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ABSTRACT
KNOWLEDGE AND AWARENESS OF HEARING LOSS BY UNDERGRADUATE
EDUCATION MAJORS
By
SAMANTHA PRESBREY

Advisor: Dorothy Neave-DiToro, Au.D.

Objective: This research sought to establish the knowledge levels of undergraduate education
majors at Brooklyn College with regards to hearing assistive technologies, optimal classroom
acoustics, and signs of not hearing. Additionally, the intent is to utilize the results of a thorough
literature search and this study to create a comprehensive guide for future educators; Hearing
Loss: A Tool for Educators.

Methods: Undergraduate education majors enrolled in the Communication and Disorders
(CASD) 1114: Introduction to Speech, Language and Hearing Disorders were surveyed on their
knowledge of hearing assistive technologies, optimal classroom acoustics, and signs of not
hearing. A lecture was then provided encompassing the above mentioned as well as a general
overview of hearing loss. A survey was provided at the beginning and the end of the lecture for
the students to complete to track knowledge awareness of the topics discussed.
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Results: A between groups and within groups analysis was performed using a Cronbach’s Alpha
test of reliability. Students consistently performed poorly on questions related to optimal
classroom acoustics and signs of not hearing when results of pre and post lecture were analyzed.

Discussion: Comprehensive background knowledge of optimal classroom acoustics and signs of
not hearing are imperative for future educators. Teachers of students with identified hearing loss
and of those who have yet to be identified, need to know how to best care for their students.
Further education regarding these topics needs to be infused throughout the coursework at the
undergraduate level.

Conclusion: A basic understanding of hearing assistive technology, signs of not hearing, optimal
classroom acoustics, and accessibility is essential for future teachers as they are likely to
encounter students with hearing loss during their careers. Additionally, improving classroom
acoustics and access to auditory instruction benefits all students, even those without hearing loss.
Curriculum in undergraduate and graduate education programs should highlight these important
topics.

Key Words: hearing loss, classroom acoustics, hearing aids, hearing assistive technologies,
accessibility
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BACKGROUND
Prevalence
According to the Centers for Disease Control and Prevention, there are five per 1000
children diagnosed with hearing loss each year (CDC, 2020). Additionally, the National Institute
on Deafness and Other Communication Disorders (2016) states one in eight people in the United
States (U.S.) that are at least 12 years of age or older have hearing loss in both ears, which
equates to approximately 13% of the population (NIDCD, 2021). The World Health
Organization (WHO) has stated that over five percent of the world’s population, approximately
432 million adults and 34 million children, require some method of rehabilitation to manage their
hearing loss (WHO, 2021). It can also be estimated that over 700 million people will have some
level of disabling hearing loss by the year 2050 (WHO, 2021).
Causes of Hearing Loss
There are three parts of the ear, the outer, middle, and inner, which all play a role in the
ability of sound to travel through to the brain. The outer ear consists of the pinna, which is the
cartilaginous projection on the side of the head, the ear canal, which is the tunnel beginning into
the ear, and the ear drum (Surendran & Stenfelt, 2021). The pinna collects the sound and funnels
it into the ear canal allowing it to reach the eardrum (Musiek & Baran, 2018). The eardrum or
tympanic membrane separates the outer from the middle ear and is the beginning of the sound
transducing mechanism of the ear (Alberti, 2001). When the sound waves meet the eardrum, it
vibrates causing the conduction of sound to the three ear bones in the middle ear which in turn,
begin to move as well (Musiek & Baran, 2018). These three bones, the malleus, incus, and
stapes, are all suspended in the middle ear and help transfer the sound from the outer to the inner
ear. The Eustachian tube, another anatomical feature of the middle ear, secretes mucus and

1

allows for air passage through the middle ear and the nose (Alberti, 2001). Additionally, the
stapedius muscle of the middle ear contracts to the presence of loud sounds as a defense
mechanism to protect the ear (Zarowski, et al. 2021). Once the sound has traveled through the
middle ear, the stapes vibrates on the inner ear known as the cochlea. The rate at which the
stapes vibrates the cochlea, sends signals corresponding to specific frequencies (or pitches) and
intensities (or loudness) which send a signal up to the brain to process what was heard (Musiek
& Baran, 2018).
There are three types of hearing loss: conductive, sensorineural, and mixed. Conductive
hearing loss (CHL) is a result of a physical or mechanical disruption to the outer and/or middle
ear that affects the manner of sound traveling through to the inner ear (Brodie, Smith, & Ray,
2018; Lieu et al., 2020). Some examples of conductive hearing loss that present in children are
ear infections, atresia (no visible ear canal), anotia (absence of external ear) etc. Sensorineural
hearing loss (SNHL) can be broken down into two origins, either as a result from damage to
cochlea (cochlear/sensory hearing loss) or beyond the cochlea at the level of the auditory nerve
(retrocochlear/neural hearing loss) (Lieu, et al., 2020; Nachman, 2012). There are many different
causes of SNHL that can either be congenital (specific gene malformations or congenital
infections such as cytomegalovirus, fetal ototoxic exposure, etc.) or acquired after birth (e.g.,
infections, meningitis, head trauma, age-related hearing loss, etc.) (Lammens, et al., 2013;
Korver, et al., 2017; Brodie, Smith, & Ray, 2018; Lieu et al., 2020). Mixed hearing loss occurs
when there is a combination of both CHL and SNHL, where there is damage in the outer and/or
middle ear, as well as the inner ear, resulting in a hearing loss that impacts how sound travels
through multiple parts of the ear (Brodie, Smith, & Ray, 2018; Lieu et al., 2020). An example
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would be a child presenting with a middle ear infection as well as hearing loss due to a
congenital infection like cytomegalovirus.
Hearing loss can occur at any time in the child’s development, from in utero until as late
as older adulthood and can be associated with either syndromic or non-syndromic etiologies. A
hearing loss is considered congenital if it is identified in the neonatal period of life (Lieu et al.,
2020). One of the most common causes of congenital hearing loss in children is the congenital
cytomegalovirus which often results as sensorineural hearing loss. Hearing loss can also become
what is considered delayed onset where it is identified after the neonatal period but is still
attributed to any etiology that was present during birth (Lieu et al., 2020). Often, delayed-onset
hearing loss can be attributed syndromes related with progressive hearing loss such as Pendred
syndrome, Usher syndrome, and Alport syndrome (Lieu, et al., 2020; Mercer, 2015). The
remaining classification is acquired hearing loss which occurs any time after the neonatal period
and can be attributed to etiologies that were not present at birth (Lieu, et al., 2020). This form of
hearing loss can be attributed to the effects of trauma, infection, or ototoxic medications (Lieu et
al., 2020; Little & Cosetti, 2021).
There are six levels of severity a hearing loss can be classified as: slight, mild, moderate,
moderately severe, severe, and profound (Alshuaib, Al-Kandari, & Hasan, 2015). Each degree of
hearing loss is associated with a threshold of sound intensity measured in “hearing loss in
decibels” (dB HL). The greater the threshold, the less access to sound the individual will have. A
child is considered to have normal hearing if their thresholds are in the range of -10 to 15 dB HL
(ASHA, n.d.). These individuals have excellent hearing in quiet and should have little to no
difficulty following a conversation in a noisy environment (Olusanya, Davis, & Hoffman, 2019).
A minimal/slight hearing loss is at the level of 16 to 25 dB HL (ASHA, n.d.), and while they do
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not often have problems communicating, they should be monitored for any future changes in
hearing. For those with mild hearing loss, the thresholds lie between 26 to 40 dB HL (ASHA,
n.d.). With this degree of hearing loss, the individual should be able to hear most of what is being
said in a quiet environment when speech is presented at normal conversational levels but can
show difficulty following and participating in a conversation when in noise (Olusanya, Davis, &
Hoffman, 2019).
Moderate hearing loss thresholds are classified as 41 to 55 dB HL (ASHA, n.d.) and
individuals with this degree of loss have difficulty hearing normal conversational speech in quiet
as well as difficulty hearing and participating in conversations in noisy environments (Olusanya,
Davis, & Hoffman, 2019). The moderately-severe classification occurs between 56 to 70 dB HL
(ASHA, n.d.) in which the individual can hear loud speech in quiet but would be unable to hear
normal conversational speech in quiet and would also have great difficulty hearing and
participating in conversation in a noisy environment (Olusanya, Davis, & Hoffman, 2019). For
those with severe hearing losses, the threshold range is from 71 to 90 dB HL (ASHA, n.d.) and
the individual may be able to hear loud speech directly into their ear but would have significant
difficulty hearing in noisy situations (Olusanya, Davis, & Hoffman, 2019). Lastly, those with
profound hearing losses have thresholds between 91 dB HL or greater (ASHA, n.d.). These
individuals have great difficulty hearing even at loud conversational levels and cannot hear any
speech when in noise (Olusanya, Davis, & Hoffman, 2019). It should be mentioned, when
assessing hearing, in addition to the decibel levels one can detect auditory input, information is
also obtained regarding one's ability to identify or repeat specific stimulus words. This testing is
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performed to obtain information regarding the individual’s speech recognition/discrimination
abilities.
Hearing loss can be affected by laterality, as well. A child may be diagnosed with hearing
loss in both ears, bilateral hearing loss, or solely in one ear, unilateral hearing loss. Unilateral
hearing losses can be of any type (conductive, sensorineural, or mixed) (Dodd-Murphy &
Mamlin, 2002). Importantly, unilateral hearing loss has the potential to cause harmful effects on
speech and language development, sound localization abilities, hearing speech in noise,
educational deficits, and other behavioral issues, (Lieu, 2020; Dodd-Murphy & Mamlin, 2002).
The behavioral issues related to unilateral hearing loss are often, but not limited to stress,
listening exhaustion, and issues with self-esteem (Kuppler, Lewis, & Evans, 2013). Such
treatment options for this laterality of hearing loss can consist of a hearing aid worn on the ear
with the hearing loss (traditional hearing aid) or a contralateral routing of sound (CROS) hearing
aid, FM (frequency modulation) systems (provides direct access to auditory information via a
wireless microphone), bone-conduction hearing aid, or cochlear implants (Schafer & Sweeney,
2012; Lieu, 2020). It has been found these hearing technologies are able to provide favorable
outcomes for students with unilateral hearing loss as they aid in noisy situations like classrooms
and improve sound localization (Kuppler, Lewis, & Evans, 2013).
A common hearing loss amongst children within the school systems are temporary
hearing losses that are attributed to ear infections or other middle ear pathologies. Ear infections
are one of the most common diseases that occur in young children, and while they may resolve
on their own, they can be associated with hearing loss and other life-long issues (Schilder et al.,
2016). Osei et al. (2018) found in their study of hearing loss in identified through school
5

