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The Cascading Impact of Hearing Loss 
Fragmented Hearing -> Effort -> Listening Comprehension -> Fatigue -> Pace of Learning 

 
Hearing loss is invisible. Someone observing a student with hearing loss may believe that he or she has an 
attention problem or a learning disability as hearing loss can also impact perceiving, language processing, 
processing speed, memory and attention. Unlike ADHD or LD, learning issues caused by hearing loss are 
not due to a disorder (an issue with brain processes). Instead the learning issues are secondary to delays 
because the child has incomplete access to speech occurring around him or her, especially soft speech or 
completely understanding someone talking from a distance further than 3-6 feet. 
 

Fragmented Hearing 
Our educational system is based on the assumption that students in the 
classroom will perceive, and therefore understand, all of what the teacher is 
saying. When much information received in school is fragmented because 
of hearing loss, learning consequences are likely. Even with the latest 
hearing technology, normal hearing ability is not restored by hearing 
devices. Even aided thresholds of 20 dB HL will cause the soft speech, the 
high pitch speech sounds and unemphasized brief words to be undetected 
or too quiet to process. It is not unusual for children with hearing loss to 
have a 20% ‘listening gap’ as compared to class peers who may miss only 5% 
of information1. The image shows a story about Fran the frog who has a sore 

throat. As you can see, comprehending the meaning of the story is impacted when 20% of the information 
missing.  Even if a child is able to perform well in a quiet setting using hearing devices, a classroom 
setting is typically noisy, with fast-paced peer-to-peer conversations and teachers that move about the 
classroom, causing significant listening challenges. 
 

Increased Effort 
Effort refers to the exertion of physical or mental power. Listening effort refers to the attention necessary 
to understand speech. Ease of listening is the perceive difficulty of the listening situation by the listener.  
 
Research on persons with typical hearing2-4  found that considerable listening effort is required when 
listening at noise levels typical of the school classroom. In low noise, being able to watch the speaker 
improves speech understanding and reduces listening effort. In high noise using both watching and 
listening results in greater effort to understand speech. Listeners who are better speechreaders benefit 
more from visual cues than those that are poor speechreaders, however, processing visual cues requires 
cognitive resources. Listeners with sufficient cognitive resources (like working memory capacity) can make 
use of speechreading to reduce listening effort.  Without enough processing capacity listening effort 
increases and speech recognition is slower when a child is both listening and watching the speaker.  
 
We can assume that children with hearing loss work harder to listen and use 
more cognitive resources to understand speech in the classroom when 
compared to class peers because even low noise in the environment will 
interfere with their speech understanding. It has been assumed that 
speechreading will help children to compensate for what is missed due to 
fragmented hearing. These research results make it clear that this is only 
true IF a child is a good speechreader AND he has typical or better working 
memory capacity. Working memory research5 found that noise can impact 
both long- and short-term memory for children. Therefore it is important to assess speechreading ability 
(i.e., Functional Listening Evaluation) and the memory capacity (in quiet and noise) of students with 
hearing loss (i.e., Test of Auditory Processing Skills – TAPS-3). Read further for more information on 
working memory. 
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Additional research6 found that extracting speech in the presence of high levels of background noise 
reduces the listener’s ability to mentally rehearse material that was heard so it could be remembered. Use 

of hearing technology with a noise reduction algorithm can free up cognitive 
resources that would otherwise be involved in extracting speech from noise. 
When typically hearing children and children with hearing loss using hearing 
technology with noise reduction algorithms were compared7, it was found that if 
the child with hearing loss was required to do any competing task that there was 
no improvement using the noise reduction technology. When so many cognitive 
resources are expended for listening, there is little capacity left to perform other 
tasks (i.e., notetaking) and digital noise reduction does not improve this ability. 

If a child has a higher cognitive aptitude, then managing listening plus other tasks would be more likely.  
 
To summarize, digital noise reduction technology at this point may not provide any improvement in 
typical classroom listening situations. It may, however, improve performance in very noisy conditions 
such as a child listening in a simultaneous small group cooperative learning situations, a noisy lunch 
room or busy hallway passing times at school, as long as the only expectation is listening.   
 

