared with
attention to the teachers’ ratings on the Listening Inventory. Of particular interest was if students
who scored in the low range on the inventory received higher spelling scores with the use of an
amplification device. This topic will be further discussed in Chapter IV, which will report the
results of this research study.
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CHAPTER IV: RESULTS AND DISCUSSION
The purpose of this study was to determine the academic benefits and challenges, if any,
of incorporating a group amplification system throughout language-based tasks. These tasks
specifically included spelling accuracy for first-grade students, including several students who
had the diagnosis of Autism Spectrum Disorders. This chapter will first provide an analysis of
the data collected throughout this study’s experimental procedures, followed by a discussion of
these results.
Demographics
A total of 34 first-grade students participated in the study, with 17 students in Classroom
A and 17 students in Classroom B. Of these 34 participants, 33 students completed all parts of
the study, including pre- and posttest measures, as well as intervention activities, resulting in a
97% participation rate. One student from Classroom B did not complete all parts of the data
collection procedures; therefore, this student’s scores were completely eliminated from the data
results and analyses to follow.
Gender and Age
In Classroom A, there was a total of eight females (47.1%) and nine males (52.9%).
Students in this classroom ranged in age from 6-7 years, with nine six-year-old students (52.9%)
and eight seven-year-old students (47.1%). In Classroom B, there was a total of eight females
(50%) and eight males (50%). Students in this classroom ranged in age from 6-7 years, with
seven six-year-old students (43.8%) and nine seven-year-old students (56.3%).
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Individualized Education Plan (IEP)
In each classroom, lead teachers were asked to identify the number of students who were
on an Individualized Education Plan (IEP). Of these students on IEPs, the teachers also identified
the number of students diagnosed with an Autism Spectrum Disorder. No further personal
information about these students was disclosed, such as their name, sex, or age. In Classroom A,
one student was on an IEP (5.9%). This student was reportedly diagnosed with an Autism
Spectrum Disorder. In Classroom B, three students were on an IEP (18.8%). Of these three
students, one was reportedly diagnosed with an Autism Spectrum Disorder or 33.3% of the
students on an IEP; and reflected 6.3% of the students in the classroom.
Listening Inventory
Prior to the beginning of this research study, the lead teachers in Classroom A and
Classroom B were each asked to complete a “Listening Inventory” for each student in their
classroom (again, see Appendix B). This instrument was designed to rate students’ listening or
“perception” abilities in the classroom during specific tasks. Responses were collected on a
limited scale from 1 (Rarely) to 3 (Always). Overall, the mean Listening Inventory score for the
17 students in Classroom A was 2.60, while the mean Listening Inventory score for the 16
students in Classroom B was 2.53. Lead teachers’ ratings for individual students in both
Classroom A and Classroom B are presented in Tables 1 and 2, respectively.
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Table 1
Listening Inventory Ratings for Classroom A: Individual Students
Student
# Code
Q1
Q2
Q3
Q4
Q5
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Overall
Mean:

3
3
3
3
2
3
3
3
3
3
3
3
3
3
2
3
2

Ratings: 1 = Rarely
2 = Neutral
3 = Always

3
3
2
3
1
3
3
3
3
2
3
3
3
2
2
3
2

2
3
1
2
1
3
2
2
2
2
3
3
3
2
2
2
2

3
3
2
3
1
3
3
3
3
3
3
3
3
2
2
3
2

3
3
3
3
2
3
3
3
3
3
3
3
3
2
2
3
2

Q6

Mean

SD

3
3
2
3
1
3
3
3
3
2
3
3
3
2
2
3
2

2.83
3
2.17
2.83
1.33
3
2.83
2.83
2.83
2.5
3
3
3
2.17
2
2.83
2
2.60

0.41
0
0.75
0.41
0.52
0
0.41
0.41
0.41
0.55
0
0
0
0.41
0
0.41
0
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Table 2
Listening Inventory Ratings for Classroom B: Individual Students
Student
# Code
Q1
Q2
Q3
Q4
Q5
19
20
21
22
23
24
25
26
27
28
29
30
32
33
34
35
Overall
Mean:

2
2
3
3
3
3
3
3
3
3
3
3
3
3
2
3

1
1
3
3
2
3
3
3
3
3
3
3
3
2
1
3

1
2
3
3
2
3
3
3
3
3
3
3
2
2
1
3

1
1
3
3
3
3
3
3
3
3
3
3
2
2
1
3

Q6

Mean

SD

1
1
3
3
2
3
3
3
2
3
3
3
2
2
1
3

1.17
1.5
3
3
2.5
3
3
3
2.67
3
3
3
2.33
2.17
1.17
3
2.53

0.41
0.55
0
0
0.55
0
0
0
0.52
0
0
0
0.52
0.41
0.41
0

1
2
3
3
3
3
3
3
2
3
3
3
2
2
1
3

Ratings: 1 = Rarely
2 = Neural
3 = Always
Based on these individual ratings, students’ results were then categorized based on a
range from low to high scores. The results of the Listening Inventory ranges for students in each
classroom are presented in Tables 3 and 4, respectively.
Table 3
Listening Inventory Rating Ranges for Classroom A: Student Groups
Range
Frequency (in %)
Low (1.00-1.66)
5.9
Mid (1.67-2.33)
23.5
High (2.34-3.00)
70.6

n
1
4
12
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Table 4
Listening Inventory Rating Ranges for Classroom B: Student Groups
Range
Frequency (in %)
Low (1.00-1.66)
18.8
Mid (1.67-2.33)
12.5
High (2.34-3.00)
68.8

n
3
2
11

Spelling Pre- and Posttest Measures
Each student completed a spelling pretest of 10 grade-level words, following the
teachers’ standard curriculum. Neither classroom incorporated a group amplification device
during the spelling pretest procedure. Following two days of spelling intervention activities,
students were again tested on the same 10 grade-level spelling words. Classroom A, however,
incorporated the use of a group amplification system during the intervention activities and the
posttest procedure, while Classroom B did not, as a control measure. Overall, the mean pretest
score in Classroom A was 7.00, while the mean posttest score was 8.76. The mean pretest score
in Classroom B was 9.06, while the mean posttest score was 9.44. The mean change score for
Classroom A was +1.76, while the mean change score for Classroom B was +0.44. The results of
the spelling pre- and posttest results for individual students in Classroom A and Classroom B, as
well as individual students’ corresponding Listening Inventory range, are presented in Tables 5
and 6, respectively.
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Table 5
Spelling Pre- and Posttest Results for Classroom A
Student # Code
Pretest Score
Posttest Score
2
6
9
3
10
10
4
1
6
5
5
8
6
3
10
7
10
10
8
9
10
9
10
10
10
9
10
11
8
9
12
10
10
13
10
10
14
10
10
15
0
7
16
1
1
17
10
10
18
7
9
Overall
7.00
8.76
Mean:

Change
+3
0
+5
+3
+7
0
+1
0
+1
+1
0
0
0
+7
0
0
+2
+1.76

SD
2.12
0
3.54
2.12
4.95
0
0.71
0
0.71
0.71
0
0
0
4.95
0
0
1.41

Listening Inventory (LI) Ranges: L = Low (Mean LI score of 1.00-1.66)
M = Mid (Mean LI score of 1.67-2.33)
H= High (Mean LI score of 2.34-3.00)

