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- [Ryan] There we go. Never a dull moment with online presentations. So thanks again 

everyone. I apologize for the problem there and I'm hoping that that isn't a recurring 

issue, so I'm gonna be presenting today on precision outcomes for children with 

hearing loss. We're gonna talk about outcome measures and things that you can use 

clinically to maybe increase the specificity of the tools that we're using with kids with 

hearing loss and many of you are probably already doing a lot of these things, so 

before I get started I just wanna acknowledge, first of all, Oticon medical and 

Audiology Online for allowing me to do this presentation. It's been really challenging 

with the global health crisis that we're experiencing right now to get out and 

disseminate the work that we're doing.  

 

So I appreciate the opportunity to share this with you all today. I wanna thank the 

National Institutes of Health and specifically the National Institute for Deafness and 

Other Communication Disorders for the support of our research and all of you for who 

are U.S. citizens for paying your taxes so that we can continue to do this work. And I 

wanna recognize people that have contributed to this specific presentation. Elizabeth 

Walker from the University of Iowa, Marc Brennan from the University of Nebraska and 

my research audiologist, Mary Spratford. I'm the director of research and the director 

of the audibility, perception and cognition lab at Boys Town. My main research 

interests are speech perception in children who wear hearing aids and how hearing 

aids affect developmental outcomes. So I have to read these learning outcomes to you 

so bear with me. After this course learners will be able to implement evidence-based 

outcome measures that are specific to the child's needs, interpret differences in 

outcome measures to assist with device candidacy decisions and explain how to 

monitor and monitor progress. and development over time for children who have 

hearing loss. So hopefully when I'm done, you'll all agree that this is something that 

we've accomplished. So I wanna start out today by just kind of examining sort of two 
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different kids that you might see in your clinical work. In reality, these pictures are of 

my colleague, Beth's daughter and a friend of her daughter's. So these aren't real kids 

from the clinic but they might represent kids that you might see in your audiology 

practice. So, on one hand we have Hayden and Hayden passed her newborn hearing 

screening but her parents suspected that she might have hearing loss at 27 months of 

age and by age three, she was diagnosed with severe hearing loss. Hugh, similar in a 

lot of ways except that he failed his newborn hearing screening twice and the family 

didn't initially pursue follow-up after that so he was lost to follow-up. And then he was 

diagnosed with severe hearing loss by the age of three just like Hayden. And so 

something that I'm sure all of you who see patients in the clinic have observed when 

you work with kids or adults is you can have two kids with identical audiograms but 

they may have different outcomes. So when we look at Hayden and Hugh when they're 

seven-years-old, you can see when we look at their speech and language outcomes, 

Hayden is in the average range for articulation, vocabulary and the general language 

abilities across the board which is a great outcome for someone with severe hearing 

loss.  

 

And you can see that Hugh despite the fact that he also has a severe hearing loss is 

lagging behind and below average in all of those specific areas. And so many of you, 

who are radiologists are saying, well, this is really interesting but isn't something that 

speech pathologists should be worried about? And I think audiologists have a really 

important role to play in terms of our role in documenting outcomes so that we can be 

either the canary in the coal mine to warn about the potential for developmental issues 

that might come up with kids or we can provide supplemental information that helps to 

guide the team in terms of their outcomes because in these two cases, if they have 

severe hearing loss, both of these kids might be considered candidates for a cochlear 

implant, for example, or a different type of intervention. And it would be really helpful to 

know what audiology tools we have available that could help us to make that 

distinction and it can also be really helpful, just in terms of documenting their growth 
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and development so that we know what to do and what we can help to do. And 

unfortunately, our current clinical practice really focuses specifically on the audiogram. 

So we would look at the audiogram for these two kids and say they both have severe 

hearing loss but Hayden is doing very well with her hearing aids and he was not and so 

our clinical decision making might be different. So without doing all this exhaustive 

speech and language testing, are there tools that audiologists can use that might give 

us some information about how to support their development and predict these 

problems rather than waiting until they're seven-years-old and finding that there's 

nothing, you know, at this stage, we would do something but, you know, that's a lot of 

lost developmental time.  

 

So there's a lot of discussion at the national level and international level about this idea 

called precision medicine. And it's gained popularity at the National Institutes of Health 

because of this idea that you can tailor specific treatments to a very specific kind of 

disorder that someone has. So the best example that people often use of this is if 

you're diagnosed with specific types of leukemia or cancer, they can do genetic testing 

on the cancer to figure out what treatment you're likely to respond to best. And 

unfortunately, in audiology, we're not quite there yet. We don't have the outcomes 

research at this point to help us to determine the best treatment for a specific situation, 

at least not at that level. And I think within the next 10 to 15 years, audiology will get 

there and audiology will have some of these tools available. But until we do, the best 

way that we can be more precise in terms of how we document these cases is through 

outcomes and documenting outcomes. And I think this applies specifically to children 

in the context of what we're talking about today but I also think, for those of you who 

see adults, if you think about ways that you can tailor your outcome measures that that 

can be really helpful to do that. I'll just mention 'cause I see that someone has raised 

their hand, if you have a question feel free to type it into the question box at any point 

in time and I'm more than happy to stop and answer questions as I go through this. 