screenings, 60% of the students had a hearing loss due to the presence of an ear
infection/earache. Minimal or seemingly temporary hearing losses, like those hearing losses due
to chronic middle ear infections, can also impact negatively on speech and language
development (Luckner, Slike, & Johnson, 2012). The importance of identifying an ear infection
as early as possible is based on the impact a temporary hearing loss like this can have on
language acquisition.
Children should consistently be monitored for ear infections by medical professionals,
parents, and teachers, especially those children who are prone to ear infections (Schildre et al,
2016). The most common symptoms of ear infections consist of ear pain (otalgia), fever,
vomiting, and presence of middle ear fluid (Kisembo et al., 2018). Fever and pain or discomfort
related to ear infections can often lead to a lack of sleep which can cause irritability, and other
behavioral problems when in the classroom (Danhauer, Johnson, Caudle, 2011). Ear infections
are often diagnosed by the primary care doctor or an otolaryngologist and can be treated for with
antibiotics or monitoring depending on the case (Karunanayake et al., 2016).
In addition to concerns related to one’s ability to detect auditory stimuli, an additional
hearing related challenge that teachers need to be aware of is (Central) Auditory Processing
Disorders [(C)APD]. This refers to the difficulties an individual might have in perceptual
processing of auditory information through the central nervous system, however, these
individuals have a diagnosed normal hearing thresholds on hearing examination (ASHA, 2005).
This disorder may present as one having a poor performance in several of following areas: sound
localization and lateralization, auditory discrimination, auditory pattern recognition, temporal
aspects of audition (as well as temporal integration), temporal discrimination, temporal ordering,
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temporal masking, auditory performance in competing acoustic signals, and auditory
performance with degraded acoustic signal (ASHA, 2005). Despite having normal hearing,
children with (C)APD, often have difficulty understanding speech in noisy environments,
following directions, discriminating with similar speech sounds, which all affect the child’s
ability to function in the classroom when it comes to spelling, reading, and understanding verbal
information/instruction (Bellis, 2004). Once a child is diagnosed with a (C)APD, there are
management and treatment options that are often recommended for the child that are dependent
on the manner the (C)APD presents within the individual (AAA, 2010). Some of the
recommendations consist of auditory training, improved classroom acoustics, assistive listening
systems, instructional modifications from the teacher, etc. (AAA, 2010). There are symptoms of
(C)APD that often present themselves and can be most obvious when the child is in a classroom
setting. Teachers should be wary of students who have difficulty following oral instructions,
make inappropriate responses to requests, have difficulty with rapid speech, and have difficulty
maintaining attention (Ryan & Logue-Kennedy, 2013).
Due to some of the characteristics of (C)APD such as difficulty understanding or
processing verbally transmitted information, children may be mistakenly labeled as having
attention deficit disorder (ADD) or attention deficit hyperactivity disorder (ADHD) (Bellis,
2004). With this common misconception in mind, teachers play an essential role in helping
identify and appropriately refer children with suspected (C)APD. Teachers often have direct
knowledge of the child’s strengths and weaknesses, can help implement recommendations from
the audiologist, and help monitor the child for any future changes (Ryan & Logue-Kennedy,
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2013). Knowledge of the key identifiers for referral and the treatment options are thus of high
importance for future educators.
Newborn Hearing Screenings & School-Aged Screenings
As discussed in the preceding sections of this paper, individuals with hearing loss will
have varying levels of difficulty hearing based on the severity of their hearing loss. Due to the
essential need to hear to develop speech and language skills and the fact that hearing loss is one
of the most prevalent congenital conditions, hearing screenings are performed throughout
childhood (Korver et al., 2017). Since the official position statement of the Joint Committee on
Infant Hearing (2000), all children born in the United States will have their hearing screened by
one month of age. The infant’s hearing is screened using objective, physiologic measures to
identify congenital or neonatal hearing losses. If an infant does not pass the hearing screening
evaluation, they are referred for further audiological evaluations and medical evaluations which
should occur before three months of age. Once the child is identified with hearing loss, they
should receive intervention from the appropriate providers and treatment methods by the six
months of age.
The intention of the newborn hearing screening is to identify and manage their hearing
loss as soon as possible and to speed up the diagnosis and treatment interventions (Thompson et
al., 2001). Any failure to detect hearing loss in children can result in lifelong deficits in spoken
language acquisition, poor academic performance, and social communication (Matkin & Wilcox,
1999; Harlor & Bower, 2009; Kuppler, Lewis, & Evans, 2013). When the child becomes schoolaged, there are other mandated requirements put into place to monitor the health of the students.
According to the Individuals with Disabilities Education Act, schools are required to locate,
identify, and evaluate all children with disabilities, and this includes those with hearing loss
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(IDEA, 2004). Additionally, many states have laws requiring hearing screenings of infants and
school-age children; often the children are screened in the pediatrician’s office at specified ages
(Hurley et al., 2019).
The purpose of screening is to detect those who have greater odds for having a specific
disease or condition for them to be referred to be evaluated further (ASHA, 1997). The screening
needs to have clear diagnostic criteria, ensure treatments are available and effective, and must
reach those who might benefit from early detection and intervention. Most importantly the
screening test should be easy to administer for the screener, comfortable to take for the student,
short in duration, and inexpensive to administer with performance criteria that is both sensitive
and specific (ASHA, 1997). For a test to be sensitive it needs to correctly identify those with the
disease, while specificity relates to correctly identifying those without the disease (ASHA,
1997). Children under 18 years of age should have their hearing screened to detect any hearing
loss that can impair development, communication, overall health, and thus their education (Osei
et al., 2018). The earlier the child is identified; the earlier appropriate interventions and services
can be provided.
Impact of Untreated Hearing Loss on Children
The impact of untreated hearing loss will be determined by several factors. One
significant factor is if the hearing loss occurred pre-lingually, before language is developed, perilingually, when the child is in the process of learning a language, or post-lingually, after they
have developed spoken language (Northern & Downs, 2014). In the case of pre-lingual hearing
loss, the development of speech and language is affected due to reduced access to the acoustic
information that is necessary to develop these skills (McCreery & Walker, 2017). Access to
sound is imperative for spoken language development as language is driven by perceptual
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experiences with others (McCreery & Walker, 2017). Many studies have shown that within a few
hours of birth, children show obvious preferences for their mothers’ voices over any other voice
which adds to the body of research demonstrating that auditory differentiation begins in the
womb (DeCasper & Fifer, 1980; Mehler, Bertoncini, Barrière, & Jassik-Gerschenfeld, 1978;
Lang, Del Giudice, & Schabus, 2020). Furthermore, within the first few months of life, young
children have been shown to exhibit preferences for the sounds that exist in their primary
language as opposed to speech sounds in other languages (Werker & Tees, 1984; Byers-Heinlein
et al., 2021). For those children with hearing loss, these pre-lingual experiences are often reduced
or have not occurred at all, meaning, the children are at more of a sound deprivation
disadvantage than those children who are developing with normal hearing (McCreery & Walker,
2017).
When a child develops a hearing loss after the pre-lingual stage, it is further classified as
either perilingually acquired or postlingually acquired, often stated as delayed-onset hearing loss,
as well. Perilingually acquired hearing loss occurs within the ages of 1-5 years while
postlingually acquired hearing loss occurs after the age of 5 (Clark et al., 1987). A perilingually
acquired hearing loss directly affects language development as it occurs during the primary
language development years while a postlingually acquired hearing loss occurs after the child
has developed their language skills. The research regarding perilingually acquired loss in
children is limited. This is likely due to the prevalence of perilingually acquired hearing loss
being closely associated with either pre- or post-lingually acquired hearing loss. A study on the
prevalence of delayed-onset hearing loss in Chinese preschool children who passed their
newborn hearing screening previously showed around two percent of children were referred for
10