LI Range
H
H
M
H
L
H
H
H
H
H
H
H
H
M
M
H
M
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Table 6
Spelling Pre- and Posttest Results for Classroom B
Student # Code
Pretest Score
Posttest Score
19
8
9
20
5
7
21
9
10
22
10
10
23
9
10
24
10
10
25
10
10
26
9
9
27
10
10
28
10
10
29
10
10
30
10
9
32
10
10
33
9
10
34
5
7
35
10
10
Overall
9.06
9.44
Mean:

Change
+1
+2
+1
0
+1
0
0
0
0
0
0
-1
0
+1
+2
0
+0.44

SD
0.71
1.41
1.41
0
1.41
0
0
0
0
0
0
0.71
0
0.71
1.41
0

LI Range
L
L
H
H
H
H
H
H
H
H
H
H
M
M
L
H

Listening Inventory (LI) Ranges: L = Low (Mean LI score of 1.00-1.66)
M = Mid (Mean LI score of 1.67-2.33)
H= High (Mean LI score of 2.34-3.00)
Overall results from Classroom A indicated a range of pretest responses, with a low score
of 0 and a high score of 10. Following the intervention activities and implementation of the
group amplification system, posttest results again showed a range of responses, with a low score
of one and a high score of 10. However, nine students in Classroom A initially performed well
on the pretest measure, earning a total score of 9/10 or 10/10 (even before experiencing the
intervention activities and the introduction of the group amplification system). Due to this preintervention ceiling effect, these initial pretest results suggested little (or no) “growth room” for
these nine students. The results of the eight students who began with a pretest score of lower than
nine, or the “focus students,” are presented in Figure 1.
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12

Total Score (10 Maximum)

10
10

9

9
8

9

8

8

7
6

7

6

6

5

4

3

2

1

1 1
0

0
2

4

5

6

11

15

16

18

Student # Code
Pretest Score

Posttest Score

Figure 1. Spelling pre- and posttest scores for focus students in Classroom A
Results from Classroom B showed a low score of five and a high score of 10 on the
pretest measure (reflecting a range of results which was smaller than that of Classroom A).
Following the intervention activities, posttest results indicated a low score of seven and a high
score of 10 (again, noting range of results was much smaller than in Classroom A). Thirteen
students in Classroom B also initially performed well on the pretest measure, earning a total
score of 9/10 or 10/10 (even before experiencing the intervention activities). Again, due to this
pre-intervention ceiling effect, these initial pretest results provided little (or no) “growth room”
for these 13 students. The results of the three students who began with a pretest score lower than
nine, or the “focus students,” are presented in Figure 2.
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Total Score (10 Maximum)

9

9
8

8

7

7

7
6

5

5

5
4
3
2
1
0
19

20

34

Student # Code
Pretest Score

Posttest Score

Figure 2. Spelling pre- and posttest scores for focus students in Classroom B
Statistical Difference Between Classrooms
To examine the relationship between the two classrooms and the respective students’
scores on the study’s variables, five independent samples t-Tests were conducted. These
measures included the Listening Inventory, listening-in-noise tasks, pretest measure, posttest
measure, as well as the change score from pretest to posttest measures, and will be discussed
more fully in the sections that follow.
Listening Inventory Means
To determine the relationship between classrooms on the students’ average Listening
Inventory scores, an independent samples t-Test was conducted. This statistical measure
included all student participants from each classroom. Results were not statistically significant
between Classroom A (M = 2.60, SD = 0.49) and Classroom B (M = 2.53, SD = 0.68), t(27.14) =
0.31, p = 0.219 on students’ overall Listening Inventory scores.
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Listening in Noise
To compare the students’ abilities when listening in noise between classrooms, the
researcher examined each classroom teacher’s responses to Question 6 on the “Listening
Inventory”: “Compared to his/her classmates, does this student routinely stay focused when
background noise is present?” This statistical measure included only the focus students from
each classroom, or those students who scored below a total of nine on the spelling pretest.
Results were not statistically significant between Classroom A (M = 2.13, SD = 0.64) and
Classroom B (M = 1.00, SD = 0.00), t(7.00) = 4.97, p = 0.129 on students’ abilities when
listening in noise.
Spelling Pre- and Posttest
To analyze the difference between each classroom and the students’ resulting pre- and
posttest scores, two independent samples t-Tests were conducted. These statistical measures
included only the focus students from each classroom, or those students who scored below a
total of nine on the spelling pretest. Results were not statistically significant between Classroom
A and Classroom B on the spelling pretest, as well as the spelling posttest, and are presented in
Table 7.
Table 7
Focus Students’ Pre- and Posttest Results for Classrooms A & B
Classroom A
Classroom B

Pretest
Posttest

M

SD

M

SD

t

df

p

3.88
7.38

3.04
2.88

6.00
7.67

1.73
1.15

-1.45
-0.24

6.74
8.69

0.110
0.339

Change Score
In order to determine if there was a difference between classrooms and the students’
change scores from pre- to posttest measures, an independent samples t-Test was conducted.
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This statistical measure included only the focus students, or those who scored below a total of
nine on the spelling pretest. Results were statistically significant between Classroom A (M =
1.76, SD = 2.44) and Classroom B (M = 0.44, SD = 0.81), t(19.72) = 2.12, p = 0.002* on
students’ change score from pre- to posttest measures.
Listening Inventory Category
To investigate the relationship between students’ “Listening Inventory Category” and
various variables in each classroom, six one-way ANOVAs were completed. These statistical
measures included the spelling pretest, spelling posttest, and change score in each classroom.
Spelling Pretest
In order to analyze the relationship between the students’ “Listening Inventory Category”
and their pretest scores, an ANOVA was completed for each classroom. These statistical
measures included all student participants in each classroom. In Classroom A, there was a
significant difference between individual student’s “Listening Inventory Category” and their
resulting pretest score (F (2, 14) = 16.52, p = 0.000*). In Classroom B, there was also a
significant difference between students’ “Listening Inventory Category” and their resulting
pretest score (F (2,13) = 24.95, p = 0.000*). The post-hoc analyses revealed that there was a
significant difference between students categorized in the “Low” and “Mid” categories (p =
0.001*), as well as between students categorized in the “Low” and “High” categories (p =
0.000*). Results for each classroom are presented in Tables 8 and 9, respectively.
Table 8
Listening Inventory Category and Students’ Pretest Scores: Classroom A
Students’ Pretest Scores
Listening Inventory Category
Low (1.00-1.66)
Mid (1.67-2.33)
High (2.34-3.00)

M
3.00
2.25
8.92

SD
0.00
3.20
1.73

n
1
4
12
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Table 9
Listening Inventory Category and Students’ Pretest Scores: Classroom B
Students’ Pretest Scores
Listening Inventory Category
Low (1.00-1.66)
Mid (1.67-2.33)
High (2.34-3.00)

M
6.00
9.50
9.73

SD
1.73
0.71
1.67

n
3
2
11

Spelling Posttest
The researcher also examined the relationship between the students’ “Listening Inventory
Category” and their resulting posttest scores. Therefore, an ANOVA was completed for each
classroom. These statistical measures again included all student participants in each classroom.
Results were statistically significant for Classroom A (F (2,14) = 8.46, p = 0.004*), as well as
Classroom B (F (2,13) = 17.58, p = 0.000*). The post-hoc analyses revealed that there was a
significant difference between students categorized in the “Low” and “Mid” categories (p =
0.002*), as well as between students categorized in the “Low” and “High” categories (p =
0.000*). The results for individual classrooms are presented in Tables 10 and 11, respectively.