Decreased Listening Comprehension 
It is assumed that when the teacher is speaking that the students will comprehend what they have heard. 
Listening comprehension abilities of children with hearing loss are typically lower than those of children 
with normal hearing due to the effort used to listen, which decreases the cognitive resources available to 
understand what was heard.  
 
A study8 of typically children’s ability to follow instructions found that children perform better in noise 
than noise plus reverberation, which work together to impact the processing of listening to directions, 
even when students could see the face of the speaker. Smearing of the speech signal from a single person 
talking was no better than if multiple people were talking. When reverberation in the environment is at 
0.6s or worse, it is likely impacting higher level cognitive processes as children with normal hearing try to 
understand the teacher, class discussion or peer communication. Children 
with hearing loss are even more sensitive to the impact of noise and 
reverberation in the environment. Unless the acoustic conditions of the 
classroom are considered, it is likely that they will be impacting the ability of 
the child with hearing loss to follow directions.  
 
The Listening Comprehension Test 2 identifies skills in five areas, comparing 
the student tested to a group of typically hearing and typically developing 
children of the same age. One researcher9 used this test to assess a group of 
children with typical hearing when they were listening in noise. It was found 
that excessive noise affects cognitive processing of information, even for 
children with typical hearing. Children had the greatest difficulty on the 
details, reasoning and understanding messages subtests. Identifying the main 
idea was resilient to interference from noise because the redundancy of 
language throughout the story informs the participant about the main idea. Defining vocabulary, 
especially unknown vocabulary, is dependent upon hearing the unknown word within the context of the 
story. At least half of the children had significant difficulty defining vocabulary. The greatest impact was on 
the subtests requiring higher-order comprehension with younger children performing more poorly than 
older children. Detail recall was impacted due to inaudibility of the entire passage and/or possible 
reduced short-term memory when listening in background noise.  The reasoning subtest requires students 
to generate inferences and conclusions based on what they heard in the story. If details were missed or 
not remembered the reasoning subtest would be very impacted. Finally, the understanding messages 
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subtest requires the child to repeat important information heard during the story; another skill that is 
impacted by listening in noise.  

 
Due to fragmented hearing and extra listening effort, children with hearing loss are 
already more vulnerable than their peers to missing and comprehending 
information – with or without excess noise, even if they have age-appropriate 
language.  Performing the Listening Comprehension Test 2 or the Listening 
Comprehension Test Adolescent will provide valuable information about how the 
student with hearing loss is performing. Using an FM while doing this test will 
provide the student’s best possible listening comprehension performance on these 
higher cognitive tasks.  

 
Another study10 had typically hearing students answer comprehension questions about a story that was 
presented in a lecture format or when parts of the story were presented from locations around the 
student, to simulate listening to classroom discussion. The first finding was that accuracy when repeating 
sentences in quiet or noise (like on a Functional Listening Evaluation) does not predict the true impact of 
classroom acoustics on listening comprehension for lecture or discussion. For 
example, children who would achieve a 95% accuracy repeating sentences in a 
typical classroom listening environment (+7 S/N noise, 0.6s reverberation) 
would perform more poorly under more typical listening activities. Average 
results for 11-year olds when listening to lecture was 80% accuracy and 75% for 
discussion, whereas for 8-year-olds it was 40% and 33% respectively. If the 
noise level was reduced (+10 S/N) the scores for understanding discussion 
improved from 33%/75% to 60%/90% for 8/11 year-olds respectively. Students 
with hearing loss are more greatly impacted by noise and reverberation than 
their typically hearing peers. Even though an FM system will optimize 
listening to a lecture in the presence of excessive noise and reverberation, 
only a good acoustic classroom environment will allow the student with hearing loss to access 
classroom discussion. This study further found that the younger participants (age 8) looked around more 
to aid their understanding during discussion. The surprising result was that most often they were unable 
to visually keep up as the discussion moved from student to student. Furthermore, it appeared as though 
the act of trying to visually track class discussions could actually use up more cognitive resources, 
resulting in reduced comprehension, especially for younger students.  
 

Increased Fatigue from Listening/Processing 
Another area related to effort is the fatigue experienced as a result of difficult listening situations. Fatigue 
refers to the weariness resulting from exertion. Mental fatigue relates to one’s ability to attend or 
concentrate and refers to a general feeling of being tired. A fatigued child is a child who potentially isn’t 
learning at the level he or she is capable of learning. A fatigued child has the potential of failing a grade. A 
fatigued child also has the potential to experience negative social and emotional consequences.  
 