Not a problem at all 'cause I can see your questions here and I'd be more than happy 
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to stop. So I'll give you a minute if you wanna enter your question. I mean, otherwise, 

I'll just keep moving along. The challenge with implementing sort of this idea of 

precision medicine in pediatric audiology is the complexity. So first of all, we know 

from working with children with hearing loss that they're really heterogeneous group. 

That you can have two children like Hugh and Hayden who have the same audiogram 

but very different outcomes for a lot of different reasons. We're also working in a space 

where children have additional disabilities. So we know that approximately 40% of 

children who have hearing loss also have some additional developmental concern that 

might complicate our ability to track their developmental outcomes over time. There's a 

debate about what we should use as a reference for typical. So should we compare 

children with hearing loss to their peers with normal hearing because that's our goal? 

Or is it the case that we should use the child as their own comparison over time? And 

there's no right answer to that but it has implications for how we document outcomes 

for children who have hearing loss.  

 

The other challenge is that, as I mentioned earlier, we're very, very early in this process 

in audiology of being able to document outcomes. When you think about the fact that 

we've only really been able to identify hearing loss in infants at a screening level, for 

the last 20 years and that early intervention programs took some time after that to sort 

of roll out. We're in the very, very early stages of our journey here in terms of 

documenting outcomes. We're seeing kids that we never saw in the past at times 

earlier in their development and so that requires a lot of new research and a lot of new 

tools because the work that we did before newborn hearing screening doesn't apply 

directly in the way that the research does now and that's been a big challenge to try to 

get that research going. But we're trying to do it. So if you look at some of the studies 

that have been developed, you know, one of the landmark studies that was one of the 

first to look specifically at children with cochlear implants was the Childhood 

Development after Cochlear Implantation study or CDaCI study. And this is a picture 

from Laurie Eisenberg about the outcome measures that they recommended. So it 

5 
 



 
 

started out with measures of auditory behavior like the Infant-Toddler Meaningful 

Auditory Integration Scale or IT-MAIS or the older version of that tool, the MAIS. It 

moves on to closed-set identification, so the Early Speech Perception test and 

Pediatric Speech Intelligibility test and then to open-set recognition using the wide 

range of word and sentence materials that we have at our disposal for speech 

recognition assessment. So there have been lots of attempts to try to characterize a 

speech recognition hierarchy. But what you can see here about this hierarchy is that it 

assumes that there's sort of this normal developmental trajectory. So we know that 

that can be a challenge if you have children who have other developmental conditions 

like many children with hearing loss do. We know that these can be challenging if you 

have children who come from homes where English is not the primary language that is 

spoken and so that's a challenge. So you start to think about this and you realize that 

this isn't very precise.  

 

But it was important to establish this because what I like about it as a developmentally 

based hierarchy and even if children aren't following typical developmental milestones 

it gives you an idea about sort of the order that things should develop in children. In 

2017, Kristin Uhler and a large number of pediatric cardiologists contributed to this 

effort. Published a paper in the Journal of the American Academy of Audiology on the 

Pediatric Minimum Speech Test Battery. And the idea was to try to provide some 

guidance to standardize speech recognition assessment across pediatric cardiology 

clinics in the country. And they did a really nice job of pulling together a lot of 

resources. And if you're new to the area of pediatric outcome measures and you 

wanna know sort of the full spectrum of options that are available, this Uhler 2017 

paper is extremely helpful. So this is a picture of the flowchart for the Pediatric 

Minimum Speech Test Battery and don't worry, I'm not going to use this slide to 

describe everything. I'll go into a lot more detail but I just wanted to kind of show you 

the complexity of this Pediatric Minimum Speech Test Battery from that paper at a high 

level. So to jump into a bit more detail, one of the strengths of this test battery is that it 
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recommends a very specific level of control over testing parameters, so they 

recommend using recorded materials whenever possible. And we know as pediatric 

cardiologists that it's not always possible with kids to use recorded materials but we 

also know that when we don't use recorded materials that it negatively impacts our 

ability to interpret any sort of data that we get from those. So we can do monitored live 

voice testing and if children are able to recognize speech, that's great. But it doesn't 

allow us to measure change over time or compare them to other samples or normative 

data. And so it's very important whenever we possibly can to use recorded materials to 

test our speech recognition assessment. They recommend assessing speech at 

conversational loudness levels in quiet. And I really love this because it gives you a 

natural direct connection to verification. So when you're verifying a hearing aid for a 

child, you're measuring the input of that hearing aid at a level of either 60 or 65dB for 

average speech and a level of 50 or 55dB for soft speech.  