audiologic assessment (Chen et al., 2012). Of these children, eight percent were identified with
having hearing loss, further implying there is a risk for children to develop hearing loss after
birth (Chen et al, 2012). The earlier the hearing loss is identified the better the outcomes for
communication development, however, not all hearing losses can be discovered at birth (Lu et
al., 2011).
There are many ways in which a delayed onset hearing loss can develop such as the
development of a perinatal risk factor (i.e., congenital cytomegalovirus or extracorporeal
membrane oxygenation) or syndromic causes (i.e., Usher, Pendred, Alport syndromes) (Lieu,
2020). Other occurrences can be due gene-related abnormalities associated with progressive
hearing loss (i.e., the non-syndromic recessive gene like GJB2 or an autosomal dominant nonsyndromic gene like KCNQ4) (Lieu, 2020). Congenital infections such as herpes, rubella, and
toxoplasmosis are another common cause of delayed onset hearing loss observed in children
(Lieu, 2020). These causes of hearing loss can occur after the prelingual stage of development
for children and thus they should be monitored to prevent delays in speech and language
development.
When a child’s hearing loss is untreated, there is great potential for lasting effects on
speech and language development that can truly hinder the child’s development throughout their
life. Children with hearing loss often experience limitations in their access to and perception of
linguistic input (Moeller & Tomblin, 2015). This limitation leads to a deficit in language
development which can affect the auditory-perceptual processes that are a part of the child’s
individual learning experience throughout childhood (Moeller & Tomblin, 2015). For children to
develop spoken language, they are required to have access to the acoustic-phonetic properties of
11

the speech signal (Moeller & Tomblin, 2015). The child’s hearing loss, if left untreated, has the
capabilities to hinder this access, and affect what is learned. This will not only determine if the
child will develop spoken language, but also the rate of that development (Moeller & Tomblin,
2015).
Considering the effects on speech and language, children with untreated hearing loss are
also at risk of hindering other areas of development. As was previously mentioned, any degree of
hearing loss can give rise to poor language development, which in turn can affect other skills
such as literacy, social, and executive function capacity (Moeller & Tomblin, 2015). It has been
found that children with hearing loss often suffer with poorer long-term reading and writing
skills than their normal hearing peers (Werfel, 2017). This research demonstrated that children
with hearing loss, while they were developing their literacy skills, their initial performance in
this study was lower than that of children with normal hearing, and the differences were vast
enough that the children with hearing loss were not able to catch up to their peers (Werfel, 2017).
Additionally, other studies have shown children with hearing loss are more likely to be at risk for
reading and writing difficulties, than their normal hearing peers (Sugaya et al., 2019). The
authors hypothesize this is related to the dysfunction occurring with early-stage sound-encoding
when a child’s hearing loss occurs pre- or perilingually.
Depending on when in development occurs the onset of the child’s hearing loss, there can
be large negative effects to the sound-encoding process of the child’s brain and in turn impact the
reading and writing abilities of these children (Sugaya et al., 2019). However, Pimperton et al.
(2014) suggested better outcomes for reading when the child identified with hearing loss by 9
months of age. It has also been found that when children are exposed to early literacy instruction
12

and intervention, there is a chance in improving their reading outcomes, given the children are
being treated for their hearing losses with appropriate amplification (Runnion & Gray, 2019).
This is important as when children with hearing loss are given the appropriate amplification, they
are more likely to stay on track in their educational development, such as with reading and
writing skills.
The evidence is clear, language acquisition will be impacted in varying degrees by
untreated hearing loss, however, significant behavioral problems have also been observed such
as poor attention and concentration, irritability, and social isolation (Marriage, Brown, & Austin,
2017). Untreated hearing loss has the potential to affect the child in a more dramatic sense by
leading to educational underachievement, which will affect their quality of life such as in terms
of employment in the future and self-satisfaction (WHO, 2016).
Team Involved
Due to the impact hearing and hearing loss have on communication and development, it
is imperative a child with hearing loss receive the appropriate therapies that are recommended
for their specific diagnosis or diagnoses. According to the Individuals with Disabilities
Education Act (Public Law 94-12; IDEA, 2004), schools are required to provide free and
appropriate public education (FAPE) to all students with disabilities. FAPE is intended to
prepare the children, through special education and other related services, for further future
education and employment, with the hopeful outcome of independent living in adulthood
(Northern & Downs, 2014). Additional legislation such as Section 504 of the Rehabilitation Act
of 1973, requires students with disabilities have equal opportunity to receive FAPE and
participate in school where they receive the services and aids that will meet their needs (e.g.,
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special education, speech therapy, occupational therapy, physical therapy, etc.) (Northern &
Downs, 2014). To receive such therapies, each child needs to have a team of professionals
evaluate them for necessary services and develop an individualized education plan (IEP) or a 504
plan.
Through the ADA Title II, an IEP or 504 plan needs to consider the student’s access and
level of communication is as effective as compared to their fellow students (Anderson, 2017).
The IEP team consists of a group of individuals that serve to determine the services needed by
the child to be able to learn to the best of their abilities in the classroom. This team often
determines if amplification use is necessary for FAPE to occur, and if it is deemed necessary,
then it is included in the IEP (Northern & Downs, 2014). The use of consistent amplification and
assistive technologies to ensure effective communication is imperative to provide educational
equity for those students with hearing loss and is a vital component to the child’s IEP (Peters &
Anderson, 2019). Additionally, a report from the Government Accountability Office (2011)
found one out of 100 children with an IEP is eligible for services primarily because of hearing
loss (Anderson, 2016). The goal is for children to have access to education in the least restrictive
environment (LRE) as possible. The LRE is the environment in which a child with a disability
can succeed to their greatest potential in the academic setting as according to their IEP (Northern
& Downs, 2014).
As mentioned previously, in conjunction with the family, a team of professionals should
be involved in the care of a child with hearing loss. These professionals aim to have the child
meet their milestones and share the common goal of equipping the child with the skills needed to
be able to attend and succeed in the LRE within the school system. The collaboration between
the family and the professionals involved are essential to help manage the hearing technologies