Table 10
Listening Inventory Category and Students’ Posttest Scores: Classroom A
Students’ Posttest Scores
Listening Inventory Category
Low (1.00-1.66)
Mid (1.67-2.33)
High (2.34-3.00)

M
10.00
5.75
9.67

SD
0.00
3.40
2.33

n
1
4
12

Table 11
Listening Inventory Category and Students’ Posttest Scores: Classroom B
Students’ Posttest Scores
Listening Inventory Category
Low (1.00-1.66)
Mid (1.67-2.33)
High (2.34-3.00)

M
7.67
10.00
9.82

SD
1.15
0
1.03

n
3
2
11
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Change Score
In order to determine if there was a relationship between individual students’ “Listening
Inventory Category” and their change scores, an ANOVA was completed for each classroom.
These statistical measures included all student participants in each classroom. In Classroom A,
there was a significant difference between students’ “Listening Inventory Category” and their
resulting change score (F (2, 14) = 8.39, p = 0.004*). In Classroom B, there was also a
significant difference between students’ “Listening Inventory Category” and their resulting
change score (F (2,13) = 9.35, p = 0.003*). The post-hoc analyses revealed that there was only a
significant difference between students categorized in the “Low” and “High” categories (p =
0.002*). Results for each classroom are presented in Tables 12 and 13, respectively.
Table 12
Listening Inventory Category and Students’ Change Scores: Classroom A
Students’ Change Scores
Listening Inventory Category
Low (1.00-1.66)
Mid (1.67-2.33)
High (2.34-3.00)

M
7.00
3.50
0.75

SD
0.00
3.11
2.44

n
1
4
12

Table 13
Listening Inventory Category and Students’ Change Scores: Classroom B
Student’s Change Scores
Listening Inventory Category
Low (1.00-1.66)
Mid (1.67-2.33)
High (2.34-3.00)

M
1.67
0.50
0.09

SD
0.58
0.71
0.54

n
3
2
11

Relationship Among Variables
To examine the relationship between several variables in each classroom, six correlation
measures were completed. These experimental measures included listening-in-noise tasks, as
well as spelling pre- and posttest measures.
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Listening in Noise and Spelling Pretest
The researcher examined the relationship between each teacher’s responses to Question 6
on the “Listening Inventory”: “Compared to his/her classmates, does this student routinely stay
focused when background noise is present?” -- to students’ performance on the spelling pretest
measure, as a group amplification system was not present in either classroom during the pretest
data collection. As such, two separate correlation measures were completed, including
Classroom A and Classroom B as separate entities. These statistical measures included only the
focus students, or those who scored below a total of nine on the spelling pretest. Results were
not statistically significant for either classroom, and are presented in Table 14.
Table 14
Focus Students’ Listening in Noise and Pretest Measures
Classroom(s)
r
p
n
Classroom A
0.547
0.160
8
Classroom B*
--3
Note: Correlation could not be computed for Classroom B as one of the variables was constant*
Listening in Noise and Spelling Posttest
The researcher also analyzed the relationship between Question 6 on the “Listening
Inventory”: “Compared to his/her classmates, does this student routinely stay focused when
background noise is present?” -- to students’ performance on the spelling posttest measure, as a
group amplification system was implemented in Classroom A during the posttest data collection.
Two separate correlation measures were run, including Classroom A and Classroom B as
separate entities. These statistical measures again included only the focus students, or those who
scored below a total of nine on the spelling pretest. Results were not statistically significant for
either classroom, and are presented in Table 15.
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Table 15
Focus Students’ Listening in Noise and Posttest Measures
Classroom(s)
r
p
n
Classroom A
0.302
0.467
8
Classroom B*
--3
Note: Correlation could not be computed for Classroom B as one of the variables was constant*
Spelling Pre- and Posttest Scores
In order to determine if there was a relationship between spelling pre- and posttest scores,
two separate correlation measures were run, including Classroom A and Classroom B as separate
entities. These statistical measures included only the focus students, or those who scored below
and total of nine on the spelling pretest. Results were statistically significant only for Classroom
B, and are presented in Table 16.
Table 16
Focus Students Pre- and Posttest Measures: Overall Scores
Classroom(s)
r
p
Classroom A
0.610
0.108
Classroom B
1.000
0.000*
Note: p<0.05 indicates significance*