 

And if you're also measuring speech recognition at those same levels, it gives you the 

ability to look at that child's verification and the speech intelligibility index or audibility 

of their fitting and make a comparison directly for that specific child as to how much 

audibility they have and what their speech recognition is as a function of that. So you 

can imagine a situation where you have a child that has good audibility through their 

hearing aids or their degree of hearing loss but their speech recognition is very poor, 

that would be a great red flag in individual basis and would help you to interpret that 

that's something that needs further attention. Maybe the hearing aid fitting needs to be 

adjusted, maybe that's an indication that that child needs to transition to a different 

device, maybe that they need to go see a developmental pediatrician or explore other 

developmental conditions that might explain that but the point is as an audiologist, 

you're taking the information that you're getting from the recognition test and you're 

comparing it to their speech recognition and their audibility, so that you can make 

some kind of relationship out of that. The other thing I like about this protocol is that it 

specifies that when children reach a specific level of performance in quiet then we can 
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move on to testing them at realistic signal-to-noise ratios using either noise like speech 

shaped noise or more realistic noise like babble or a two talker-masker. And so those 

are great recommendations and good guidance that came out of this article. So like the 

Childhood Development after Cochlear Implantation protocol that I showed you from 

Dr. Eisenberg, the Pediatric Minimum Speech Test Battery starts with questionnaires 

because that's the earliest thing that we can do before infants are using speech and 

can do speech recognition. And those auditory skills questionnaires like the LittlEARS 

questionnaire that we'll talk about in a little bit more detail later in the presentation. 

They recommend speech discrimination using a visual reinforcement paradigm. So if 

you're not familiar with this this is just visual reinforcement with speech as the target. 

So it's kind of a different version of visual reinforcement audiometry and Kristen has 

published papers on that if you're interested.  

 

And then of course, it moves to a closed set pattern perception. And you'll notice for 

each of the tests that they implement, starting with the ESP pattern perception that if 

you are less than 25% correct on a specific task then you move back down to the 

previous level. If you're between 25% and 79% then you repeat that at the follow-up 

visit. And then if they reach 80% performance that suggests ceiling performance and 

you should move on to the next test in the test battery. So I like that it that it's 

systematic and it helps to sort of guide you in terms of what your next steps might be. 

You can see that it goes from spondees in their early speech perception, amount of 

syllables. And then to open set words, so you can see the Pediatric Speech 

Intelligibility index words, Lexical Neighborhood Test and Multisyllabic Lexical 

Neighborhood Test and the Consonant-Nucleus-Consonant and then it moves to 

sentences in quiet. So either the PSI sentences or BKB sentences in quiet and then 

when children reach a specific level of performance in quiet then you can add noise to 

the sentences. So, I like this protocol because it follows the sort of developmental 

trajectory that we expect children who have hearing loss to follow but there are also 

some challenges with this approach that we'll talk about. So the positives about the 
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Pediatric Minimum Speech Test Battery are that it's a standardized protocol, it 

includes a prescriptive approach to presentation level that allows you to make direct 

comparisons to verification that you do. And their long-term goal when they wrote this 

protocol was the hope that if all of us use similar materials and approaches to 

measuring speech recognition, we could develop a database across the U.S. that 

would allow us to study and sort of evaluate outcomes for children with hearing loss in 

a way that's very standardized and that's not something that we could do presently. 

One of the major disadvantages of this is it only includes English materials. And I would 

say I would be willing to bet that there's either almost no one or no one on this call who 

sees children or adults who only serve patients who speak English. In my particular 

area of the country, which is not renowned as an incredibly diverse part of the country, 

almost 20% of the patients that we see speak a language other than English and so 

this is a major, major limitation of our current sort of tests that we have available. And 

some colleagues of mine are working on some tests to sort of address that, at least for 

Spanish which is the most common language in our area. Using a single presentation 

level and SNR is not likely to be efficient for all children who have hearing loss. And so 

it may be the case that for some children, we have to step outside of that protocol in 

order to help them to perform as well as they can. And the other issue is that they 

present a lot of different materials as sort of different steps in the process when we 

know for a fact that if you have close to ceiling level performance on any sort of open 

set monosyllabic word test, you're very likely to have ceiling level performance on 

nearly all of those tests.  

 

So this is just an example of data from our study where we did the Early Speech 

Perception Test battery with a group of children with normal hearing and a group of 

children with hearing loss. And you can see that the crosshatch bars are the kids with 

hearing loss and the bars that you can't see because they're all at ceiling are the kids 

with normal hearing. And what you notice is that the ESP standard and the ESP low 

verbal for patterns, spondee, monosyllables or category, everybody's near ceiling. And 
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I wanted to show you this data because we have been developing tools now for 

speech recognition for kids for over 30 years. And even before that, in many cases, but 

there's been a lot more development I would say in the last 30 years. And the early 

speech perception test was developed very early on in the process. of cochlear 

implantation to sort of measure outcomes for kids who had cochlear implants. And 

what you can see is that our children who were hard of hearing from our study have 

progressed to a point where, in quiet, they are at a ceiling level of performance for the 

ESP which is a wonderful thing that we hoped would happen when we started 

identifying kids through newborn hearing screening, we wanted kids to have these 

abilities. But as a field, we've sort of outgrown some of these tools that we developed 

not all that long ago. So I wanted to show you this so you get an idea about the fact 

that children with hearing loss are changing just as quickly as the field is changing in 

terms of research and that's something that we need to be cognizant of and try to 

incorporate into our outcome measures.  

