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[Captioner standing by] 


>> Hi, everyone.  It's 1:45, so we'll get started.  My name is Amy Sanders.  I'm the room moderator for this session.  There are a few exits in this room.  There's one at the front of the room located behind me.  There's an exit located to the side and exit at the back of the room.  If you need to use the restroom, it will be out the back doors and then to the right.  

If you need anything during the presentation, if you have any questions, feel free to grab me.  I'll be standing at the back of the room.  And I'll go ahead and hand it over to our lovely presenters.  

>> Thank you so much.  My name is Jace Wolfe.  I'm an audiologist by training and Senior Vice President of Innovation at Oberkotter Foundation and Hearing First.  I'm going to be the mouthpiece for the presentation, but she and I worked together collaboratively to put this content together.  

I'm so pleased to see so many people in the room.  I convinced myself after the scientific lecture on gene therapy earlier that everybody would have their fill with science.  If we have this many people in this room willing to listen about science on the last afternoon of the conference, that must mean ‑‑ no offense because I promise I'm the biggest nerd in the room ‑‑ but that must mean we have a room full of nerds in the room and that's good.  We're kindred spirits here.  

I worked with children with hearing loss for 27 years.  If it weren't just for men, I promise you, I would have the gray hair to show, it for sure.  So this topic is something I've studied for almost 27 years.  It's near and dear to my heart.  I think it's really instrumental to have a good understanding of this so that we can understand the consequences of congenital hearing loss and what it means for the potential of our patients we serve, the children we serve, who are born with hearing loss as a threat to their ability to develop not just listening and spoken language skills but also literacy skills as well.  

So that's going to be focus of my discussion tonight.  I'll discuss impact of early auditory deprivation and auditory brain development on spoken and listening language outcomes.  I'll go through a brief over view of the auditory nervous system or brain.  I hope it's not offensive i.  I think you'll enjoy it.  I try to make it fun.  Before we dive in to research studies we level set and have the same foundation of understanding before we look at those neuroscience research studies. 

I'll spend time talking about studies that show affects of hearing loss on auditory effects of the brain and dig into Andrej Kral's research.  It's fascinating and has a lot of implications for the work we do with children with hearing loss.  And, finally, talk about implications of neuroscience study for listening, spoken language, and literacy development for children with hearing loss.  

To set the stage, I'll go back in time to the year 2000.  This is when I was starting out in the audiology profession.  Way back in time in the year 2000, Michael Phelps hadn't won a gold medal yet.  The Oscar of the year, Russell Crowe and "Gladiator."  The boy band of the year was NSYNC.  And Survivor; they debuted that year.  

I was new to my audiology career at that time, so I found a picture of myself.  I just left the audiology clinic getting ready to go out with some friends that night.  You can see the years have not been friendly at all.  What I do want to come back to that's germane to the topic is 2000, the reason I bring that year up is it was a really big year.  

The federal government had mandated universal newborn hearing screening needed to be implemented in all states.  That was the first year that Oklahoma provided universal newborn hearing screening in all birthing centers in our state.  

This is Peter.  Peter was born in 2000 so he's 24 years old setting the world on fire.  He was the first child at Oklahoma identified with hearing loss by newborn hearing screening.  His parents were super progressive at the time.  His mother is a political science professor at one of the universities in Oklahoma.  Spends most of her week lecturing to students at that university.  His dad is a Grateful Dead fan and he was in cells as well.  Because that was of value they wanted Peter to grow up and listen and talk with family and friends to have those opportunities that has afforded them in their professions.  

Peter was a little devil as a child because they were progressive on the cutting edge.  Oftentimes, they drove us in decision making with the research they did.  They got a cochlear implant at one year of age, and one of the first children in Oklahoma to get bilateral cochlear implants shortly after that.  

You can see the challenges Peter faced growing up with somebody who was born with profound hearing loss and challenges that presented for him when he grew up in this video.  
[Video] 

>> Every day I had to change the calculator from degree to a different mode.  I had to use Calc mode; AP physics the next hour.  Twice I forget to change them and had the wrong one in the wrong class, and I got like killed on the test because I forgot to change the mode.  

>> First world problems for sure.  Exactly.  First world problems.  
[End of video] 

JACE WOLFE: I promise my own laugh sounds better in my own head.  It doesn't sound like Butt‑Head.  I share Peter's story because, obviously, I never had the problem of converting degrees and radiance.  We won't all be presented with that problem.  Peter is crazy smart.  His non‑verbal IQ is like 140.  All the children we serve aren't going to take all AP courses.  