n
8
3

Discussion
The following sections will present a discussion of the previously reported statistical
results. A qualitative discussion of observations noted throughout the data collection procedure
will also be presented.
Gender and Age Demographics
There was a total of 33 participants in the study, with one more male than female
participant. Specifically, in Classroom A, there was one more male than female participant,
whereas the sample was split evenly between males and females in Classroom B. This shows a
fairly equal distribution of male and female students in each classroom, as well as the overall
sample.
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When examining the focus students, or those who scored below a total of nine on their
spelling pretest, a different combination of male and female participants emerged. Specifically,
in Classroom A, there were more female focus students (five of eight), whereas all three focus
students in Classroom B were male. However, when analyzing the total number of focus students
between both classrooms, there were more male than female focus students (six versus five).
This greater number of male focus students aligns with several research reports regarding the
greater prevalence of learning disabilities and differences, including Autism Spectrum Disorders,
in the male population (National Institute on Deafness and other Communication Disorders,
2016, p. 1).
The age range of participants was narrow, varying between six or seven years old.
Specifically, in Classroom A, there was a greater number of six-year-old students (9 of 17),
while Classroom B had a greater number of seven-year old students (9 of 16). This information
indicates a minor difference in age distribution between these classrooms.
Individualized Education Plan (IEP) Demographics
In order to determine the number of students on an Individualized Education Plan (IEP)
in each classroom, the researcher asked each lead teacher to report the number of students on an
IEP in each classroom, as well as the number of students, if any, diagnosed with an Autism
Spectrum Disorder. In Classroom A, one student was on an IEP for an Autism Spectrum
Disorder. In Classroom B, three students were on an IEP, with one of these students reportedly
presenting with an Autism Spectrum Disorder. These data show an equal distribution of
participants (one) with a reported Autism Spectrum Disorder in each classroom.
As discussed by Rance, Saunders, Carew, Johansson, and Tan (2014), a common benefit
of utilizing group amplification systems with students on the Autism Spectrum is an increase in
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attentive behaviors, followed by an increase in listening comprehension abilities (p. 355).
Although these specific students’ identifying information and data results are unknown due to
confidentiality, the researcher can speculate that the students on an IEP in each classroom,
including those reportedly diagnosed with Autism Spectrum Disorders, benefitted from the use
of a group amplification system during spelling intervention and posttest procedures based on
previous research.
Listening Inventory
Prior to the administration of pre- and posttest measures, as well as two days of spelling
intervention activities, the two lead teachers were asked to complete a “Listening Inventory” for
each student in their classroom. This six-question tool was designed to measure individual
students’ listening or “perception” abilities during language-based tasks in the classroom.
When analyzing the results of individual students in Classroom A, a trend of lower
teacher responses was particularly noted for Question 3: “Compared to his/her classmates, does
this student routinely understand information the first time it is presented?” These lower
responses suggested that several students in Classroom A required multiple presentations of
information in order to clearly understand a particular concept. However, when grouping
individual student responses into a range of results, the majority of students in Classroom A fell
into the “High” category, with 12 of the 17 students with a total score between 2.34 and 3.00.
These results indicated that the majority of students in Classroom A displayed “strong” listening
or “perception" abilities. The range of results also indicated only one student in the “Low”
category, with a total score between 1.00 and 1.66. This number may reflect the single student on
an IEP in Classroom A [Note. It is unknown if this student with the low “Listening Inventory”
score was the student on an IEP, due to confidentiality purposes].
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When analyzing the results of individual students in Classroom B, no observable trend
was noted for lower teacher responses to any specific “Listening Inventory” question.
Additionally, when grouping individual student responses into a range of results, the majority of
students in Classroom B fell into the “High” category, with 11 of the 16 students with a total
score between 2.34 and 3.00. Based on these results, it can be concluded that the majority of
students in Classroom B were rated as having “strong” listening or “perception” abilities. The
range of results also displayed three students in the “Low” category, with a total score between
1.00 and 1.66. This number may reflect the three students on an IEP in Classroom B [Note. The
researcher cannot state with certainty that those students with the low “Listening Inventory”
scores were the students on IEPs due to confidentiality purposes].
Statistical Difference Between Classrooms
The following sections will discuss the previously reported statistical results regarding
the relationship between the two classrooms and the students’ performance on a variety of
variables. These measures included the “Listening Inventory,” listening-in-noise tasks, the
pretest measure, the posttest measure, as well as the change score from pretest to posttest
measures.
Listening Inventory Means
According to the “Listening Inventory” data, there was no significant difference between
the classrooms on the students’ overall “Listening Inventory” scores. Means between Classroom
A and Classroom B were close and fell in the “High” “Listening Inventory” category, with a
total score between 2.34 and 3.00. These results suggested that students in both classrooms
generally excel in listening or “perception” tasks in the classroom. However, the mean was
slightly higher for Classroom A (M = 2.60, SD = 0.49), suggesting that students in this classroom
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may have stronger listening or “perception” abilities than those students in Classroom B (M =
2.53, SD = 0.68). Also, the standard deviation was higher for Classroom B, suggesting a greater
variability of teacher responses on this questionnaire than those responses for students in
Classroom A. Specific students may struggle with these listening tasks, and were observed as
such during the data collection procedure, as will be discussed in the sections that follow.
Listening in Noise
While the listening-in-noise results were not of statistical significance, the mean of
Classroom B (M = 1.00, SD = 0.00) was lower than that of Classroom A (M = 2.13, SD = 0.64),
suggesting that the three focus students in Classroom B may struggle more with listening-innoise tasks than those in Classroom A. The standard deviation was zero for Classroom B,
showing that all focus students in this classroom received the same low score (1.00) from their
teacher on this “Listening Inventory” question. These results suggested that students in
Classroom B could potentially benefit from the use of a group amplification system in their
classroom, as they had earned a low score regarding their listening-in-noise abilities.
Spelling Pretest
The spelling pretest results indicated that there was no significant difference between
focus students in Classrooms A and B regarding their initial knowledge of this specific list of
spelling words, since group amplification was not utilized in either classroom during this testing
procedure. However, the mean pretest score was higher in Classroom B (M = 6.00, SD = 1.73),
suggesting that this group of students may have had more knowledge of this list of spelling
words when compared to Classroom A (M = 3.88, SD = 3.04). The standard deviation was higher
in Classroom A, as these students’ individual pretest scores had a greater variability than those
students in Classroom B.
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Spelling Posttest
According to Table 7, there was not a significant difference between the students in
Classroom A and Classroom B on their resulting posttest scores. Mean posttest scores between
these two groups both increased from the mean scores of the pretest measure, suggesting that
focus students in both classrooms obtained higher scores on the posttest, regardless of the use of
a group amplification system in Classroom A. This improvement may be due to intensive
practice on this specific list of spelling words during the previous two days of intervention
activities, or because of outside practice with parents or guardians in the home environment.
Mean scores between Classroom A and Classroom B were also high in number and were close to
one another, suggesting that students in both classrooms performed well on this posttest measure.
However, the standard deviation was higher in Classroom A (M = 7.38, SD = 2.88), suggesting
there was a greater variability of posttest scores in this classroom rather than for the students in
Classroom B (M = 7.67, SD = 1.15).
Change Score
The change score results showed that there was a significant difference between the
classrooms on focus students’ change scores from pre- to posttest measures. Specifically, the
mean change score was higher for Classroom A (M = 1.76, SD = 2.44), suggesting that these
eight focus students had an overall increased change score from the three students in Classroom
B (M = 0.44, SD = 0.81). The standard deviation was also higher for Classroom A, suggesting
that these eight focus students had a greater variability of their change scores than the three focus
students in Classroom B.
This statistical significance suggests that the use of the group amplification system in
Classroom A had benefits. A common benefit of group amplification systems is that they allow
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students the ability to hear information clearly presented during the school day through
improvement of the signal-to-noise ratio in the classroom (Dockrell & Shield, 2012, p. 1163). As
the Classroom A focus students were able to hear the researcher’s voice at an improved signalto-noise ratio, they may have been able to increase their spelling posttest scores by a greater
amount, than the focus students in Classroom B, who received no intervention activities, nor the
posttest administration, with the provision of enhanced amplification.
Listening Inventory Category
The following sections discuss the relationship between students’ “Listening Inventory”
category and a variety of variables in each classroom. These statistical measures included the
spelling pretest, spelling posttest, and change score in each classroom.
Spelling Pretest
These results first displayed the difference in pretest means between the two classrooms,
most significantly between students in the “Low” and “High” “Listening Inventory” categories
(p = 0.000*). Although only one student was a part of the “Low” category in Classroom A (M =
3.00, SD = 0.00), his/her mean pretest score was half of the mean pretest score for those students
in the “Low” category in Classroom B (M = 6.00, SD = 1.73). The mean pretest scores were
higher in Classroom B for students in both “Mid” (M = 9.50, SD = 0.71) and “High” categories
(M = 9.73, SD = 1.67). These data indicated that although these students may have scored lower
on their “Listening Inventory,” they were still able to achieve high pretest scores, potentially due
to their initial knowledge of this specific list of spelling words.
Spelling Posttest
These results displayed a significant difference between individual student’s “Listening
Inventory” categories and their resulting posttest scores in each classroom, most significantly
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between students scoring in the “Low” and “High” “Listening Inventory” categories (p =
0.000*). The student in the “Low” category on their “Listening Inventory” improved to a perfect
posttest mean score in Classroom A (M = 10.00, SD = 0.00). Mean posttest scores also increased
for students in both “Mid” (M = 5.75, SD = 3.40) and “High” categories (M = 9.67, SD = 2.33) in
Classroom A when compared to their mean pretest scores. These improvements in posttest scores
may be due to the introduction of the group amplification system in this classroom during
intervention and posttest procedures, as was noted by Johnston and her colleagues (2009), who
observed an improved academic performance through the use of a group amplification system
with their sample population of students with Auditory Processing Disorders (pp. 375-378).
Mean posttest scores also improved in Classroom B, but to a lesser degree. This
improvement may be due to focused spelling practice through two days of intervention activities
as part of the data collection procedure, but may be smaller in amount due to the lack of the
group amplification system in this classroom.
Change Score
From the change score results, it was evident that students’ “Listening Inventory”
categories did not impact their change scores from spelling pre- to posttest measures in either
classroom. Specifically, in Classroom A, this significant difference may be due to the
introduction of a group amplification system during intervention and posttest procedures. “Low”
students, or those that struggle with listening or “perception” tasks in the classroom, likely
received a poor rating score on their “Listening Inventory.” However, the amplification system
may have allowed this group of students to experience an increase in listening comprehension
due to the increased signal, resulting in a greater change score by their posttest measure. These
results support the findings concluded by Rance, Chrisari, Saunders, and Rault (2017, p. 2016),
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as their sample population of students with Autism Spectrum Disorders similarly experienced an
increase in listening comprehension with language-based tasks. These results may also be
partially explained by the higher mean change score for low-range students in Classroom A (M =
7.00, SD = 0.00) as compared to Classroom B (M = 1.67, SD = 0.58).
Relationships Among Variables
The following sections discuss the relationship between a variety of variables in each
classroom. These measures included listening-in-noise tasks, as well as spelling pre- and posttest
measures.
Listening in Noise and Spelling Pretest
For Classroom A, the pretest results suggested that there was not a relationship between
focus students’ listening-in-noise abilities, as rated by their teacher, and their resulting pretest
scores. For example, even though a student may have a difficult time listening in noise and
obtained a low rating score from their teacher on Question 6 of the “Listening Inventory,” their
pretest score was not impacted by this rating. This lack of significance may be due to the pretest
procedure in Classroom A. As students were not accustomed to the researcher being a familiar
figure in the classroom, they appeared to be quieter during administration of the pretest measure.
As such, those students who struggle with listening-in-noise tasks were not negatively affected,
as there was little classroom conversation to negatively impact their pretest score.
For Classroom B, a correlation measure could not be computed due to a constant variable
of “Listening Inventory” responses for all focus students. Therefore, it is unknown if there was a
relationship between focus students’ listening-in-noise abilities, as recorded by their lead teacher,
and their corresponding pretest scores.