 

So these are the same kids, a little bit older. We're comparing them on the Lexical 

Neighborhood test, easy list, the Lexical Neighborhood, hard list and the dynamically 

balanced kindergarten list. What I want you to notice here is that our kids with normal 

hearing are all above 90% but our kids with hearing loss have very little individual 

variability in their performance. And if you go back to Karen Kirk's original paper where 

she published on the Lexical Neighborhood Test, she was working with kids who had 

severe to profound hearing loss, many of whom were either candidates for or would 

eventually receive cochlear implants. And the performance of those kids in that 1995 

paper was around 50% on these lists. These are kids who have less hearing loss than 

the kids in that study but you can see we're not seeing any distinction between the 

easy and hard lists in our group. Those aren't statistically different and that everybody 

is performing really well. So you can imagine if you're trying to go through the Pediatric 

Minimum Speech Test Battery and you're saying well, they reached this level of 

performance on the Lexical Neighborhood Test, so we're gonna move on to the next 
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test, you'll notice that the outcomes are not gonna be very different. And in fact, if you 

look at the relationship between performance on any of these open-set monosyllabic 

word tests that we use in our study, you'll notice that the correlation was extremely 

high, close to point nine. And so what this means clinically is that as audiologists I think 

we've been conditioned to sort of expect big differences across different types of 

materials. We all learned that the W-22 word list from St. Louis was more difficult than 

the Northwestern University six word list from Chicago and there were data to support 

that. But when you start to see improvements in outcomes like we have with kids with 

hearing loss, we don't see big differences in outcomes across some of these 

measures. And so it might not make sense in your clinical contexts to try to move 

through a bunch of different monosyllabic word tests which you may or may not have 

access to. And it may make sense just to pick one that you have access to and use 

that as your outcome measure. And then when they reach a ceiling level of 

performance, move on to the next option in the list.  

 

I just wanna point out that this isn't new information. These are data from a paper by 

Sanderson-Leepa and Rintelmann in 1976 comparing WIPI which as you know, is a 

closed set speech recognition task, sort of for preschool kids, the Phonetically 

Balanced Kindergarten test that we all know and love and the Nu-6 and you can see 

that if you're at ceiling levels of performance on these measures that you're probably 

gonna be on ceiling levels of performance at all on all of these measures. And so it 

probably doesn't make as much difference as we often think it does to pick a specific 

test. And Arthur Boothroyd has been saying this for a very long time, if any of you know 

Arthur. So rather than having a very complicated flowchart, what I might suggest is that 

you start rather a closed set task. So the open and closed set task is the one that we 

use but there's a number of them that are available. That open and closed task is 

available from metal and it was developed by David Murray at Purdue and it's 

specifically designed to be within the lexicon of words that two-year-olds know. And in 

our study we were able to successfully measure speech recognition on 88% of 
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two-year-olds in our cohort with this measure. And anytime you can get 88% of 

two-year-olds to do anything, I think that's a huge accomplishment and so as a result 

we really loved this measure. We would then move on to an open set monosyllabic 

word test. So some options for that are like the Lexical Neighborhood Test that we've 

talked about, the PBK which a lot of people don't like the PBK. So if you don't wanna 

use it that's fine too. It's likely gonna be the same regardless of which monosyllabic 

test that you use or we have even used the Computer-Assisted Speech Perception 

Assessment that Arthur Boothroyd developed. And then when children reach high 

levels of performance for open set word recognition then we'll move on to sentences. 

So you can see it's sort of the same idea. We've just scaled it back based on the 

finding but we didn't see a lot of differences in performance across different types of 

stimuli. So how do you tell if something is different?  

 

So this is all based on the assumption that you're using recorded materials, that you're 

using the same presentation level and that you're using the same materials when you 

do this. And if you're meeting all three of those things then you can apply what we all 

learned is the binomial theorem of speech recognition. So Thornton and Raffin 

published on this back in the 1970s. There's been an update to fill in some values at 

the extremes that was published a few years ago. But the idea is, and this is just an 

example from a paper by Susan Scollie and Jeff Crukley, the point of the paper isn't 

really important but what they're doing here is on the y-axis, they're comparing speech 

recognition performance, with the DSL quiet algorithm. And then on the x-axis they're 

comparing it to the same child's performance on the DSL noise prescription. And what 

you can see is if there's a perfect relationship between the two conditions they'll fall on 

that solid black line that runs along the diagonal. You can see these dashed lines on 

the outside of that represent what a significant change would be between the test. So 

if, for example, the score on the DSL quiet was better than the score on DSL noise, you 

would see that score outside of those dashed lines, kind of up here and if it was better 

in DSL noise than a DSL quiet, you would see it fall below this boundary here. And 
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what you can see here is that children, the scores weren't exactly the same for the kids 

in their study because some of them or some of them fall exactly on that line. But you 

can see that some children had a little bit better or a little bit worse performance, that 

there was some variability. But you can see that with the exception of this individual 

right here, who's right on that dashed line and did a little bit better with DSL quiet than 

DSL noise, that everybody falls within that range. And that range is based on the sort 

of binomial theorem of speech recognition. And that's something that you can use 

clinically. And it's actually the basis of the recommendation of 80% and 25% in the 

Pediatric Minimum Speech Test Battery. So that can help you to determine if what 

you're seeing is a significant change in speech recognition or not but as I said, at the 

very beginning, you have to meet all those requirements, the same presentation level, 

the same stimulus and recorded materials in order to make any sort of statement about 

whether or not it's a difference. So I just wanted to show you some data from some of 

our research studies just to kind of drive home some of these points to reinforce what 

you might see in your own clinic. So these are Pediatric-AzBio sentences in quiet. The 

red box are children with normal hearing.  