Fatigue and Learning: 

 Often gives up easily as tasks become difficult 

 Has poor frustration tolerance level 

 Has difficulty concentrating on work and reduced productivity in many 
situations 

 Makes careless mistakes 

 Does not show creativity in solving problems 

 Complains of feeling fatigued; falls asleep on the way home from school 

 Does not seem to enjoy activities (especially social and/or in noisy 
conditions) 
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Students who expend more effort learning may decrease their potential to satisfy learning demands and 
thereby feel frustration when the expected rewards for learning as expected are not received.  
  
Fatigue has been associated with poorer ability to maintain attention and concentration, slower mental 
processing, and impaired decision making. There is a connection between increased cognitive 
processing demands when listening to speech in noise and fatigue-related changes in cognitive 
processing ability. Because fatigue has an impact on cognitive processing, it is not surprising that 
recurrent fatigue (which can be caused by the added strain of listening with hearing loss) is associated 
with reduced academic performance in children.  
 
Researchers11-12 examined the question of fatigue in children with hearing loss as compared to age-
matched typically hearing peers completing a standardized measure. Results indicated that even children 
with normal hearing subjectively report fatigue, but the group with hearing loss reported greater fatigue 
on all three subscales (general fatigue, sleep/rest fatigue, and cognitive fatigue). In a second study it was 

confirmed that children with hearing loss exert more effort on listening 
tasks than their typically hearing peers. This was found to NOT be related to 
difference in language ability nor was effort expended greater as the 
hearing loss level increased. Any degree of hearing loss, with or without 
amplification, resulted in greater effort. In the case of this study, the 
students with hearing loss did not rate their level of effort higher than their 
typically hearing peers, suggesting that subjectively asking students about 
effort may not accurately identify the actual level of effort as many of these 

students have never experienced a true easy listening situation.   
 
Children with hearing loss expend more effort when listening than do children with typical hearing 
regardless of the noise condition. The fatigue experienced by children with hearing loss is substantial, 
even when compared to children with other chronic health conditions, such as cancer, diabetes, and 
rheumatoid arthritis. The findings supply the “ammunition” needed for convincing school 
administrators, teachers, and parents that the acoustical learning environments of our students need to 
be addressed.  
 
It is common for audiologists to test speech recognition in the presence of background noise in a test 
booth as a way to predict whether a child is in need of an FM system or other accommodations, in the 
classroom (i.e., Functional Listening Evaluation). The assumption is if a child maintains good speech-
recognition performance under test conditions then an FM system is not needed. This assumption is 
lacking in that it does not take into account the excessive expenditure of effort and the resulting fatigue 
that exists for a child with hearing loss who is using listening to learn in a typical classroom.  Clearly, 
research indicates that the issue of listening in a classroom with a hearing loss is more complicated than 
simple measures of speech-recognition ability. 
 
In the world of business the impact of an effort-reward imbalance on fatigue and 
performance has been studied extensively. It has also been applied to school-children, 
resulting in a set of short questionnaires for those in grades 4-9. The resulting Informal 
Assessment of Fatigue and Learning can help to quantify if there is a learning effort-reward 
imbalance and overall level of fatigue.  
 

Pace of Learning Decreases 
Hearing loss creates barriers to learning in the typical classroom environment and impacts social 
interactions. This invisible barrier typically causes CUMULATIVE learning gaps due to incidental 
learning/overhearing deficits. 
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Historically, most children with hearing loss experienced significant language delays in early childhood to 
prevent them from being ready for school, thus resulting in most being educated in restrictive school 
programs. The advent of newborn hearing screening and early identification of hearing loss has resulted in 
the families of many children with hearing loss receiving intensive early intervention services. A review of 
the collected post-universal newborn hearing screening research14 revealed important outcomes including 
(1) parents expect that early identification and intervention will be sufficient to make their child like a 
hearing child, (2) children who are identified early and receive early intervention have been found to 
demonstrate language development in the “low average” level compared to hearing children, and (3) 
many if not most children with hearing loss who use listening and speaking for learning fail to keep pace 
with hearing peers (even those with cochlear implants). Although we live in a time when the potential of 
children with hearing loss is more likely to be reached than ever before, the reality is that the gains of 
early childhood are often eroded by the challenges of learning in a non-supportive auditory environment.  
 