62

Listening in Noise and Spelling Posttest
For Classroom A, these posttest results suggested that there was not a relationship
between focus students’ listening-in-noise abilities, as rated by their teacher, and their resulting
posttest scores. For example, even though a student may have a difficult time listening in noise
and obtained a low rating score from their teacher on Question 6 of the “Listening Inventory,”
their posttest score was not impacted by this rating. This lack of significance may be due to the
unknown variable of the potential increased practice of spelling terms in the home environment.
As these students scored below a nine on their spelling pretest, they may have studied this list of
words more extensively throughout the week with parents or guardians at home. As a result, their
scores were not impacted by classroom conversation, as they had prepared prior to the spelling
posttest and felt comfortable during the experimental procedure.
The introduction of a group amplification system in Classroom A may have also
positively impacted these students. As the group amplification system presented spelling terms at
an improved signal-to-noise ratio, those students who may struggle with listening-in-noise tasks
were able to potentially overcome this difficulty and perform well on their posttest measure,
regardless of their low “Listening Inventory” score. These results align with those found by
Schafer and colleagues (2016) who concluded that the use of a remote-microphone (RM) device
results in elementary school students receiving an improved signal-to-noise ratio during literacybased tasks (p. 15). Punch and Hyde (2010) also obtained similar results with their sample
population of elementary-school students with cochlear implants (p. 412).
For Classroom B, a correlation measure could not be computed due to a constant variable
of “Listening Inventory” responses for all focus students. Therefore, it is unknown if there was a
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relationship between focus students’ listening-in-noise abilities, as recorded by their lead teacher,
and their corresponding posttest scores.
Spelling Pre- and Posttest Scores
The statistically significant results suggested a strong, positive relationship (p = 0.000*)
between pre- and posttest measures for focus students in Classroom B. For example, a focus
student’s high score on a pretest measure likely equated with an additional high score on the
posttest measure in this classroom. On the other hand, a focus student’s low score on a pretest
measure likely equated with an additional low score on a posttest measure for Classroom B. The
correlation value was also higher for Classroom B, at a total of 1.000, suggesting a stronger
relationship between pre- and posttest scores in this classroom rather than Classroom A.
The lack of significance in Classroom A may be due to the introduction of a group
amplification system during the posttest procedure. According to Flexer (as cited by Barrett,
2011), having clear auditory input relating to the sound structure of a language presents an
improved opportunity for students to acquire reading and literacy concepts (p. 30). As the
researcher’s voice was presented at an improved signal-to-noise ratio during this testing
procedure, for the literacy concept of spelling, focus students in this classroom may have been
able to improve their posttest scores, regardless of their pretest results, resulting in these two
measures not demonstrating a relationship.
Qualitative Discussion on Data Collection Procedures
The following sections describe various observations and anecdotal notes recorded
throughout the data collection procedures conducted at a local, rural elementary school. No
student will be mentioned by name to protect confidentiality. All data were collected each day
between 12:00 and 1:00 p.m., following the students’ recess period, over the course of four days.
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The researcher spent approximately 20-30 minutes in each classroom each day, starting with
Classroom A and then moving to Classroom B, due to the differing academic schedules in each
classroom.
Pretest Procedures
Upon the students’ arrival in Classroom A, the lead teacher informed the researcher that
one student had switched school districts the prior week, bringing the total number of students
down to 17 in this classroom. After the students entered the room and were seated, the researcher
was introduced to the students by the teacher. The researcher then presented a brief “childfriendly” overview of the data to be collected, and administered assent forms for each student to
sign. After these forms were collected, the lead teacher also signed all forms to provide
additional approval. While pretest worksheets were passed out, all students set up privacy folders
to protect their individual work from others. The pretest was then administered with each word
stated once alone, once in a sentence, and once alone. This same procedure was completed in
Classroom B following Classroom A. However, two students were absent from Classroom B
during this time. The lead teacher administered both students’ pretests during the following
recess period, utilizing the same example sentences presented by the researcher during the formal
testing procedure.
Intervention #1 Procedures
During the second day of data collection, the researcher engaged in spelling intervention
activities with students. Due to time constraints, an introductory exercise was eliminated, with
students completing only the main portion of the lesson in both classrooms (the tongue-twister
activity). At the end of the activity, students were administered a spelling practice test of five
randomly selected words on their list. Privacy folders were not utilized during this time. Words
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were stated once alone, once in a sentence, and once alone. This testing procedure was conducted
identically in both Classroom A and Classroom B. However, the spelling word list was
inadvertently displayed on the white board through the third word of the spelling practice test in
Classroom B. It is unknown if this accidental visual aid impacted these students’ resulting
practice test scores. One student was again absent in Classroom B during this time, and was
administered the spelling practice test during the following recess period, utilizing the same
example sentences as presented by the researcher during the formal classroom testing procedure.
Intervention #2 Procedures
Throughout the third day of data collection, the researcher engaged in additional spelling
intervention activities with students. Due to time constraints, an introductory exercise was again
eliminated, with students completing only the main portion of the lesson, “Spelling Bingo,” in
both classrooms. Since Classroom A already had Bingo supplies, such as game markers,
previously distributed to students, Classroom A was able to play “Spelling Bingo” for the
majority of the intervention time period. In contrast, adults in Classroom B spent some time
distributing Bingo game markers during the intervention period, resulting in students playing
“Spelling Bingo” for a shorter portion of the intervention time period. At the conclusion of this
activity, students were again administered a spelling practice test, incorporating the remaining
five randomly selected words. Privacy folders were not utilized during this time. Words were
stated once alone, once in a sentence, and once alone. This procedure was executed identically in
both classrooms, with all students present in both classrooms during this time.
Posttest Procedures
During the final day of data collection, students were administered a spelling posttest.
Privacy folders were utilized by all students during this time, similarly to the pretest procedure.
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Each word was stated once alone, once in a sentence, and once alone. This procedure was more
quickly completed in Classroom B, due to a birthday celebration prior to the researcher’s
entrance. Due to this somewhat abbreviated schedule, students in Classroom B appeared to be
extremely distracted during the posttest procedure, with several students conversing among peers
rather than engaging in full attention to their posttest task. Additionally, one student was again
absent during administration of the posttest in Classroom B. As this student was only present for
a single day of data collection, his/her results were completely eliminated from the data results
and analysis.
General Observations
At the conclusion of the data collection procedure, several observations could be made
regarding both Classroom A and Classroom B. First, organization and discipline appeared to be
the norm in Classroom A. The students in this classroom appeared to be aware of their
responsibilities in the classroom, and eagerly participated in all data collection activities under
the guidance of their lead teacher. Students in Classroom B, however, seemed easily distracted,
with several reluctant to participate in the data collection activities. These students appeared to
be especially distracted during the posttest procedure, potentially due to the changed schedule
which developed.
It should also be noted that one student in Classroom A was pulled out of the room each
day prior to the beginning of data collection to speak with an intervention specialist. During this
time, the student appeared to relax and prepare for the afternoon of academics, which initially
appeared to help others participate in the data collection activities. As this student needed several
verbal prompts and reminders to continue completing his/her work during data collection,
however, it is unknown if his/her results reflected his/her best academic work.
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Finally, it can be noted that students were seated in the same desk arrangement in both
Classroom A and Classroom B. Lead teachers informed the researcher that the more
academically-advanced students were seated toward the back of the classroom, while those
struggling or “at-risk” were seated toward the front. As such, the researcher made sure to walk
around the classroom during each day of data collection, particularly in the front of the
classroom, to ensure that all students, especially those struggling or “at-risk,” were engaged and
hearing the appropriate directions.
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CHAPTER V: CONCLUSION
The purpose of this chapter is to address the study’s major conclusions, as well as the
implications of these conclusions. The study’s limitations, including those of the study design
and of the participants, will also be noted. Recommendations for future studies will be provided,
and final thoughts about the study will be concluded. You will recall, the purpose of this study
was to determine the academic benefits and challenges, if any, of utilizing group amplification
systems during language-based tasks, such as spelling accuracy, with first-grade students. After
analyzing the data obtained from this study, it was determined that the use of this hearing
assistive technology was indeed effective in improving students’ spelling test scores from pre- to
posttest measures.
Major Conclusions
Three main conclusions will be shared from this study. These conclusions address
individual student’s change scores from pre- to posttest measures, listening-in-noise abilities, and
“Listening Inventory” scores.
The first major conclusion was that the use of a group amplification system for
intervention and posttest procedures in Classroom A positively impacted students’ change
scores, or growth from pre- to posttest measures. As evidenced by statistically significant
findings, students in Classroom A had a greater change score than students in Classroom B, who