 

The orange box are children with mild hearing loss. The green is children who are 

moderate and then you have children with severe hearing loss and this was completed 

with the children wearing their hearing aids or devices. And what you'll notice is that 

the children with normal hearing, children with mild hearing loss and children with 

moderate hearing loss are essentially all doing very, very well for sentences recognition 

in quiet. So this is great news, this is a good outcome. But does this tell us anything 

about children in these mild or moderate groups who might be experiencing difficulty? 

And so what I would urge you to do is don't just do a speech recognition measure 

because Ryan said so or because there's a paper that suggests that it's a really good 

outcome measure. What you wanna try to do is to try to pick outcome measures that 

are gonna give you some differentiation between these groups because we know that 

children with mild hearing loss and children with moderate hearing loss aren't the same 
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as children with normal hearing. And so we need outcome measures that will reflect 

the challenges that they face. We know that these kids with severe hearing loss are 

gonna struggle in quiet so maybe if you have a child with severe hearing loss that's 

what you start with. But look at what happens in classrooms. So if we just look at these 

are unoccupied noise levels and occupied noise levels from a paper that my research 

audiologist Mary Spratford published last year. These were taken in classrooms of 

children who participated in our longitudinal study. So children with normal hearing and 

children with hearing loss. The red line represents the limit for the "ANSI Standard for 

Classroom Acoustics" that was published in 2012. And what you'll notice here is that a 

lot of people ask, well, why do you care about unoccupied classrooms? And part of 

that is just a standardization thing for the ANSI Standard which occupied classrooms 

are a lot more variable. But if you start out with an unoccupied classroom with a high 

noise level, it's not gonna get quieter when you add children to it. So we care about the 

unoccupied level not because we think it's realistic or reflects what that child is 

listening to but think of it as sort of the baseline.  

 

And what you can see here from our unoccupied noise levels is that there were very 

few classrooms that met ANSI Standard for unoccupied noise levels and some of them 

are quite high. When you add children to the classroom, in the occupied condition, you 

can see that the noise level goes up as predicted. Like if we hadn't observed that we 

probably would have gone and checked to make sure we have the recording turned on 

because there's just absolutely no other thing that would happen when you add 

children to the room. But you can see, if you think about the fact that children might be 

listening to speech at a level that's around 60dBA depending on where they're sitting in 

the classroom. You can see that some of them are starting out with really, really low or 

even negative signal-to-noise ratios in their classrooms. And so, this is an argument 

perhaps that once children reach a certain level of performance in quiet, which might 

be very quickly, we can start looking at their performance in noise. So if you just take 

the same group of children that I showed you in the previous slide, in AZBio in quiet 
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and if we just add a plus 6dB signal-to-noise ratio, which falls within sort of the 

confidence intervals of the signal-to-noise ratios that would be predicted based on the 

previous slides. First thing I want you to notice is that some of our kids with normal 

hearing are really struggling at that level. And then at each successive level of hearing 

loss, we start to see performance decline. So, this can be really helpful if you are trying 

to make the case that child needs, an FM system. If a child needs you know, additional 

support, I think we all feel good when we measure speech recognition in kids and they 

get 100% with their hearing aids or with their cochlear implant or they're SNR 

integrated device but this can be a lot more helpful in terms of actually predicting what 

their outcomes will be. You observed the same pattern with the BKB-SIn test which is 

more of, presents a range of signal-to-noise ratios and then derive sort of a speech 

and noise SNR from that and you can see same pattern that we saw on the previous 

slide where performance gets poor.  

 

So the previous study was percent correct. And so lower performance is worse and 

this is just the opposite where it's signal-to-noise ratio. So this means that children 

with normal hearing were able to achieve a higher or the same level of performance as 

children with greater degrees of hearing loss at a lower signal-to-noise ratio. So this is 

like golf scores, lower is better. But these are all tests that you can use, if you wanna 

get an idea about how children are functioning. The other thing I just wanna point out 

before I move on, is just the amount of variability that you see within any group of 

children who have hearing loss. And so I think a lot of times, we assume that someone 

with hearing loss are always gonna do much more poorly in noise. But you can see that 

there are some children with even moderate hearing loss that are overlapping with our 

group of kids with normal hearing. So it really is a continuum and this is why the 

individualized approach is so important because we just don't know necessarily how 

an individual child is gonna perform based on these group level measures that I'm 

showing you. The other thing that we know about classrooms is that they're 

reverberant. So this is a measurement of reverberation in our first grade, third grade 
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and fourth grade classrooms. You can ignore those categories because as you can 

see, none of them are different from each other. And I don't know why we predicted 

that there would be differences across grade. But we separated them so that you can 

see that. And what you'll notice though, more importantly, is that about half of the 

classrooms were above this red line which represents the ANSI recommended 

standard for children with normal hearing or reverberation. So you can see 

reverberations a little bit better where almost none of the classrooms were meeting the 

standards for acoustics, for levels of background noise. Some of them at least were 

meeting the standard for reverberation. And I think that's because it's easier to deal 

with reverberation by hanging a blanket on the wall or a kitten poster or some kind of 

baffling sound, abating substance, whereas noise levels can be much more difficult to 

address but they're still issues.  