Some will be interested in arts and literature.  They'll have all different kinds of interest and unique potentials and capabilities.  The key is what we should always do is shoot for the moon.  And we should do everything we can to learn about family's goals and desires for their children and then we should do everything we can to inform them so that they can make decisions to pursue and achieve those goals and desires.  

Peter, his unique potential with his 140 IQ, is to make an A in physics and AP Calculus.  And he went on with a full scholarship, and now has a CPA at 24 years of age.  We can shoot for those things now with the technologies we have available to do.  But we always have to remember that when a child is born with hearing loss, that places these excellent outcomes at risk.  

And so I wanted to break down the neuroscience behind what happens if you're deprived of auditory stimulation of the auditory areas of the brain during your formative years of development.  Not just during the first few years of life, but during the first few months of life.  

So again to level set ‑‑ please, I know you guys are familiar with this so don't be offended, but we're going to lay a foundation and scaffold up from there.  

These are the four functional lobes of the brain.  You can see at the back of the brain the light region that's the occipital lobe and that lobe is involved entirely in the processing of visual stimuli, and visual information.  

Up top there is the parietal lobe.  It gets ignored, but it's super important.  It processes sensation and touch, but also has a big role in memory as well.  Especially things we store to long‑term memory even like words we store to long‑term memory or letter sound; the A says "ah," and B says "ba."  They're stored in a memory repository in the region of the parietal lobe.  

The dark region on the bottom is temporal lobe.  As hearing healthcare providers, that's the one we're most interested in.  One thing I want you to know is that's not the only area of the brain that processes sound and helps us derive processing language.  

Finally, we have the frontal lobe.  And one thing that differentiates people from the animal kingdom is we have a larger prefrontal lobe than animals.  A dog has a flat forehead and a cat has a smaller forehead than a dog because they have less than a prefrontal lobe of a dog because everybody knows dogs are smarter than cats.  Humans have a large prefrontal cortex and lobe versus the rest of the animals in the animal kingdom.  That allows us to reason and solve problems.  That's where executive function takes place.  

That's where we develop opinions about things.  I like that; I don't like that.  That's where we derive most of what we comprehend or semantics of message we hear or see my signing or read.  The frontal lobe is very critical in most things we do in life.  And every time we listen, the message, the auditory message, has to be shared with the frontal lobe in order to make sense.  

Let's focus on the temporal lobe.  The pink shaded region is superior temporal gyrus.  That's what's called primary auditory cortex.  If you look at a textbook, a two dimensional image, when they talk about primary auditory cortex, they would put a little arrow right here and say that's primary auditory cortex.  

That's not exactly primary auditory cortex.  You can't see it from the surface of the brain.  You have to remove part of parietal and frontal lobe to be able to see primary auditory cortex.  It courses from the outside towards the middle of the brain.  It's that one little gyrus there that runs inward.  

And, functionally, one thing that's unique about primary auditory cortex is that all sound that comes through our ears, it will eventually end up at primary auditory cortex.  And that is the same thing that's true for if you're a baby who is born with typical hearing, or if you're born completely deaf and you don't hear anything for 30 or 40 years and you get a cochlear implant when you're 40 years old, when they turn the cochlear implant on, the sound will still show up at primary auditory cortex.  Those are called ascending pathways or feed forward pathways.  All the sound is going to ascend or feed forward to primary auditory cortex.  It's important, but it's part of change of the auditory areas of the brain that help us make sense of words and the sounds we hear.  

A part that's every bit important is secondary auditory cortex.  And that's not as well defined as primary auditory cortex, but oftentimes people refer to a belt and core concept where primary auditory cortex is the core.  And secondary auditory cortex is the brain tissue that surrounds primary auditory cortex.  Has anybody heard of Wernicke's area?  What's Wernicke's area?  If you have Wernicke's aphasia, what does that compromise?  The ability to understand speech.  Remember, Broca's aphasia's ability to produce speech, and Wernicke's aphasia is ability to understand speech.  

Just behind that 42 is Brodmann's area 22, and that's Wernicke's area.  That's in secondary auditory cortex.  