completed intervention and posttest procedures without amplification.
A second major conclusion was that the use of a group amplification system positively
impacted students with poor listening-in-noise skills through improvement of the signal-to-noise
ratio. This finding was evidenced by the lack of significance between students’ listening-in-noise
abilities, as documented by their teachers on the researcher-designed “Listening Inventory,” and
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their spelling posttest scores in Classroom A. Through the use of a group amplification system at
the time of the posttest procedure, students with poor listening-in-noise abilities were
presumably able to overcome this difficulty, due to the improvement of the signal-to-noise ratio,
and in fact, obtained a high score on their posttest measure, resulting in no relationship being
found among these variables.
A final major conclusion was that individual student’s poor listening or “perception”
skills, as documented by their teachers, did not similarly result in a low change score from preto posttest measures. This finding was evidenced by the greater change score for students scoring
in the “Low” “Listening Inventory” category, as compared to students scoring in the “Mid” and
“High” categories. Although lead teachers categorized these students poorly regarding their
listening or “perception” skills in the classroom, this group of “Low” students was able to
achieve a greater change score than those students in the “Mid” and “High” “Listening
Inventory” categories.
Implications of the Research Findings
These major findings also have implications to discuss. Dockrell and Shield (2012)
suggested that incorporating students with “educational needs” in the elementary-school
classroom may be an additional indicator of the effectiveness of group amplification systems in
the educational environment (p. 1174). The first major finding of this study suggested that the
use of a group amplification system in a first-grade mainstream classroom, which included some
students with “educational needs,” was indeed effective through the academic improvement of
individual student’s scores. This finding supports Dockrell and Shield’s suggestion for future
research in addressing the effectiveness of group amplification systems in first-grade mainstream
classrooms.
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From this study, classroom teachers can also implement new knowledge, specifically
regarding the signal-to-noise ratio, when working with their elementary-school students. By
understanding that the use of a group amplification system improves the signal-to-noise ratio in
the classroom, lead teachers can incorporate the use of this hearing assistive technology more
frequently throughout the school day, particularly for those students who may struggle with
listening-in-noise tasks.
Finally, the researcher-designed “Listening Inventory” appeared to be able to aid
classroom teachers in acquiring initial information regarding individual student’s listening or
“perception” skills in the classroom. When observing the results of this questionnaire, however,
it should be kept in mind that predictions regarding individual student’s academic abilities may
be difficult based on their resultant “Listening Inventory” category alone.
Limitations
In addition to the above-noted conclusions, the study also had some limitations, including
those of the study design and regarding the participants, that ideally should be avoided in future
research. Both types of limitations will be discussed more fully in the sections that follow.
Limitations of the Study Design
The first limitation of the study design was the short time period allotted for the two days
of spelling intervention activities during the experimental procedures. Students only participated
in these intervention activities for 20-30 minutes per classroom each day. As such, these short
time periods may not have been the best indicator of the value of a group amplification system in
Classroom A, as this group of students was only minimally exposed to this hearing assistive
technology. Classroom B was also not adequately prepared with readily-available materials, such
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as game markers, for the “Spelling Word Bingo” game on the second day of intervention,
causing this group of students to receive even less time engaged in this intervention activity.
A second limitation to the study’s design was that lead teachers were the only individuals
to complete a “Listening Inventory” for each of their students, rather than involving the
researcher’s input as well. The researcher was only able to make qualitative observations
regarding individual student’s listening or “perception” skills in the classroom, rather than
numerically scoring a “Listening Inventory” for individual students.
A final limitation of this study’s design was that experimental procedures were completed
in the same classroom order each day, first in Classroom A, then in Classroom B. This
scheduling was because of each classroom’s individual academic schedule. Due to this aspect of
the study, however, the researcher was unable to vary the presentation of experimental
procedures, such as the spelling pre- and posttest measures, as well as the intervention activities,
between classrooms. As such, the researcher may have been more “engaged” with Classroom A
as they were always the first group to receive the researcher’s attention.
Limitations of the Participants Investigated
The small number of students in each classroom reportedly diagnosed with an Autism
Spectrum Disorder was a limitation regarding the participants for this study. Due to this low
number of students diagnosed with ASD in each classroom, the researcher was unable to focus
on this sample population, as was originally intended. Also, one student reportedly diagnosed
with an Autism Spectrum Disorder was removed from his/her classroom prior to the beginning
of data collection each day. Therefore, this student’s data were completely eliminated from the
results, further reducing the amount of study participants with ASD.
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Recommendations for Future Research
Based on the framework of this study, future research can be completed related to this
topic. First, having a longer time period allotted for each day of spelling intervention activities
may be beneficial. Throughout this longer time period, the researcher would incorporate the
planned opening exercises previously eliminated from each lesson plan in the current study.
Students in Classroom A would also gain additional time with exposure to a group amplification
system, which may be a strong indicator of the impact of this hearing assistive technology in
their elementary-school classroom.
Having both lead teachers and the researcher complete a “Listening Inventory” regarding
individual student’s listening or “perception” skills in the classroom is a further suggestion. With
the addition of the researcher’s numerical data for individual students, comparisons could be
made regarding both the lead teachers’ and researcher’s responses, noting that the lead teachers
have interacted with their students for a far longer portion of the school year.
A third suggestion would be to vary the presentation of experimental procedures, such as
the spelling pre- and posttest measures, as well as the intervention activities, between the two
classrooms involved in the study. For example, if Classroom A completed the spelling pretest
first, then Classroom B would be the first group to participate in intervention activities on the
following day. This “counter balancing” of the tasks would allow the researcher to be equally
“engaged” with both classrooms throughout experimental procedures, as no classroom would
always complete these procedures before the other.
Taking note of each student’s skills in written and spoken English prior to the beginning
of the experimental procedures may also be useful. If a student’s primary language is not
English, their results would arguably be analyzed with this information in mind, as limited
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English proficiency might impact their resulting scores or at least be recognized as an additional
variable.
A fourth suggestion would be to involve a larger number of classrooms throughout the
study’s experimental procedures. As the researcher was only able to work with two first-grade
classrooms in one elementary school, incorporating the use of additional first-grade classrooms
may be an indicator of the value of a group amplification system for elementary school students.
A final suggestion would be to conduct this study at a specialized school or program for
students with Autism Spectrum Disorders. As the researcher was unable to fully evaluate the
impact of a group amplification system on this sample population during the current study, this
new location would allow for a focus on groups of students with ASD. To determine that all
student participants are of the same “level” of ASD, entrance criteria regarding these students’
skills and educational abilities, such as spoken and written language, behavior, or spelling skills;
would ideally need to be evaluated prior to the beginning of the study. By completing this study
with students who are reportedly diagnosed with Autism Spectrum Disorders, however, the true
impact of a group amplification system on this sample population could be better evaluated.
Final Thoughts
A variety of both scholarly and practical rationales were delineated prior to the
completion of the study’s experimental procedures. These rationales included the importance of
future research on hearing assistive technology in the elementary-school classroom, particularly
group amplification systems, with first-grade students. According to past research, students with
hearing impairment, those with Auditory Processing Disorders, and those with Autism Spectrum
Disorders have benefitted from the use of this hearing assistive technology. Throughout this
study’s experimental procedures, however, I was able to observe several typically-developing
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students improve their spelling posttest scores through the use of a group amplification system as
well. As a future educational audiologist, it seemed obvious that this study’s findings should
bring increased awareness to the benefits of group amplification systems for all students in the
elementary-school classroom, especially during tasks of spelling accuracy.
The Independent Study process was extremely rewarding, especially through my focus on
educational audiology, an area to which I am truly passionate. At first, I was unsure if I would be
able to complete my proposed experiment in any elementary school, let alone in the incredible
school district which took me under their wing for this portion of my research. The ability to
conduct this experiment and collect hands-on data alongside my advisor was a way to truly see
the benefits of group amplification systems outlined in the literature, and then put into practice.
The Independent Study process has also solidified my decision to work with elementary school
students, particularly those with hearing loss, in my future career. Overall, I hope to not only
continue research related to my Independent Study throughout my time in graduate school, but to
carry this experience into my professional life as well.
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Appendix A
The Diagnostic and Statistical Manual of Mental Disorders (DSM) 5
Data is retrieved from the 2013 Diagnostic and Statistical Manual of Mental Disorders
(DSM) 5, authored by the American Psychiatric Association. This particular section outlines
common characteristics of Autism Spectrum Disorders (ASD).
Autism Spectrum Disorder
Diagnostic Criteria