14

the student uses and to be able to help support the student in the mainstream classroom
environment (Borders et al., 2016). The team of professionals that are typically involved in the
child’s care often include but are not limited to the audiologist, educational audiologist, speech
language pathologist (SLP), special education teacher, paraprofessional, and in some cases a
teacher of the deaf (TDHH).
The audiologist has an important role as they both diagnose the hearing loss and ensure
that the hearing devices are appropriately and optimally fit to the child. The audiologist may
perform aided testing and relevant speech testing conditions (i.e., realistic classroom acoustics
scenarios) to measure communication access (Anderson, 2016). The major student need that is of
relevance for the audiologist fitting the amplification is ensuring access to auditory information
that is necessary for effective communication. This role is separate from the educational
audiologist who is often hired by a school district or region to monitor all children with hearing
loss in the school setting. The educational audiologist is a specialist that ensures the child’s
hearing does not become a barrier to their learning through their education and personal lives
(Northern & Downs, 2014). This is conducted through monitoring each child with hearing loss
more closely in the school setting to check that they have access to sound throughout the day and
coordinate the use of support services as well (i.e., amplification systems, preferential seating,
classroom modifications, etc.).
One of the most recommended support or therapy services for children with hearing loss
are speech and language therapies. The role of the speech language pathologist is to help prevent,
assess, manage, and diagnose speech, language, communication, and swallowing disorders for
those in need (Borders et al., 2016). For the child with hearing loss, the speech-language
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pathologist provides the speech and language support the child with hearing loss needs to meet
their communication goals, as well as their reading and writing goals.
Additionally, many students with hearing loss are receiving the services of a special
education teacher and/or a paraprofessional. The special education teacher assesses the behaviors
of the individual that can have an adverse effect on their ability to function (Borders et al., 2016).
These individuals are largely responsible for identifying and managing the challenging or
disruptive behaviors that can impact the student, especially in the classroom. Contrastingly, a
paraprofessional is a special education provider that is not licensed to teach the child; however,
they are able to perform tasks to better help an individual or group of students function in the
classroom (Borders et al., 2016). The paraprofessional is often essential to the student as they can
provide one-on-one assistance for the child.
In some cases, a school district may hire, or the child may be taught by, a Teacher for the
Deaf and Hard of Hearing (TDHH). The TDHH is trained through their formal education to work
specifically with students with hearing loss in the classroom setting. The TDHHs are trained to
provide multiple means of communication to ensure effective and accurate instruction (Luckner
& Dorn, 2017). With this responsibility, there are also aspects of collaborating with other
professionals on the child(ren)’s care team(s), working to ensure that the IEPs have personalized
and appropriate goals to meet each student’s needs. Additionally, they also conduct progress
monitoring, and should be abreast of technological changes in the field of hearing assistive
technology (Luckner & Dorn, 2017). Despite the significant challenges of this work, it has been
found that 89% of TDHH are satisfied with their jobs stating a large majority of the teachers
appreciate the importance and challenge of working with these students to be a source of their
job satisfaction (Luckner & Dorn, 2017).
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In some school districts, the student with hearing loss may paired with both the TDHH
and a mainstream education teacher. According to the U.S. Department of Education (2009)
approximately 87% of students with hearing loss spend part of their day in a general education
classroom. Due to this, TDHH and the mainstream education teacher need to communicate to
provide an optimal educational experience for the student with hearing loss. This relationship is
essential as it allows for the mainstream education teacher to learn about best practices to help
their students with hearing loss. Some simple strategies that can be employed by the
mainstreamed education teacher are pre-teaching and re-teaching of vocabulary and other
academic concepts, incorporating visuals to help support auditorily-relayed academic content, be
wary of providing extra clarification of topic, and ensuring eye contact with the student with
hearing loss when talking to them (Borders et al., 2016). The collaboration between all the
professionals involved allows for the child with hearing loss to succeed to the best of their ability
in the classroom setting.
Hearing Devices and FM Systems
Adequate access to hearing is essential for children to develop their speech and language
skills, and for those with hearing loss, amplification gives them that access. After children are
identified with hearing loss, the next step is deciding how the child will learn to communicate
with their hearing loss. If it is decided that the parents would like to pursue amplification to treat
the hearing loss, and allow for access to spoken language, usually the first technology used are
hearing aids. Hearing aids provide acoustic sound stimulation to the individual through three
basic components: a microphone, amplifier, and receiver (Northern & Downs, 2014). Speech and
other sounds are picked up from the environment by the microphone, which changes the acoustic
sound energy to an electrical signal that is digitally processed. The signals are then passed
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through the amplifier where the signal is enhanced and increased for the individual’s hearing
loss. This amplified sound is sent through the receiver where it is lastly converted back to
acoustic sound energy to be sent through the individual’s ear (Northern & Downs, 2014). Most
children and even some adults wear a custom made earmold that couples to their hearing aid.
The earmold is important for pediatric patients as it holds the hearing aid in place in the ear well
while the ear is still growing and allows for the sound to be correctly amplified in their ear
(Dillon, 2012).
With the use of properly fit hearing aids, it has been found if the child has been identified
with hearing loss and treated before they reach three months old, they are more likely to have
increased speech intelligibility and improved language outcomes than those who were later
identified (Zhang et al., 2020). With consistent use of the hearing aids, and the proper therapies
provided, these children with hearing loss can develop spoken language.
Bone-conduction devices are another common hearing technology found in pediatric
patients. Bone conduction devices are implantable (or are used on a headband before surgery)
and work through bypassing the outer and middle ear, to directly stimulate the inner ear by
means of mechanical vibrations (Röösli, Dobrev, & Pfiffner, 2021). For cases in which this
device would be recommended, the child would have a normal hearing inner ear, but a blockage
or anomaly that would prevent the sound from traveling through the outer and/or the middle ear
to send the signal to the inner ear and then up to the brain. This type of device is also used for
those children with severe to profound unilateral hearing losses. Common disorders this device is
recommended for include craniofacial abnormalities (Treacher Collins syndrome), conductive
hearing loss, chronic otitis media associated with a permanent hearing loss, single sided
deafness, etc. (Hagr, 2007; Brodie, Smith, & Ray, 2018). There is an FDA recommendation to
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implant a bone-anchored hearing device after the age of five because of complications that can
arise with bone growth and young children, however before the age of five children can use these
devices on a soft band or headband provided by the manufacturer of the device (Borders, et al.
2016).
For those children with significant hearing losses that hearing aids do not provide enough
of a benefit, a cochlear implant is posed as the next treatment option to the parents. A cochlear
implant differs from a hearing aid as this is another version of an implantable device, however it
uses electrical current to produce the stimulation of hearing, rather than the acoustic information
that hearing aids provide (Mudry & Mills, 2013). Cochlear implant technology has changed
significantly over the last 50 years. When the technology was originally introduced (1965-1975),
it was an experimental period, but it was a period that was able to establish the ability of using
electrical stimulation to send sound directly to the auditory pathways of the inner ear (Borders et
al., 2016). Cochlear implants are often used to treat those children with severe to profound
hearing losses where hearing aids cannot provide enough benefit. In the U.S., children can be
implanted with a cochlear implant as early as 9 months of age, but most importantly, they need
to have been using appropriate amplification and show a lack of auditory skill development,
before continuing with a cochlear implant evaluation (Anne et al., 2021). The number of students
using hearing aids has remained constant from 2000-2015, however the number of children
implanted has significantly increased since (Borders et al., 2016). As there is a growth of
cochlear implantation use in children as a treatment option for hearing loss, there is a greater
likelihood for general education teachers to be exposed to such hearing technology within their
careers.
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A less commonly found treatment option for children with hearing loss is an auditory
brainstem implant (ABI). An ABI is an implantable device along the auditory brainstem and is a
treatment option for children with a non-functioning auditory nerve to provide access to sound
stimulation through direct stimulation to the brainstem (Borders et al., 2016). Those individuals
who could not benefit from amplification or cochlear implants may be candidates for this device.
(Borders et al., 2016). This is not a common treatment option for many patients and there is
debate regarding the effectiveness of ABIs. Some evidence has indicated good benefit in
auditory perception and speech/language outcomes for the pediatric populations (Yousef et al.,
2021). Contrastingly, there are others who believe the opposite is true, as well as poor balance
abilities to be attributed to these devices (Ertugrul, et al., 2021).
While hearing technologies such as the ones mentioned above allow students more access
to sound in all listening situations, including the notably louder environment within the
classroom, listening challenges still exist due to distance from the speaker, background noise,