And then there are a number of regions that surround secondary auditory cortex called association auditory areas.  And these are areas ‑‑ let me go back a little bit ‑‑ that process stimuli from multiple sensory systems.  So these areas have neurons or cells that compress as auditory input and visual input and touch input.  It can assimilate or integrate all that, and can make decisions about the meaning of the sensory stimuli the brain's receiving and act on that information or that input.  

So secondary auditory cortex is really important because the sound that arrives at primary auditory cortex typically is shared with secondary auditory cortex.  And I'll share more with you later on in this presentation how this occurs.  But when primary and secondary auditory cortex communicate, that brings sound to life.  That basically gives meaning to the phonemic elements in speech.  

When you hear a sound in primary auditory cortex, it's mainly just noise when it gets to secondary auditory cortex, that's when you understand that's an A, and it says "ah" and it's a B and says "ba."  And secondary cortex takes those elements of speech and sends to the rest of the brain to be formed into words.  

And you can understand what you're hearing and it can have semantic meaning and you can understand it as the word in our own spoken language.  Secondary cortex and association areas not only have neurons that can process auditory or visual or tactile stimulation individually, but they also have some neurons called pluripotent neurons.  That means they can process different types of stimuli time at the same time.  It's involved in the integration of this input to make sense in the most optimal fashion.  

I think this is a good analogy.  Again when we listen to sounds, it doesn't stay in the temporal or auditory areas of the brain in order to make sense or have meaning.  Instead, it's spread across the entire brain to come to life and we can comprehend the sound we're hearing.  

There was a neuroscientist who said that fundamentally, everything that comes into our minds, everything that we perceive, is reduced to path earns of neural activities.  In other words, there are specific neurons that fire all across the brain that code a particular sound.  

So if you take these stars as being neurons that would fire, let's say it's the word "yellow."  Yellow would be the only sound that would have these particular groups of neurons that would fire.  So when these specific neurons fired all in unison or coordination with one another, you would perceive it as yellow.  

And the reason that it comes to life is that you hear the spectral aspects of the sound in your primary auditory cortex and then it's shared with secondary auditory cortex and you make out phonemic elements of yellow.  

And that's shared with Broca's area.  Broca's area is not just involved with speech production but heavily involved with phonemic awareness.  So the fact that you know Hooked on Phonics, and you use that foundation to learn to read, that's because the auditory area of the brain is communicating with Broca's area of the brain to establish that good phonemic foundation.  

But if it was just trapped there, it wouldn't have any meaning.  It also communicates with those pluripotent or cells that have connection with the visual center of the brain.  When you hear the world yellow you close your eyes and you can visualize yellow.  I don't know what shade of yellow you visualize but you visualize that because there's a connection being made between the auditory input in your brain and visual input that's also been assigned to that same group of neurons in the memory banks of the brain.  

Because the frontal lobe is engaged, you can think, I like yellow.  Or I don't like yellow.  Or I would never paint my bathroom yellow or who would get a Corvette and get it in yellow?  You have all these things you think about yellow and might think of a yellow feather and how that would feel on your fingers because the parietal lobe is involved as well.  

So this is where all this integration comes into play.  And that's just the neural signature for the word "yellow."  If it was a more provocative or interesting word like maybe "bacon" you would have a whole different set of neurons that fire that would code "bacon."  Think of bar codes where every bar code looks similar but they're a little different so when you scan it, they code hundreds of thousands of things in Costco or Target or wherever you are shopping.  We have 100 billion neurons in our brain so there's an infinite number of computations how these neurons work together to code different inputs we have.  

So again, with bacon, you can close your mind's eye and see bacon frying in a pan.  It engages the frontal lobe and you think, I like bacon a lot.  If I eat bacon, I'll have to spend four miles on the treadmill as well and you can hear that sizzle almost in your mind's ear as well because those neurons have established their own fingerprint that's unique for the sound bacon frying or the word "bacon." 

I can prove this and you may not like the neural signatures living in your own brain, but we'll do an exercise here.  If you can close your eyes.  I'll play a sound and I want you to listen to the sound and tell me what this is.  

>> To infinity and beyond.  

JACE WOLFE: Picture what you have in your mind's eye.  And then open your eyes.  Does it look something like that?  So Buzz Lightyear has his own unique neural signature in your brain, believe it or not.  There's been neural scientific studies they take studies with people of epileptic seizures and treat their brain and take advantage of that opportunity to put needle electrodes in certain parts of the visual centers of the brain and could show pictures of Halle Berry and it could be from any of her movies.  And only one group of neurons respond to Halle Berry.  There's a Halle Berry visual in the brain that responds to that one visual input.  