299.00 (F84.0)

A. Persistent deficits in social communication and social interaction across multiple
contexts, as manifested by the following, currently or by history (examples are
illustrative, not exhaustive, see text):
1. Deficits in social-emotional reciprocity, ranging, for example, from abnormal social
and failure of normal back-and-forth conversation; to reduced sharing of interests,
emotions, or affect; to failure to initiate or respond to social interactions.
2. Deficits in nonverbal communicative behaviors used for social interaction ranging,
for example, from poorly integrated verbal and nonverbal communication; to
abnormalities in eye contact and body language or deficits in understanding and use
of gestures; to a total lack of facial expressions and nonverbal communication.
3. Deficits in developing, maintaining, and understanding relationships, ranging, for
example, from difficulties adjusting behavior to suit various social contexts; to
difficulties in sharing imaginative play or in making friends; to absence of interest in
peers.
Specify current severity:
Severity is based on social communication impairments and restricted, repetitive
patterns of behavior (see Table 2).
B. Restricted, repetitive patterns of behavior, interests, or activities, as manifested by at least
two of the following, currently or by history (examples are illustrative, not exhaustive,
see text):
1. Stereotyped or repetitive motor movements, use of objects, or speech (e.g., simple
motor stereotypes, lining up toys or flipping objects, echolalia, idiosyncratic phrases).
2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of
verbal or nonverbal behavior (e.g., extreme distress at small changes, difficulties with
transitions, rigid thinking patterns, greeting rituals, need to take the same route or eat
the same food every day).
3. Highly restricted, fixated interests that are abnormal in intensity or focus (e.g., strong
attachment or preoccupation with unusual objects, excessively circumscribed or
preservative interests).
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4. Hyper- or hyporeactivity to sensory input or unusual interest in sensory aspects of the
environment (e.g., apparent indifference to pain/temperature, adverse response to
specific sounds or textures, excessive smelling or touching of objects, visual
fascination with lights or movement).
Specify current severity:
Severity is based on social communication impairments and restricted, repetitive
patterns of behavior (see Table 2).
C. Symptoms must be present in the early developmental period (but may not become fully
manifest until social demands exceed limited capabilities, or may be masked by learned
strategies later in life).
D. Symptoms cause clinically significant impairment in social, occupational, or other
important areas of current functioning.
E. These disturbances are not better explained by intellectual disability (intellectual
developmental disorder) or global developmental delay. Intellectual disability and autism
spectrum disorder frequently co-occur; to make comorbid diagnoses of autism spectrum
disorder and intellectual disability, social communication should be below that expected
for general developmental level.
Note: Individuals with a well-established DSM-IV diagnosis of autistic disorder, Asperger’s
disorder, or pervasive developmental disorder not otherwise specified should be given the
diagnosis of autism spectrum disorder. Individuals who have marked deficits in social
communication, but whose symptoms do not otherwise meet criteria for autism spectrum
disorder, should be evaluated for social (pragmatic) communication disorder.
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Appendix B
Listening Inventory
The researcher-designed “Listening Inventory” was adapted from the Children’s
Auditory Performance Scale, Listening Inventory for Education, Classroom Listening Scale, and
LittlEARs. Utilizing Likert-type questions, each student’s routine listening or “perception”
abilities were rated on a scale from 1 (Rarely) to 3 (Often).

Listening Inventory
Adapted from: Children’s Auditory Performance Scale, Listening Inventory for Education, Classroom Listening Scale, and LittlEARs

For each question, please circle the numerical value that best represents this student’s listening or “perception” abilities in the classroom.
Each scale ranges from 1 (Rarely) to 3 (Always).
Student Name/Initials: ___________________________

Chronological Age: ________

Compared to his/her classmates, does this student routinely…
1. Follow simple instructions (e.g., “Line up at the door.”)?
2. Follow “multi-part” instructions (e.g., “Get your jacket and line up at the door.”)?
3. Understand information the first time it is presented?
4. Stay focused during large group activities?
5. Stay focused when socializing with peers in small groups?
6. Stay focused when background noise is present?
Student Name/Initials: ___________________________

Chronological Age: ________

Compared to his/her classmates, does this student routinely…
1. Follow simple instructions (e.g., “Line up at the door.”)?
2. Follow “multi-part” instructions (e.g., “Get your jacket and line up at the door.”)?
3. Understand information the first time it is presented?
4. Stay focused during large group activities?
5. Stay focused when socializing with peers in small groups?
6. Stay focused when background noise is present?
Student Name/Initials: ___________________________

1 - Rarely
1
1
1
1
1
1

1 - Rarely
1
1
1
1
1
1

Chronological Age: _______

Compared to his/her classmates, does this student routinely…
1. Follow simple instructions (e.g., “Line up at the door.”)?
2. Follow “multi-part” instructions (e.g., “Get your jacket and line up at the door.”)?
3. Understand information the first time it is presented?
4. Stay focused during large group activities?
5. Stay focused when socializing with peers in small groups?
6. Stay focused when background noise is present?