and reverberation. The various hearing technologies discussed all are impacted by challenges due
to hearing in adverse listening environments. To compensate for these challenges, a frequency
modulation (FM) system is recommended to be used. It is often assumed that once a child with
hearing loss is given their hearing technology(ies), that they can hear and function well just as a
normal hearing child would. This is not the case as children with hearing loss demonstrate a
greater listening effort to clearly perceive, which leaves fewer cognitive resources to
comprehend the meaning, much less integrate the information into long-term memory
(Anderson, 2016). FM systems, however, can provide access to auditory information for those
with hearing loss close to that of their fellow peers with normal hearing sensitivities (Schafer &
Sweeney, 2012). Moreover, FM systems are important as they improve the signal-to-noise ratio
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at the level of the student to provide the least restrictive learning environment as possible which
is the goal for mainstream education (Schafer & Sweeney, 2012).
There are two types of FM systems, personal and soundfield. Both devices consist of a
transmitter with a microphone worn by the speaker (teacher). The difference lies in that a
personal FM system has a receiver that directly connects to the child’s or multiple children’s
device(s) (Schafer & Sweeney, 2012). A soundfield FM system, which is a wall-mounted
system, allows for the entire area or room to be amplified, giving access to increased sound
amplification to everyone in the room and connect directly to those hearing technologies
connected. (Borders et al., 2016). There are notable benefits to using personal FM systems
(Schafer, 2012). While both systems provide a more consistent signal to the listener’s ears,
personal FM systems are portable devices. In other words, all that needs to be changed or
alternated are the transmitters to the different speakers (i.e., can be used by the speech therapist
in another room, and brought back for the general education teacher in the main classroom).
Another positive is the ability to set multiple receivers to different transmitters within the
classroom to be able to listen to more than one teacher. This is very convenient for when the
children become older and transition to various classrooms throughout their school day. Lastly,
the ability to adjust the programming of volume or gain of the device specific for each student
which cannot be completed with a soundfield FM system.
Whether a personal FM system or a soundfield FM system is used there are many
benefits for the student. For one, children with hearing loss that consistently use an FM system in
school are more likely to have higher-level language skills than their peers with hearing loss that
do not use an FM system (Curran et al., 2019). There have also been reports of more student
empowerment, increased attention to what had been said by the teacher, and ease of listening to
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fellow students when talking or reading out loud (Rosenberg et al., 1999). Additionally, teachers
often perceive a decreased vocal strain for themselves, increased student attention, clarity in the
sound quality of the technology, more opportunities for social and instructional arrangements,
and overall increased learning through using FM systems in their classrooms (Rosenberg et al.,
1999). The benefits of these systems do not solely consist of academic benefits. Through parental
reports, it was shown that students’ behavior and attention improved, the teachers were
reportedly heard more easily, and the students were able to become more confident when
speaking when in a group setting (Rosenberg et al., 1999).
FM systems have the capabilities to provide benefits for many different students, not just
those with hearing loss. In the case of a normal hearing child, a small receiver that is worn on the
listener’s (the student’s) ear that does not impact the natural environmental sound is used which
is then paired with the transmitter and microphone that is worn by the speaker (the teacher) at a
safe and comfortable volume (Schafer et al., 2012). The purpose is solely to improve the signal
to noise ratio at the level of the listener’s ear. (Schafer, et al. 2012). The use of FM systems has
been seen to improve academic performance in those with autism spectrum disorder (ASD) and
Attention-Deficit Hyper-activity Disorder (ADHD) (Schafer et al., 2012). Individuals with ASD
and ADHD are highly influenced by sensory information from their environment. For children
with these diagnoses, processing of auditory function is crucial for functioning and learning in
the classroom. Individuals with ASD and ADHD are known to have difficulty functioning in
noisy environments and are prone to distractibility and unresponsiveness to auditory stimuli
when in noisy environments.
Classrooms are some of the most notably noisy environments, and when students have
difficulty processing information in noise, they become at more of a disadvantage when in these
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classroom settings. With the help of FM systems, significant improvements in speech recognition
in noise have been observed for these children. Children with ASD or ADHD, when compared to
typically functioning peers, had poorer than average speech recognition performance in noise
without a FM system. However, when using the FM system, these students performed
comparably to their typically functioning peers. These students were also observed to have a
significant increase in on-task behaviors and teacher reports of improvement of average listening
behaviors when using the FM system.
For children diagnosed with auditory processing disorder (APD) and/or ADHD, while
often diagnosed in school-aged children, the most common symptom of this disorder is having
difficulty identifying or discriminating sounds, especially speech in noise, even with normal
hearing (Dawes & Bishop, 2009). Children with APD often have difficulties in the areas of
academics that involve dichotic listening (i.e., processing speech from more than one speaker),
processing rapid speech, and/or integrating binaural input (Johnston et al., 2009). Additionally,
children with APD have difficulties maintaining attention and concentration, as well as
difficulties with their reading and writing skills (Reynolds, Miller-Kuhaneck, & Pfeiffer, 2016).
To help these students in the classroom, Friederichs & Friederichs (2005) researched the benefits
of using bilateral personal FM systems. Via a questionnaire, it was found that these students
showed improvements in their social behavior and attentiveness as compared to their neurotypical peers of the same age. Johnston et al. (2009) had similar findings, showing children with
APD showed a significantly improved academic performance, less difficulty hearing in the
classroom, improved psychosocial ratings, and improved speech recognition in noise when using
bilateral, ear-level FM receivers. Lastly, children with developmental disabilities have been
shown to have significantly reduced word recognition errors when using a soundfield FM system
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requiring two speakers (Flexer et al., 1990) and attending behaviors showed significant
improvement for those students wearing a body-worn FM system with a headset compared to
those not using a device (Blake et al., 1991).
The previously mentioned hearing technologies can help students in the classroom, but to
provide the perceived benefit to the child, it essential that the devices are used and cared for
appropriately. In most cases, devices such as hearing aids and cochlear implants should be worn
for all waking hours of the day or at least 10 hours a day to obtain the most benefit (Tomblin et
al., 2015). There comes a certain time in a child’s life where most of their waking hours are spent
in school, usually around age four when they begin preschool. This logically concludes that
teachers have a large role in ensuring the children are properly using the devices that are critical
for their language learning and auditory skill development. However, it has been shown that
parents overestimate their child’s use of hearing aids when compared to data logging (the
number of hours per day the child is using the hearing device), which could possibly be due to
the uncertainty with how long these children wear their devices in school (Gustafson, Ricketts, &
Tharpe, 2017). Knowing this, it is important to clarify what the reason these students are not
wearing their devices is.
A trend that was noted in the literature through parental reports was that children with
mild hearing losses had an overestimated hearing aid use time and the same is true for students
with different types and severities of losses but that are in upper elementary school (Walker, et
al. 2015; Gustafson et al., 2015). Walker et al. (2015) found a trend of average hearing aid usage
of 8.24 hours per day for preschool-aged children, and 11.68 hours per day for five-to-sevenyear-olds. It was also found that children whose hearing losses consisted of pure tone averages of
higher than 50 dB HL (greater than a mild hearing loss) wore their technology for an average of
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11.12 hours per day. Interestingly, the maternal education level largely impacted the use of the
hearing technology in children as those whose mothers were college educated were more likely
to wear their technology for 11.28 hours per day (Walker et al., 2013). Other research shows
around 24% of students with hearing loss do not wear their devices in the classroom with grade
level and degree of hearing loss affecting use (Gustafson et al., 2015). It was found that students
with milder losses and those in grades 5-7 were less likely to wear their devices (Gustafson et al.,
2015).
In addition to monitoring consistent use of their devices, teachers are also tasked with
conducting listening checks of the student’s hearing technologies. Listening or device checks are
simple inspections of the child’s devices to ensure they are ready for a full day of listening. Some
research has found that there are children that do not complete any listening checks at home, and
much of the responsibility is reliant on the child with hearing loss to perform the checks (Klein et
al., 2019). If these children are coming into their day of learning without working equipment,
they are not prepared for a full day of listening and thus a full day of learning. This demonstrates
that teachers can play a critical role in helping with the task of hearing device management
simply through conducting listening checks.
Some easy tasks that can be completed during a listening check are ensuring the device is
with the child, that it is on, and that it has a full battery life (if the hearing aid uses disposable
batteries) or is fully charged (if the hearing aid uses a rechargeable battery). A keyway to tell if
the device is on and working can be done by checking to see if the lights are on and cupping the
hearing aid in the hand to listen for a high-pitched feedback sound (Schafer & Sweeney, 2012).
More complex listening checks to ensure the child is hearing from their devices can include
simple listening exercises through repeating auditory only words (no visual cues) while ensuring