 

So these are data from a 2019 paper that we published in Frontiers to look at children 

with normal hearing in blue and the children with hearing loss wearing their hearing 

aids in green. So the box plot that you see in the middle there represents the range but 

the colored section outside of each one shows you the distribution of performance 

'cause you can't always see that very well with a box plot. And so in background noise, 

you can see of course, the children with hearing loss are performing worse than the 

children with normal hearing. What you see when we add reverberation in the bottom 

plots is that a lot more of those normal hearing children are at extreme, so we have a 

lot of kids with normal hearing that are performing poorly. And then you can see there's 

almost a binaural distribution of children with hearing loss. So you have children with 

hearing loss who need a signal-to-noise ratio that's over 20, which just so you're 

thinking about it in the context of our experiment, that meant that there was no 

energetic masking happening. So at a plus 20dB signal-to-noise ratio, the speech 

signal is completely not being masked by the noise in terms of the energy. You can see 

some kids still needed a much higher signal-to-noise ratio but there's a lot more in the 

group who are hard of hearing. So this just shows that the challenges that these kids 
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face in noise and in noise and reverberation are things that we need to characterize 

'cause there's a lot of individual variability. So when you're thinking about aided 

speech recognition, you can compare the results that you get in the clinic to studies of 

children who wear hearing aids if you want but there's a lot of individual differences 

and so, the thing that I would do and I think that's most important when we're thinking 

about how to judge and sort of assess performance, is to look at how their level of 

performance with their device relates to how much audibility they have with that 

device. And see if that's a red flag. And the other thing that we want kids to do over 

time, is that we want them to progress through the stages of speech recognition. So 

we want children to start out in a closed set tasks and move to open set words and 

then move to open sentences and then to be able to do speech recognition in noise. 

And in some ways, a child who's making that progress is progressing in the way that 

we expect almost regardless of how they compare to other kids with hearing loss 

because that's the sort of developmental progression that we expect. And then you're 

sort of using the child as their own comparison which I think, in my opinion is sort of 

the strongest comparison that we can make.  

 

All right, any questions before I get into specifics about unilateral hearing loss? Great. 

You're either all asleep or this is going really well. And when I'm on the internet, I can't 

tell. So it's fine, I'll just move on. So one of the areas where I think we have an 

opportunity for more precision outcome measures is related to unilateral hearing loss. 

And one of the challenges that we have in looking at the literature on unilateral hearing 

loss in pediatric cases is that a lot of times in previous studies, you know, kids with 

unilateral hearing loss get grouped together with kids with mild or high frequency 

hearing loss under this umbrella of minimal hearing loss which I think early on was a 

good thing to do because despite the fact that the underlying mechanisms for those 

hearing losses are different, we really see similar outcomes across those groups. But 

when we're thinking about it from an intervention standpoint, we need to be more 

precise in terms of our outcome measures in order for us to judge whether the 
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intervention that we're using is helpful. And so the plea that I'm gonna make related to 

unilateral hearing loss is if you have a child with unilateral hearing loss, regardless of 

your approach, in terms of intervention, you need to use a test that assesses their 

binaural hearing, so let's talk a little bit about what that means. So the areas where we 

expect kids with unilateral hearing loss to have difficulty are the same levels or the 

same areas where we see benefit for binaural hearing. And so I'm just gonna go 

through binaural summation, the head shadow effect, sound localization and binaural 

release from masking as sort of the key areas where you might wanna focus those 

outcome measures. So to be honest binaural summation, pretty boring, very important. 

When you're listening with two ears on you get about a 3dB enhancement at threshold 

in terms of the signal which is good, that's critically important when you're thinking 

about listening in noise or listening near threshold in quiet.  

 

When you don't have binaural summation you might miss out on certain sounds in your 

threshold and that's just the important thing to think about in the context of children 

with unilateral hearing loss. We all know about the head shadow effect where low 

frequency sound waves have a long enough wavelength where they can pass over 

your head but high frequency sounds typically about 1500 hertz, have a shorter 

wavelength and so your head acts like a baffle. And so sounds that are coming directly 

from one side or the other don't necessarily make it to the other side to be resolved. So 

this is just a depiction of the high frequencies sound with the shorter wavelength and 

the low frequency sound with the longer wavelength passing over our friend's head 

here, this is an illustration. This is just kind of a summary of that. The other thing that 

the head shadow effect affords us is the use of binaural localization cues. So, we know 

that for certain specific sounds that are low frequency because they can pass over our 

head, that there's a timing difference between when they arrive at the ear that's closest 

to the sound source and the ear that's further away. So we use those timing cues to 

help us to determine the location of sound. If you have a unilateral hearing loss, you are 

not able to do that depending on the difference you have between ears. And then for 
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higher frequency sounds, we know that there's an interaural level difference where 

you're expecting a head shadow effect and that helps you to determine the location of 

sound. So lower frequency sounds from the side of the head arrive at the ear closest to 

sound first. And we use those differences to help us to resolve and locate sounds. 

Same thing with level differences in the higher frequencies. So, binaural release from 

masking is the area where I think from a clinical outcomes perspective, this has the 

most potential. So we know that if we have a signal, that's we've got a noise in the 

environment and a target and they're spatially separated which, hopefully, your noise 

and target sources in your listening environment are separated 'cause if they're not, 

that can be really challenging. But fortunately, the sources of noise and the sources of 

what we're trying to listen to are not always overlapping, so that's good. But if we only 

have input to one ear, we can't really separate those two signals spatially or segregate 

them. So, when we talk about release from masking, we always talk about the masker 

which could be other people talking, it could be a source of background noise and 

then the target. And unfortunately, when we're only listening in a monaural condition 

those things get mixed together.  