1 - Rarely
1
1
1
1
1
1

Number Code: ____
2 – Neutral
2
2
2
2
2
2

3 - Always
3
3
3
3
3
3

Number Code: ____
2 – Neutral
2
2
2
2
2
2

3 – Always
3
3
3
3
3
3

Number Code: ____
2 – Neutral
2
2
2
2
2
2

3 - Always
3
3
3
3
3
3
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Appendix C
Spelling Intervention Lesson Plan #1
The lesson plan outlines the introductory exercise, main lesson procedure, and closing
activity during the first day of spelling intervention. The duration of this lesson was
approximately 20-30 minutes.
Lesson Plan #1
Pre-Lesson Content
What will the students DO during the lesson?
· After receiving a list of ten spelling words, first-grade students will be able to
“Rainbow Write” a chosen word on the SmartBoard with minimal error.
· After receiving a list of ten spelling words, first-grade students will be able to create
two “Spelling Word Tongue Twisters” with minimal error.
What will the students LEARN as a result of participating?
·
·

Students will learn how to “Rainbow Write” specific spelling words, incorporating
SmartBoard technology.
Students will learn how to create tongue twisters, involving a spelling word in their
writing.

How will you KNOW/ASSESS that they learned what you expected?
· Students will complete a practice test of five spelling words at the conclusion of the
lesson. This practice test will serve as an exit slip for students.
Lesson Introduction
·

To engage students in spelling as the focus of this lesson, students will complete a
“Rainbow Write” introductory activity. During this time, a student volunteer will write
a chosen spelling word on the SmartBoard screen in two colors. Following their
writing, students in one classroom will use the group amplification microphone to spell
their selected word, while the other classroom will not incorporate the group
amplification system as a control measure.*
*This activity was eliminated during the study’s experimental procedures due to time constraints.
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Teaching Procedure/Practice
·

Hook: Students will complete a “Rainbow Write” activity. A student volunteer will
write a chosen spelling word on the SmartBoard screen in two colors. Following their
writing, students in one classroom will use the group amplification microphone to spell
their selected word, while the other classroom will not utilize the group amplification
system as a control measure (15 minutes).*
· Main Lesson: First, the researcher will have a short discussion with students about
tongue twister sentences and how they are created. Following this discussion, students
will each receive a “Spelling Word Tongue Twisters” worksheet. Students will be
required to create their own two tongue twisters, involving two spelling words of their
choice. After the majority of students have created their tongue twisters, student
volunteers in one classroom can share their creations with the class via the group
amplification microphone, while the other classroom will not utilize the group
amplification system as a control measure (20 minutes)
· Closure: The lesson will conclude with a short practice test of five spelling words.
Words will be stated once alone, once in a sentence, and once alone. The researcher
will read each word with the group amplification microphone in one classroom, while
the other classroom will not incorporate the group amplification system as a control
measure (10 minutes).
*This activity was eliminated from the study’s experimental procedures due to time constraints.
Lesson Conclusion
·

To successfully end this lesson, students will complete a short practice test of five
spelling words. Words will be stated once alone, once in a sentence, and once alone. The
researcher will read each word with the group amplification microphone in one
classroom, while the other classroom will not incorporate the group amplification
system as a control measure. This practice test will also serve as an exit slip for students.
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Appendix D
Spelling Intervention Lesson Plan #2
This lesson plan outlines the introductory exercise, main lesson procedure, and closing
activity during the second day of spelling intervention. The duration of this lesson was
approximately 20-30 minutes.
Lesson Plan #2
Pre-Lesson Content
What will the students DO during the lesson?
· After receiving a list of ten spelling words, first-grade students will be able to solve a
“Word Jumble” puzzle of a specific spelling word on the SmartBoard with minimal
error.
· After receiving a list of ten spelling words, first-grade students will be able to play
“Spelling Word Bingo” as a large group with minimal error.
What will the students LEARN as a result of participating?
·
·

Students will learn how to solve a “Word Jumble” puzzle by unscrambling a set of
letters and writing them in the correct order to create a spelling word.
Students will learn how to play “Spelling Word Bingo” by filling their game card
correctly as spelling words are verbally stated.

How will you KNOW/ASSESS that they learned what you expected?
· Students will complete a practice test of five spelling words at the conclusion of the
lesson. This practice test will serve as an exit slip for students.
Lesson Introduction
·

To engage students in spelling as the focus of this lesson, students will complete a
“Word Jumble” puzzle activity. During this time, a student volunteer will unscramble a
set of letters on the SmartBoard screen to correctly create a spelling word. Following
their writing, students in one classroom will use the group amplification microphone to
spell their selected word, while the other classroom will not incorporate the group
amplification system as a control measure.*
*This activity was eliminated from the study’s experimental procedures due to time constraints.
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Teaching Procedure/Practice
·

Hook: Students will complete a “Word Jumble” puzzle activity. A student volunteer
will unscramble a set of letters to create a chosen spelling word on the SmartBoard
screen. Following their writing, students in one classroom will use the group
amplification microphone to spell their selected word, while the other classroom will
not utilize the group amplification system as a control measure (15 minutes).*
· Main Lesson: First, the researcher will pass out a set of “Spelling Word Bingo” cards,
and explain the game directions for students. Following these directions, the researcher
will verbally call out various spelling terms, with students placing a game piece on the
corresponding word. After a student has received a Bingo, they must spell each word
covered. During this game, the researcher will use the group amplification microphone
to call spelling words in one classroom, while the other classroom will not utilize the
group amplification system as a control measure (20 minutes)
· Closure: The lesson will conclude with a short practice test of five spelling words.
Words will be stated once alone, once in a sentence, and once alone. The researcher
will read each word with the group amplification microphone in one classroom, while
the other classroom will not incorporate the group amplification system as a control
measure (10 minutes).
*This activity was eliminated from the study’s experimental procedures due to time constraints.
Lesson Conclusion
·

To successfully end this lesson, students will complete a short practice test of five
spelling words. Words will be stated once alone, once in a sentence, and once alone. The
researcher will read each word with the group amplification microphone in one
classroom, while the other classroom will not incorporate the group amplification
system as a control measure. This practice test will also serve as an exit slip for students.
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Appendix E
The College of Wooster Human Subjects Research Committee (HSRC) Approval
The College of Wooster HSRC approved this study on November 2, 2017. This full board
approval occurred before any of this study’s data was collected.
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Appendix F
School District Superintendent Approval
A local, rural school district was the proposed location of this study’s experimental
process. As such, the district Superintendent approved this study on November 12, 2017. This
approval occurred before any of this study’s data was collected. Names and other information
have been removed to protect identity.
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Appendix G
Elementary School Principal Approval
A local, rural elementary school was the proposed location of this study’s experimental
process. As such, the elementary school Principal approved this study on November 19, 2017.
This approval occurred before any of this study’s data was collected. Names and other
information have been removed to protect identity.