25

each device, if there are two, is checked separately (Schafer & Sweeney, 2012). These exercises
can be fun such as asking questions like, “What’s your favorite movie?” or “Tell me your
favorite pizza topping.” They can also be simple such as having the child repeat what is said but
giving them the topic. For instance, the topic could be fruits, and the teacher would repeat
random fruits for the child to repeat back. Another common listening check task is repeating the
Ling6 Sounds and having the child point to what they are hearing or repeat them back. These
sounds or phonemes are [m], [ah], [oo], [ee], [sh], and [s] which are all phonemes commonly
found in speech across a broad range of speech frequencies (Smiley, Martin, & Lance, 2004).
Again, these exercises should be conducted without visual cues, to allow for auditory-only
stimulation.
Often listening checks need to be performed on FM systems as well. It is alike to those
listening checks completed with hearing aids and cochlear implants, again, in order to maintain
daily use and function for the child. Depending on the school district and the particular
circumstances, the FM system may remain in the school or may be brought home by the child.
The device should be charged overnight, and confirmation of device functionality can be
obtained by conducting behavioral listening checks (e.g., Ling6 sounds or questions). The
teacher may document the check of the FM system. If there are any issues with the FM system,
such as a device not working or the need for extra batteries, the educator should contact the
student’s parents or if parental permission is granted in written form, their audiologist directly
(Schafer & Sweeney, 2012). Listening checks need to be performed on FM systems as well. It is
similar to those listening checks completed with hearing aids and cochlear implants, again, to
maintain daily use and function for the child. It is recommended to keep track of when this is
conducted as this may be helpful in the future to the audiologist in addressing concerns. Any
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concerns should be brought up to the student’s parents or their audiologist directly for them to
begin the process of repairing the device or obtaining a loaner device for the child (Schafer &
Sweeney, 2012).
Classroom Acoustics: Background noise, distance, reverberation, SNR, classroom modifications
The vast majority of classrooms in the U.S. use and rely on oral/aural communication
methods for academic instruction and social interaction (i.e., directions are read out loud,
questions are asked to students verbally and often require a verbal response, lectures are
provided verbally, etc.) (Yang & Bradley, 2009). With this method of instruction, the student is
reliant on their own ability to decode and process this auditory information not only correctly,
but at the same/similar rate as their peers (Reynolds, Miller-Kuhaneck, & Pfeiffer, 2016).
Therefore, to ensure each child can adequately hear what is being said, optimal classroom
acoustics are imperative for both students with normal hearing and those students with hearing
loss.
There are many factors within the classroom that can impair a student’s ability to hear
well such as distance from the speaker, reverberation, and background noise, all of which could
impact the signal to noise ratio (SNR). In the classroom, when the distance, or the amount of
space between the speaker (the teacher and or classmates) and the listener (the student), is
minimal, the amount of interference is minimized. As the distance increases, there becomes an
increase in reverberant signals that begin to dominate the listening environment (Crandell &
Smaldino, 2000). Distance of the speaker and the listener can largely affect speech perception as
speech perception will decrease until the ideal critical distance of the room is reached. The
critical distance is the point in the room where the signal of the sound and the reverberation of
that sound are equal. Beyond this critical distance point, the speech perception of the listener can
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decrease significantly which puts the child with hearing loss at more of a disadvantage due to
their already significant speech perception difficulties (Crandell & Smaldino, 2000). Simply put,
to decrease the distance of the teacher and the student will allow for an increase in speech
understanding.
Reverberation can be a great contributor to poor classroom acoustics. The effects of
classroom noise are amplified due to reverberation which is the longer presence of a sound due
to the reflection of the sound off hard surfaces like desks, floors, and chairs (ASHA, 2005).
Reverberation affects consonant perception as well as it causes a prolongation of the spectral
energy of the vowel sounds. This prolongation is detrimental to speech perception because it
masks the preceding consonant sounds in the word, especially those words in the final position
(Crandell & Smaldino, 2000). Additionally, the effect of both noise and reverberation present in
a classroom setting can cause up to a 40-50% reduction in speech perception (Crandell &
Smaldino, 2000). The negative effects of reverberation are often able to be mediated and will be
discussed later.
Background noise is defined as any unwanted auditory stimuli that can interfere with
what the student wants or needs to hear and understand (Crandell & Smaldino, 2000). It can be
comprised of external noise that is originated outside of the building, internal noise that is
originated inside of the building, and room noise that is generated within the classroom (Crandell
& Smaldino, 2000). This acoustical factor can affect a child’s ability to perceive speech due to
masking of acoustic and linguistic cues of the speaker’s speech. Moreover, background noise can
impede on the student’s ability to perceive consonants in the classroom setting and it is known
that there is less spectral energy used for consonants than for vowels in speech. This is a
detriment because even small decreases in consonant perception can significantly impact the
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listener’s speech perception due to most of the speech understanding relying on consonant
perception. (Crandell & Smaldino, 2000).
Increased background noise in the classroom is also considered as an effective masker for
good speech perception by the listener largely due to the background noise consisting of other
students speaking. The spectral content of the desired signal (the teacher’s voice) is spectrally
alike to the background noise (fellow peers’ voices) which causes great decreases in speech
perception for the listener (the student) (Crandell & Smaldino, 2000). Another source of masking
in the classroom are the low-frequency noises that run consistently throughout the classroom
(e.g., air conditioners, faulty lighting systems, etc.). Since these low-frequency noises are often
continuous, they make for excellent maskers as they effectively decrease the spectral-temporal
information that is available from the speech signal for the listener to interpret (Crandell &
Smaldino, 2000).
It is important to acknowledge there are two classes of noises that can affect the
audibility of the classroom. Internal noise can consist of competing speech from other students
speaking, closing of books, rustling of papers, moving chairs, moving students, etc. and is often
easier to remediate (Schafer et al., 2012). However, a more difficult noise to decrease would be
external noise which can consist of lawn equipment, street traffic, playground noise, sounds from
the hallway, other classrooms, etc. (Schafer et al., 2012; Reynolds, Miller Kuhaneck, & Pfeiffer,
2016). The awareness of different factors that can impact background noise can at least allow for
the teacher to understand where to try to remediate. Again, decreasing the background noise
could have positive impacts on speech understanding for the students, especially those with
hearing loss, in the classroom.
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These three main acoustical factors, distance, reverberation, and background noise can all
have a drastic impact on the SNR of the classroom. The SNR of a classroom is the background
noise level of the classroom in decibels subtracted from the sound level of the teacher’s voice in
decibels (Acoustical Society of America, 2000). Greater SNRs mean the teacher’s voice is louder
than the background noise and, therefore, there should be increased speech intelligibility. When
the SNR is smaller or even negative, there is less of a chance for good speech intelligibility. This
negatively impacts the listener as the teacher will be harder to understand (Acoustical Society of
America, 2000).
It has been reported when the SNR of the classroom is below to +10 dB, speech
intelligibility is significantly degraded for all children, especially those with hearing loss
(Acoustical Society of America, 2000). It is recommended for children with hearing loss to have
at least a +15 dB SNR to have an opportunity for better speech intelligibility of the teacher yet
typical classrooms often have a signal to noise ratio ranging from -17.6 to +5 dB SNR
(Acoustical Society of America, 2000; Sanders, 1965; Saravanan, Selvarajan, & McPherson,
2019; Wang & Brill, 2021). Another important factor when discussing optimal classroom
acoustics is the relationship between the intensity of the signal (the teacher’s voice) and the
intensity of the background noise at the level of the child’s ear (Crandell & Smaldino, 2000).
Taking the important steps needed to remediate the potentially poor acoustics of a classroom will
help all those students, especially those with hearing loss, to have access to the important
acoustic information within the classroom setting.
Signs of Not Hearing & Referrals
Teachers can play an essential role in identifying the signs of children not hearing.
Importantly, noting these specific signs and behaviors that are imperative for effective classroom
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learning. There are many symptoms, both physical and behavioral, that can be considered as a
sign of a child not hearing optimally, which would give cause to a teacher to make a referral for
an audiological evaluation. Some physical symptoms of hearing loss can consist of frequent
earaches, colds, draining ears, mouth breathing, complaints of ringing/buzzing/sounds in the
ears, or dizziness, it is important for teachers to take action to get the student a hearing
evaluation (Dodd-Murphy & Mamlin, 2002).
Often the symptoms of hearing loss may not appear as obvious and present in a
behavioral manner. Some behavioral symptoms of hearing loss can include decreased academic
performance with the changing of more complex material in the classroom, decreased academic
performance after a serious illness (such as bacterial meningitis), inattentiveness, frequent
requests for repetition, inappropriate responses to questions/instructions, social withdrawal, and
recently developing speech issues (Dodd-Murphy & Mamlin, 2002). If any student in the
classroom presents with one or more of these symptoms (either physical or behavioral), they
should be referred for an audiological evaluation. It is recommended the teachers inform the
parents and suggest the child have an audiological evaluation, even if they have already had a
hearing screening. This recommendation is increasingly important, especially if these concerns
continue to arise and no changes in the classroom are observed. The recommendations following
the audiological evaluation are often based not only on the results of direct testing, but also
through functional assessments such as classroom observation, and teacher, parent, and child
input as well (Dodd-Murphy & Mamlin, 2002).
Self-assessments as well as teacher assessments are often used for children with hearing
loss to better gauge how the child with hearing loss is functioning. For instance, the Children’s
Home Inventory of Listening Difficulties (CHILD) is a self-assessment that can be used with
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elementary aged students to assess their functioning pre and post amplification use, determine a
need for assistive listening device usage in home, assist in identifying listening strengths/nonstrengths before transitioning to school setting, and can help advocate for assistive classroom
hearing technologies (i.e., FM system) (Anderson & Smaldino, 2000). Another self-assessment
commonly used is the Children’s Auditory Performance Scale (CHAPS) which assesses child’s
auditory performance in six different listening conditions and the child is scored as either normal
or at-risk, they are then referred for central auditory processing disorder testing (Smoski, Brunt,
& Tannahill, 1998).
A popular assessment that is completed by the teacher is the Screening Instruments For
Targeting Educational Risk (SIFTER) where the teacher fills out the required information and
sends the results to the educational audiologist or TODD. This questionnaire assesses student’s
ability to perform in the classroom within five different areas: academics, attention,
communication, class participation, and school behavior (Anderson, 1989; Johnston et al. 2009).
Additionally, a functional assessment that allows both the parents and teachers to provide
information about a child is the PEACH/TEACH (Parent’s/Teacher’s Evaluation of Aural/Oral
Performance of Children). This assesses the functional ability of the child with hearing loss via a
structured interview and helps further assess the child’s hearing aid use, loudness discomfort,
communication in quiet and noise, phone use, and environmental sounds (Ching & Hill, 2007;
Dillon, 2012). The goal with using self and teacher assessments is to provide a better
understanding of the child’s and the teacher’s points of view of the student with hearing loss’
performance in the academic setting.
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For children with hearing loss and other auditory-related symptoms to be adequately
cared for in the school setting, future teachers need to be educated on proper device
management, optimal classroom set-up, and the ability to notice common signs of not hearing.
Objectives
This current research seeks to establish the knowledge levels of undergraduate education
majors at Brooklyn College with regards to hearing assistive technologies, optimal classroom
acoustics, and signs of not hearing. Additionally, the intent is to utilize the results of a
comprehensive literature search and this study to create a comprehensive guide for future
educators; Hearing Loss: A Tool for Educators.
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METHODS
Subjects
Subjects were undergraduate education major students enrolled in the Communication
Sciences and Disorders (CASD) 1114: Introduction to Speech, Language and Hearing Disorders
course offered at Brooklyn College. There were three sections of each course and 44 students in
total that completed both surveys for a total of 88 responses (pre and post) to be analyzed.
However, 12 responses were not included in the analysis because they could not be tied to any
one individual responder as a pre and post analysis and were thus not included in the results. The
lecture and survey were initially meant to be administered in-person but due to covid
precautions, the lecture and surveys were administered online. Approval for data collection was
obtained from the The Graduate Center, City University of New York (CUNY) Institutional
Review Board and informed consent was obtained from all participants. Participation was
voluntary and unpaid.