As a follow up to studies of language development of early identified children with hearing loss who 

received early intervention services, researchers15 
examined the continued trajectory of language 
learning once children entered school. Language 
was assessed every 6 months between ages 4 and 
throughout age 7 for 135 cognitively normal 
children with hearing loss of all degrees from 
English-speaking families. There were 49 cochlear 
implant users and 38 hearing aid users (mild-
profound loss). As the table shows almost half 
(45%) of the children had delayed language at 

school entry and continued to have language delays at age 7. Only 15% of children who had language 
delays closed their gap in language learning by age 7.  None of the children who had profound hearing loss 
and language delays at age 4 closed their gap in language learning. Over 1/3 had typical language at age 4 
and continued to do so at age 7. Finally, of the children who entered school with ‘normal’ language 
development, but the time they were in second grade 10% had noticeable language gaps. Experience tells 
us that the percent of ‘gap openers’ only increases as the curriculum and new vocabulary is introduced at 
a faster pace. As the graph shows, more children with hearing aids were gap openers and more children 
with cochlear implants were gap closers.  
 
We know from extensive studies16 that it is not unusual for a 
child from a home in poverty to have heard 30 million fewer 
words by school age than the child of professional parents. 
This is a growing concern with increasing attention being 
given to educate families of young children, where the real 
difference can be made. Children from impoverished 
families can show language delays by 2 years of age. Pretty 
much, these are the same children with academic delays in 
kindergarten, grade 7 and in high school. So the fact that 
children with hearing loss who enter school with delays 
continue to experience delays is not a surprise. This is why 
there is so much emphasis on early intervention – quality 
early intervention by professionals trained in the impact of 
hearing loss on learning.  
 
The concern for school-age children is that the effects of fragmented hearing on effort, listening 
comprehension and fatigue can be unrecognized by educators who erroneously assume that a good 
start to typical language learning inoculates a child from the learning challenges caused by being 
educated in a typical classroom environment.  
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What can Families Do? 
 

 Be aware of your child’s language abilities compared to typically hearing peers. “Average” is a 

standard score of 85-115. Be sure to look beyond vocabulary to just how well your child 

communicates socially compared to his or her age peers (pragmatic language17 ). 

 Continue to read to your child and stimulate language growth. Refer to 

http://www2.ed.gov/programs/readingfirst/2008conferences/language.pdf for specific ideas. 

 Know how your child performs in the presence of noise. 

o Ask the audiologist to perform a Functional Listening Evaluation.18 

o Provide functional listening information to the school based on your experience and 

observations using the CHILD and Starting School LIFE checklists18 (age 3-12). 

o Perform the Informal Assessment of Fatigue and Learning (grades 4-9) 19 with your child. 

 Request that a measure of auditory memory be performed (digits AND words), such as 

with the Test of Auditory Processing Skills (TAPS-3). 

 Request a more intense look at listening comprehension such as information determined 

by the Listening Comprehension Test 2 or the Listening Comprehension Test Adolescent. 

 Address working memory capacity (refer to following information). 

 Monitor functional classroom performance each fall and spring; add in a check in winter if 

you have specific concerns (i.e., October, January, May). Ask the teacher to complete the 

age-appropriate SIFTER checklist, the CHAPs18 or the LIFE-R20 Teacher Appraisal.  The 

CHAPS and LIFE-R Teacher Appraisal provide a more intense look at functional auditory 

abilities. 

 Be sure that an educator for the deaf/hard of hearing is a part of your child’s education, 

even if only to monitor performance over time and to inservice school staff each fall.  

 Be involved in your child’s education, including having high expectations and advocating 

for needed accommodations, supports and services.  

  

http://www2.ed.gov/programs/readingfirst/2008conferences/language.pdf
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Address Working Memory Capacity 
 

 The capacity to store and process material over short periods of time, referred to as working 

memory. 

 Reasoning is correlated highly with general knowledge; working memory capacity is highly 

correlated with processing speed.  