 

So if you have a child who has a unilateral hearing loss, one of the things that you can 

do is try to set up a condition in your sound booth that helps us to determine if they are 

able to do this. And in my opinion, it's more important to identify that based on the 

intervention that you're using. So if you're using a cross device or a bone conduction 

device to route sound across the head or you're providing aids to a child with unilateral 

hearing loss on their impurity or you wanna know if that intervention has helped them 

with this binary masking release. So the way that you do that is you really only need to 

have two speakers in your booth to do this which most of us do. And the first thing that 

you do is you measure their speech recognition from the front here with the speech 

and the noise coming from the same place which is really hard. You can have them 

face one speaker and then the other speaker in your booth will hopefully be at about 

90 degrees. It doesn't have to be 90 degrees, it could be even less than that. And then 
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what you do is you presents the speech from the front. I mean, sorry, the noise from 

the front and you move the speech to the side or you can do the other. And you could 

do that on the same side that they have a device or you could do it on the opposite 

side. And what this allows you to do is to see if this person and this intervention that 

you're using gives them any binary release from masking 'cause what you should see 

and what has been demonstrated in previous studies is that performance improves 

when you move the signal away from the noise and you separate them spatially. So 

you can see here this is a study by Nicole Corbin from the University of North Carolina 

when she was a doc student there working with Lori Leibol and Emily Buss. There's 

two different maskers here, there's a speech shaped noise and a two-talker masker. 

And what you see for a simulated unilateral hearing loss is that when you've got sort of 

a masker going to the same side as the impaired ear, you still get that spatial release 

from masking.  

 

But when you have that masking sound going to the good ear, you don't see a release 

from masking. In fact, performance gets worse especially for kids. So this spatial 

release from masking paradigm is really easy to implement and you can implement it 

clinically. And I would encourage you to read Nicole's article in the Journal of Speech 

Language and Hearing Research if you are interested in implementing this because it 

can be a really nice way to examine unilateral hearing loss when you're trying to 

implement across hearing aid and use this as an outcome measure. And she has a 

wonderful description of how you might implement that in your clinic. So I see that 

there's a question but I'm just gonna push through the last few slides here and then I'll 

leave time at the end here for questions. So, how do we look at children with unilateral 

hearing loss? So if you have unilateral hearing loss and your impaired ear's aidable and 

we judge that based on having an unaided Speech Intelligibility Index between zero 

and 80 and we're gonna try to aid that ear. And there's lots and lots of questions that 

we haven't resolved about what age to do that or if there are certain levels of speech 

recognition that we need to consider. But for the most part, we wanna try to aid kids 
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with unilateral hearing loss in their impaired ear when we can. Now if their unaided 

Speech Intelligibility Index is zero then we're gonna simulate a hearing aid for that ear 

in our test box and see if we can get the aided Speech Intelligibility Index for that 

hearing loss above 50. And the reason is, there are a lot of people with unaided speech 

intelligibility indices that are low, that you can't get good inaudibility. And so if we just 

simulate that without a patient there that can sometimes answer that question for us. 

For children with unilateral hearing loss who have severe to profound hearing loss or 

they have an unaided Speech Intelligibility Index of zero and no aided benefit, we know 

that there's gonna be limited potential for binaural hearing, there could be potential for 

binomial interference. And I work with the British Columbia Early Hearing Program and 

at this point their recommendation is not using a cross during early childhood. Whether 

that be bone conduction or anything like that. So this just shows you the range of 

achievable aided speech intelligibility indices for kids with an aided and unaided 

speech intelligibility index of zero.  

 

This is why we have to simulate the hearing aid because there are children who receive 

very high levels of audibility, who have an SII of zero based on their audiogram. And 

then there are children who also get no aided benefit when they have an SII of zero, so 

we actually have to simulate that to figure it out. So when you talk about a bone 

conduction device as a cross, we have to think about the head shadow effect 

combined with the bandwidth of the device. So when you fit a device on a soft band, 

for example, you're limited in terms of the bandwidth that's gonna be transmitted 

through the skin to the other ear. And unfortunately, when you have a cross device, 

you're really just trying to improve the head shadow effect for high frequency sounds. 

So the problems sort of work against each other where you can't get good bandwidth 

and you're trying to enhance frequencies and so the individual piece of this is just 

when you're fitting a bone conduction cross device on a child, you wanna make sure 

that they're getting audibility of those high frequencies because that's what you're 

trying to mitigate with the cross. And if you can't do that, it doesn't make sense to try 
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to fit that cross device. So pay attention to that high frequency bandwidth and 

audibility when you're doing those fittings. I just wanna show you this data from CFL. 

We often assume that transcranial attenuation for sound is zero, right? That's what we 

all learned when we were doing our masking work. I just wanna show you the individual 

variability is a function of frequency. So each of these dots represents a person's 

transcranial attenuation at different frequencies and how much that varies, especially in 

the higher frequencies. And so this just speaks to the need for us not to make 

assumptions about what's getting across the head when we use a cross device 

especially through bone conduction. I'm gonna wrap up really briefly by just talking 

about auditory development questionnaires that we've used. So these are just three 

examples, the LittlEARS the PEACH and Speech, Spatial and Qualities.  