Survey
Each student was given a link to a survey pre and post a Zoom lecture that covered
(hearing assistive technologies, optimal classroom acoustics, signs of not hearing, as well as
general information regarding overall hearing loss) during the class meeting time. If they opted
to participate in the survey, they were given the first ten minutes of the class period to answer the
ten survey questions.
The first question of the survey asked the students to supply the last four of the student
ID numbers to remain anonymous but keep the data trackable through pre and post survey
results. Students who supplied only one set of access code numbers were not counted from the
results for between subjects’ design but were considered for the within subjects’ design. The
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second question asked whether it was the first or second time the individual took the survey to
determine the order in which the students took the survey. This made for a more concise method
to analyze pre and post data for each participant and for the study. Each remaining question of
the survey was regarding topics covered during the synchronous lecture. The pre-and postlecture survey questions were identical. This was conducted to have a more reliable measure of
the prior knowledge of each student and to assess what each student was able to recall from the
information presented during the lecture.
Following the Zoom lecture, students were asked to complete the post-lecture survey.
Although it took the participants on average four to five minutes to complete the survey, there
were a few students that look longer than five minutes to complete the second survey.
A pilot survey was conducted with five participants pooled together from the advisor of
this project, Dr. Dorothy DiToro. The participants answered the pre-lecture survey, attended the
lecture, and were asked to complete the post-lecture survey as well. This pilot group was
important to the study to understand the aspects of timing for the instructor, but also the length of
time required to complete both surveys. The participants provided input to the researcher at the
end of the mock presentation stating the presentation was well done, but the rate of speech of the
instructor needed to be slower. The responses were not included in the final statistical analysis of
the study.
Lecture
The class lecture discussed the topics of classroom acoustics, signs of not hearing, and
hearing assistive technologies in terms judged to be at an appropriate level by the instructors of
these courses and an experienced faculty member who has taught undergraduates within the
department for over ten years. The synchronous lecture was presented via Zoom and lasted
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approximately 60 minutes. The lecture covered topics such as what is an audiogram, types of
hearing loss, hearing aids, cochlear implants, FM systems, and aspects of Deaf culture. The
lecture was designed to incorporate a general understanding of audiology and hearing that would
make for a more complete background knowledge basis for the undergraduate education major
students. This lecture was adapted from the original lectures previously taught in past semesters
by adjunct instructors. The lecture for this semester, however, included additional topics that
based on a comprehensive literature search were deemed beneficial for future teachers to have
knowledge of such as hearing assistive technologies, signs of not hearing, and optimal classroom
acoustics.
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RESULTS
Mean score for the analysis of this data was 5.56, median 5.50, with a standard deviation
of 1.86. There were 10 items that were considered in the pre-test analysis with a total of 54 test
takers (n=54). This includes the participants that did not take the post-test, (n=2). Many
participants (74.9%) scored between a 40-70% correct on the pre-test. While 9% scored between
10-30% correct, and 12.5% scored between 80-100% correct. A Cronbach’s Alpha test of
reliability, a measurement of internal consistency was performed. The Cronbach’s Alpha of
0.481 yields moderate internal consistency. As can be seen by Figure 1., respondents scored
below 50% on questions 2, 5, and 7. For question 2, (“What is the signal to noise ratio (SNR)
required for children to optimally hear and understand speech?”), 18.5% of respondents scored
correctly on the pre-test (“SNR of 15”), however, the majority of participants (66.7%) chose
answer choice “B” (“SNR of 5”) for that question (Figure 2.). This also occurred for question 5
(“There are between _ in 1000 children diagnosed with permanent hearing loss each year”),
where 38.9% of respondents scored correctly (“1-6”) on the pre-test, and a large portion of
respondents (35.2%) chose answer choice “B” (“1-3”) (Figure 3.). For question 7 (“Which of the
following is not a sign of an ear infection?”) 20.4% of respondents scored correctly (loss of
balance) on the pre-test and many participants (40.7%) chose answer choice “C” (“loss of
energy”) (Figure 4.).
Contrastingly, for questions 4, 8, and 9, 70% or greater of the respondents scored correct
on these questions during the pre-test. For the remaining questions in the survey, 39-60% of the
respondents scored correctly. When looking at these pre-test scores, it is evident that most of the
questions asked to the respondents were answered correctly on the pre-test. Given that the
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sample was then subject to a lecture regarding the material, there is limited room for
improvement in individual question scores post-lecture. This was noted when analyzing the
results further.
During the post-test analysis, a mean of 7.48, median 8.00, with a standard deviation of
1.588 were found. There were 10 items that were analyzed with a total of 46 test takers (n=46)
for the post-test. This also includes the participants that did not take the pre-test, (n=10). Most
participants (54.5%) scored between 80-100% correct on the pre-test. While 6.7% of participants
scored between 30-40% correct and 19.6% of participants scored between 50-60% correct. The
Cronbach’s Alpha of 0.354 yields moderate internal consistency. As can be seen by Figure 5.,
respondents scored below 50% on questions 2 and 7 during the post-test. These were two of the
three questions that many respondents did not score correctly on in the pre-test (questions 2, 5,
and 7 were commonly incorrect in the pre-test). For the remainder of the questions in the survey,
~60% or higher of the participants scored correctly.
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DISCUSSION
This lecture and these surveys were taught and administered through online learning
capabilities using live webcam access via Zoom.com. During these unprecedented times, online
learning has become a staple of education across the globe and the impact a virtual lecture had
on the participants of this study cannot go unmentioned. This concern is especially notable for
the aforementioned data collection as the college where this data was obtained did not require
students to keep their cameras on during lectures or during assessments. Additionally, no class
credit was obtained for participating in this survey or listening to the lecture. Despite the
challenges of delivering this study online as opposed to the original research design of a face-toface experience, the value of the pre-test results demonstrating such a significant lack of
knowledge on hearing related topics that are essential to development in the pediatric population
is alarming.
The questions for the survey were chosen to largely cover basic knowledge and
understanding of classroom acoustics, hearing assistive technologies, and signs of children not
hearing as these three topics are vastly important for those students with hearing loss. These
questions were designed to note where the students’ lacked knowledge regarding these important
topics. Through analyzing the results of the survey, it became apparent through the pre-test
questions the topics of classroom acoustics, signs of not hearing, and basic facts regarding
hearing loss were seeming to be weak points amongst these students.
For question 2, “What is the signal to noise ratio (SNR) required for children to optimally
hear and understand speech?”, the topic to this question was regarding optimal classroom
acoustics. The results showed 18.5% of students were able to answer this question correctly
(answer = SNR of 15) in the pre-test. Interestingly, 66.7% of respondents chose the answer
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“SNR of 5”. This is indicative of a weakness in the students’ knowledge of the optimal
classroom acoustics. The same occurred for question 5, “There are between _ in 1000 children
diagnosed with permanent hearing loss each year”, the topic to this question was related to basic
facts regarding hearing loss. The results showed 38.9% of students were able to answer this
question correctly (answer = 1-6) in the pre-test. The second most common answer of 35.2% of
students was the answer “1-3”. This can display a lack of knowledge of a statistic regarding
commonality of hearing loss amongst children. Lastly, for question 7, “Which of the following is
not a sign of an ear infection?”, was geared towards common signs of not hearing amongst
children. The results showed 20.4% of students answered correctly with “loss of balance”.
However, 40.7% of students answered incorrectly with “loss of energy”. The results explain a
need for the understanding of different signs of not hearing amongst children for these future
teachers.
During the post-test survey, the percentages of students getting questions 2, 5, and 7
correctly were still much lower than any other question. The percent correct for question 2 was
37.5% (compared to 18.5% on pre-test). For question 5, the percent correct was 58.9%
(compared to 38.9% on the pre-test). Lastly for question 7, the percent of students getting this
question correct was 42.9% (compared to 20.4% in the pre-test). Most importantly, these
questions were the three lowest scoring questions in both the pre and posttests. This is important
as this stands for information regarding what needs to be explained further to these future
educators.
A basic understanding of hearing assistive technology, signs of not hearing, and optimal
classroom acoustics is imperative for future teachers as they are likely to encounter students with
hearing loss during their careers. The CDC (2020) estimates that almost 15% of school aged
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children (ages 6-19) have some degree of hearing loss. This is important as this stands for
information regarding what needs to be emphasized in further education for these future
educators.
When it comes to hearing assistive technology use, the non-use rate for bilaterally aided
children peaks in kindergarten, third, sixth, and eighth grade; sixth grade being the most likely
grade for non-use of hearing aids and FM system (Peters & Anderson, 2019). The reasoning
behind the common rate of non-use is most often because of social pressure or peer pressure
(Peters & Anderson, 2019). However, this research did find that children who had spent more
time with peers who have also have hearing loss were less likely to reject their personal
amplification use. This has been attributed to positive peer pressure and awareness of the
technology. Additionally, there have been reports of positive teacher perceptions of hearing
assistive technology as beneficial to the students in their classrooms (Nelson, Poole, & Munoz,
2016). Although, it has been argued, students that do not consistently use their FM systems have
teachers who have no or limited knowledge on FM systems (Miranda & Brazorotto, 2018). This
statistic can imply that this lack of knowledge some teachers have about students with FM
systems is prevalent until they have a student that uses these types of hearing technologies in
their own classrooms.
Additionally, Al-Zboon (2019) found special education teachers in Jordan were not
trained on how to use assistive technologies in their classrooms accurately. This was found to
negatively impacted on the teachers’ ability to use these technologies in their classrooms. These
participants also explained they were upset by the lack of availability of resources on assistive
technology within their faculty. This finding was considered through the ideas that either there
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was not appropriate funding for such technologies to provide a background, or that the teachers
were never taught in their previous courses about such technologies (Al-Zboon, 2019). Whether
it is the effects of peer pressure or lack of teacher’s knowledge of the devices, it can be deduced
that further educating future teachers on these types of technology brings better opportunity of
consistent use.
While referring children for appropriate evaluations, such as audiological evaluation, is
well within the scope of practice for teachers and critical to the student’s development, it has
been reported that only a small percentage of teachers feel confident in providing a referral for
students to be evaluated by hearing professionals (Thompson, et al. 2013). Archbold et al.
(2015), indicated in their research that parents reported the referral to discuss hearing aids were
largely based on the recommendation of an audiologist, whereas teachers were not found to
commonly this as a recommendation even if the child presented with their hearing loss
symptoms in the classroom. This is important for the students that develop hearing loss and other
hearing related symptoms in later childhood.
Teachers could serve as referral sources to obtain appropriate diagnostic evaluations and
services for their students. Collaboration with the audiologist, speech pathologist, other
therapists, parents, and the teacher allow for the student to be the most successful since everyone
gathers to share their goals/objectives, academic content, and concerns for the student (Schafer &
Sweeney, 2012). It is immensely important to bridge the gap between the education providers
and audiologists. If the students in need are not being appropriately referred for audiological
services, the students could be at a major disadvantage both academically and socially for the
remainder of their academic careers.
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The importance of having an optimal listening environment in the classroom setting is
shown to be important for many students’ learning, however it has been reported that most
teachers do not have adequate knowledge of classroom acoustics and the impact poor classroom
acoustics can have on their students. Ramma (2009) found that most of the participants in their
study (primary school teachers) were unaware of the detrimental effects poor classroom
acoustics can have on speech perception as well as learning. It has been found that the higher the
background noise level of the classroom, the lower the reading scores of the students taught in
that classroom (Green et al., 1982; Dos Santos, De Souza, & Seligman, 2013; Connolly et al.,
2019).
To help decrease the negative effects poor classroom acoustics, there are some steps
teachers can take to improve the acoustics of their classrooms. For instance, children with
hearing loss should be seated near the front of the classroom, often in the middle/front of the
room, away from any noise-producing equipment (i.e., projectors, computers, air vents/air
conditioners, doors, windows) (Schafer & Sweeney, 2012). The improved distance between the
teacher and the student allows for increased speech perception abilities (Crandell & Smaldino,
2000). Other recommendations for teachers include the teacher confirming the child’s
comprehension of the message with a secret hand signal, supplementing spoken instruction with
written instructions, designating a student note-taker to ensure nothing is missed, using
classroom management strategies to quiet the room (i.e., hand goes up, mouths are closed, or
flashing the room lights) (Schafer & Sweeney, 2012).
To improve the physical acoustics of a classroom, the teacher, commonly with the help
from school administration, can add carpeting/rugs to hard floor surfaces, drapes/cork boards to
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the walls and soft tips to chairs/desk legs, all to help dampen the sound of the room for the
student with hearing loss to have access to a better signal to noise ratio (Schafer & Sweeney,
2012). These small changes to the classroom can have large effects on the audibility of the
classroom for all students, especially those with hearing loss. As previously mentioned, Ramma
(2009) found current teachers do not have this knowledge basis regarding the harmful effects of
poor classroom acoustics on children with hearing loss. The author explains adequate teacher
training on the consequences of poor classroom acoustics needs to be addressed as well as
refresher courses for those current teachers to help them all better manage their classroom
acoustics.
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CONCLUSION
Through surveying the undergraduate education students, it was determined the need for
a solid background informational course or lecture is imperative for the benefit of future
educators and their students. It was found there were some undergraduate students who had a
knowledge base of some of the topics of hearing assistive technologies, classroom acoustics, and
signs of not hearing, but most students needed further education regarding these topics. Though
this lecture was conducted through online learning, future researchers could target the same
topics within a course of undergraduate students through in-person learning. Other future
directions of this research may focus on the knowledge of this population in other aspects of
audiology/hearing sciences, a comparison of undergraduate to graduate education majors to fulltime teachers, or even broaden the research to other professionals who work with children with
hearing loss.