 Working memory and the awareness of phonological structure may play a crucial role in key 

learning areas for children at the beginning of formal education.  

 Complex working memory skills are closely linked with children’s academic progress within the 

early years of school.  

 Working memory plays a significant role in classroom activities that involve both the storage and 

mental manipulation of information.   

 Memory provides a resource that allows the learner to integrate information retrieved from long-

term memory with information that was just heard.  

 Poor working memory capacities will compromise the child’s attempts to remember what was 

taught long enough for the information to truly be learned.    

 Assessing working memory skills may offer a valuable method to identify children who are likely to 

be at risk for poor school progress.  

 
 
Auditory memory is the ability to remember what is heard. It is importing that children increase the 
length of instructions and understand more detailed conversations over time in class and at home. Some 
children have difficulty remembering information that they hear, such as recalling the sequence or detail 
and the main idea of what is said. Long instructions can pose particular problems.  
 
 
Ideas to help develop auditory memory 

 Information chunking instead of one long direction or explanation. 

 Practice on following increasingly complex directions 

(in quiet and in noise) 

 Focus on doing one thing at a time, not multitasking 

 Practice reading a simple story and then having the 

child answer questions about it  

 Add to the list: I’m going to the moon and I’m going to 

bring a cat. Next person adds one more thing. Keep 

going, trying to remember each thing to bring.  
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Improving Children’s Auditory Memory 
 
Useful tips  
 
Use the child’s name before giving an instruction 
and make sure the child is looking at you before 
you talk. 
 
Let the child know when you are about to give an 
instruction, either verbally or eg: use a signal 
such as a bell in class. 
 
Use simple language. Allow the child time to 
respond. Simplify the instruction by shortening it 
rather than rewording it. Rephrase if the child is 
not understanding. 
 
Minimize the number of key points that the child 
has to remember. Key points can be noted down 
using pictures or words in an easily  
visible place, e.g. on the white board. 
 
Visual clues can help children to remember, e.g. 
drawing a daily or weekly timetable and the use 
of maps and diagrams to explain things. 
 
A school timetable on the bedroom door will 
help the child remember school equipment. 
 
Encourage the child to carry a notebook and pen 
to jot things down as they crop up, e.g. 
homework tasks, invitations 
 
Ensure that all instructions are absolutely 
specific and given in the order that you expect 
them to be carried out.  
 
Help the child to understand and accept their 
remembering difficulty. Encourage them to say: 
“I’m not very good at remembering, could you 
write it down for me please”. 
 
Encourage the child to repeat an 
instruction aloud and then follow the 
instruction you gave. Eventually they can 
rehearse the instructions silently. 
 
 
 

 
The activities below can improve auditory 
memory 
 
1. Play Simon says... e.g. Simon says touch your 
nose and ears. Simon says wave your hands and 
nod your head. Add extra actions, e.g. clap your 
hands then jump to the chair. Encourage them to 
do the actions in the correct sequence. 
 
2. Set up ‘shop’ with a set of food pictures or real 
food and ask your child to buy items for you. 
“Buy a carrot, apple and beans.‟ Then increase 
to four items. Give the child three to six items to 
remember as you shop at a supermarket.  
Encourage the child to visualize the items as you 
are saying them. This helps later recall. 
 
3. Then play the shopping list game. The first 
person begins by saying ‟I went to market and 
bought a carrot‟. The next person should repeat 
this and add an extra item.  
 
4. Using a set of pictures (six to eight if possible) 
ask the child to select 3 that you have named. 
Then increase the number of pictures to choose 
to four. 
 
5. Send the child on a message which requires a 
response, e.g. “Go and ask dad for a pencil and a 
pen‟. Ask the child to repeat what they have to 
get.  
 
6. Ask the child to retell the events that have 
happened in a story that you have read together. 
Ask “who’s in the story, what happened…. And 
what happened next…?” Encourage them to 
remember a question until the end of a story. 
Ask them to recall the question and answer it. 
 

7. Use a page from a magazine or 
catalogue. Give them specific instructions 
to carry out, e.g. ‘Put a cross on the bird 
and underline the chair.’ 
 
 
From: http://www.bridgewater.nhs.uk/wp-
content/uploads/2013/01/Listening-and-remembering-
skills.pdf
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