 

What we look for with the LittlEARS is we wanna see a progression over time where 

the child's score improves until it reaches a ceiling level of performance at which point 

we wouldn't expect much improvement. And that score that we use for that cutoff is a 

score of 28. And with the PEACH we wanna see something very similar where we want 

to see them progress over time and so we would repeat that at different appointments 

until they were sort of close to 100% for both quiet and noise and then of course the 

total sub score. Many of you are probably using these tools already. I just wanted to 

point out that in Marlene Bagatto's study of four and five-year-old children with hearing 

loss, there scores were better than the younger kids that we had in our study for 

PEACH. So there is an age effect with the PEACH that you have to be aware of. So 

don't worry if you have a two or three-year-old who has maxed out the LittlEARS, their 

ceiling level on the LittlEARS and then they're performing, what looks like in the at risk 

range on the PEACH because at that age range, we know until they're about 36 

months, there's an age effect there. So over time, we just wanna see these scores 

improve. We shouldn't worry if we have a younger child. and it looks like that they're 

falling outside of that normal range. All right, so the last thing I'm gonna talk about is 

just using this precision information to talk about moving to cochlear implantation or 
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another device. And right now, I think we focus a lot on the audiogram when trying to 

make these decisions. And what I hope we can do in the future is use these outcomes 

that we've talked about, both speech recognition and these outcomes based 

questionnaires to try to make decisions and informed decisions about cochlear 

implantation or other devices. So, if you have a child who has good audibility and is 

using their device consistently, but they're not making progress through those auditory 

development questionnaires or they're not improving in terms of their speech 

recognition over time, that can be an indication that we need to do more. Or at least 

ask the question, it doesn't mean that we should implant every child who presents with 

that sort of scenario. But as audiologists we do have to raise the red flag and say, this 

might be something that requires more attention or at least a discussion with the 

parents, with the cochlear implant team, with the child's medical home provider, 

pediatrician or family practice, doctor. So I wanna thank you very much for your time 

and attention today. I know these online presentations are hard especially when the 

presenters computer crashes to start the presentation. But we made it to the end and 

I'm just gonna work my way through the questions.  

 

So if you have additional questions that you wanna add, I'm just gonna answer these in 

the order that they were received. But again, thank you so much for your attention and 

feel free to email me if you have questions after the fact. All right, so the first question, 

is there a study of what you're aware that looks at how many pediatric audiologist are 

using speech perception measures? So there was a study that Karen Munoz did and 

some other work by Aaron Schaefer and they both sort of looked at these practices. 

And what I would say is sort of a take home across the studies is that I would say 

pediatric audiologists are really good at doing something. So many audiologists have a 

go to speech recognition tests that they use, what's less consistent is it looks like a lot 

of the audiologists are using different materials. They're not using a consistent 

presentation level. There's still a lot of widespread use of monitored live voice which is 

appropriate in some situations, but it as I mentioned, it's sort of mitigates our ability to 
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make judgments about those scores. And so I would say, you know, I would give us as 

a field, you know, sort of a B minus right now. And the areas where I think we could 

improve are just sort of greater consistency in terms of the measures that we use and 

the techniques and kind of moving on to try and improve from there. And then they 

asked for the reference for the spatial release from masking study and that was a 

Corbin at all study. I'm just gonna pull that reference up right now so that you have it. It 

was in the Journal of Speech, Language and Hearing Research, JSLHR. And the title of 

that is "Development of Spatial release from Masking". Sorry, that is not the right 

paper. This is why you should not google on the fly. Okay, so that is "Spatial Release 

From Masking in Children: "Effects of Simulated Unilateral Hearing Loss", Corbin, Buss 

and Leibold, ear and hearing. So I apologize that wasn't the right reference that I told 

you there. Nicole does have a dissertation that you can download from the University 

of North Carolina and in a forthcoming paper in the Journal of Speech Language and 

Hearing research. All right, what is the recommended speaker orientation for speech 

and noise testing? I have a 45 and 335 degrees speaker orientation, will it be okay to 

present speech at 45 in the noise at 335? A great question.  

 

What I would do honestly is I would put the person in front of the speaker so that the 

other speaker is 90 degrees away or at least spatially separated so that whatever one 

of the speakers is at zero and then the other speaker is towards the other ear. And then 

when you're ready, if you wanna test them in the other configuration, just turn them to 

face the other speaker so that the other ear is oriented towards that offside speaker. It 

doesn't need to be 90 degrees, that's where you get a clear spatial release from 

masking but you can see spatial release at much, much smaller speaker distances. It's 

just so happens that many of us have booths that are configured specifically for those 

types of angles. All right, are there any other questions? Feel free to type those in the 

box. All right. I'm not seeing any other questions. So if you do have questions after the 

fact or you want to tell me anything about the presentation or if you have feedback 

that's different from your experience my email's at the beginning of the presentation 
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available in the handouts. You can google me to contact me but again, thank you so 

much for your time and your attendance today and I hope you're all safe and healthy 

and that I get to see you in person. 
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