45

FIGURES
Figure 1. Pre-test Score
Question

Percent of Respondents
Choosing Correct Answer

1

61.1%

2: What is the signal to noise ratio (SNR) required for children to

18.5%

optimally hear and understand speech?
3

53.7%

4

75%

5: There are between _ in 1000 children diagnosed with

38.9%

permanent hearing loss each year.
6

53.7%

7: Which of the following is not a sign of an ear infection?

20.4%

8

87%

9

90.7%

10

60.4%

Figure 2.- Question 2: What is the signal to noise ratio (SNR) required for children to optimally
hear and understand speech?

Frequency
Valid

Total

Valid Percent

a.

SNR of 0

5

9.3

b.

SNR of 5

36

66.7

c.

SNR of 15 *

10

18.5

d.

SNR of -5

3

5.6

54

100.0
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Figure 3.- Question 5: are between _ in 1000 children diagnosed with permanent hearing
loss each year

Frequency
Valid

Valid Percent

a.

1-2

6

11.1

b.

1-3

19

35.2

c.

1-6*

21

38.9

d.

1-10

8

14.8

54

100.0

Total

Figure 4.- Question 7: Which of the following is not a sign of an ear infection?

Frequency
Valid

Total

a.

The child is not responding to their name.

b.

Itching/pain in ears

c.
d.

Valid Percent

15

27.8

6

11.1

Loss of energy

22

40.7

Loss of balance*

11

20.4

54

100.0
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Figure 5. Post-test Score
Question

Percent of Respondents
Choosing Correct Answer

1

71.4%

2: What is the signal to noise ratio (SNR) required for

37.5%

children to optimally hear and understand speech?
3

62.5%

4

64.3%

5: There are between _ in 1000 children diagnosed with

58.9%

permanent hearing loss each year.
6

62.5%

7: Which of the following is not a sign of an ear infection?

42.9%

8

69.6%

9

80.4%

10

67.9%
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APPENDIX
Appendix A. Hearing Handout for Undergraduate Education Majors
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