Close your eyes again.  How about this one?  

>> Doh.  

JACE WOLFE: Like it or not, Homer Simpson has his own unique neural fingerprint on your brain.  He probably doesn't listen to Marge well with that brain.  

We'll back up and dig into neural science now that we laid a foundation.  Gregory worked with a guy named David Lapel and they have a theory called the dual stream model of speech perception.  They say there are two streams in the brain.  There's a dorsal brain.  If you think of a dorsal fin on a fish, that's the top.  They're the blue shaded regions on the top of the brain and there's a ventral stream and that's the dark purple.  I'm color blind so I hope that's purple, not blue.  But there's red and green in the ventral stream as well.  

The dorsal stream is largely involved with speech production.  How we produce speech.  And the ventral stream, red and green, is involved in speech perception or speech recognition you have to engage the ventral stream first, hear sound and it goes to the dorsal stream and babies begin to produce sound as well.  Scientists have fascinating study where they image brain of babies and show as babies are learning to listen, sound shows up in the ventral area and auditory areas of the brain first and feeds forward to the dorsal area to Broca's region and like the baby is saying, it's coordinating and engaged saying, what do I need to do to be able to reproduce this sound that momma is making to me?  

And the newer or unique sound is, the harder Broca's area works.  The larger the response because it's thinking, what do I need to do to produce that?  These systems are always engaged, but colleagues proposed based on neuroscience studies is that at first in that purple region, that's where we process the acoustics of speech. 

That's the speech way form.  The amplitude, primary auditory cortex is processing that information saying, what are we working with here?  It feeds that information to secondary auditory cortex which is also in this purple region.  A little lower and further to the back.  

That green region, which is in the middle temporal lobe, and that's where that acoustic energy starts to come to life.  And secondary auditory cortex it becomes phoneme.  The green region it starts to become words.  From there, it shares it out to the red little shaded region on the back that's called the angular gyrus in the parietal lobe.  The red region up towards the front that's called the interior temporal lobe.  

And those are lexical repositories.  That's where we store words in the brain.  So every time you learn a new word, you hear it over and over again, and eventually those words and the phoneme associated with those words will be in the interior temporal lobe and angular gyrus respectively.  

He describes this as a hierarchy was it works in a sequential fashion.  Sound comes up to the primary auditory cortex, it's shared with secondary.  It's shared with the middle temporal lobe.  And then it's shared with the angular gyrus and interior temporal lobe to be able to take the sound from just acoustic energy into a meaningful word.  And then it's shared with the prefrontal cortex in that yellow shaded region and that governs really higher order meaning of the word, syntax and how we put sentences together.  

The way this works, if you look to the spectrogram for eat and seat.  Eat, you can see the formance of the E in the low to mid frequencies.  And then you see that little silence before the burst of the T.  In seat, you see the same thing you see in eat, but there's periodic high frequency energy at the top that's the S in seat.  That energy there gives rise to the phoneme E and T, and eat.  And S, E,T, in seat.  

The acoustic energy is coded in primary auditory cortex.  Then the phonemes are coded in secondary auditory cortex and middle temporal lobe.  And the words, "eat" and "seat" are coded in the interior temporal lobe in the angular gyrus.  And it all comes to life and has meaning because it's shared with the prefrontal lobe.  And the baby hears this and, I told you to sit in your seat and eat the birthday cake.  The more you hear that, the more it's shared with the frontal lobe, the more it comes to life and has meaning.  I know that's a lot.  Any questions?  

‑‑ to culminate eventually in comprehension and meaning in the higher order areas of the brain.  This is not just a theory.  It's based off neuroimaging studies.  This is a functional MRI study.  You see when people in the study, when their brains were imaged just listening to acoustic energy, it's defined to the primary auditory cortex.  In the middle they listen to phonemes, it's coded in the secondary cortex.  Words or sentences are coded across the brain.  That's like the stars we showed earlier.  You have information across the brain, it comes to life and makes sense.  

Believe it or not, everybody sitting in this room has about 100,000 brain cells.  And believe it or not, when you were born, you probably had about 100,000 brain cells.  Babies are born with the same number of brain cells they'll have their entire lives.  But, surprisingly, the brain of a baby only weighs 300 grams.  The brain of an adult weighs 1200 grams.  Why does the brain weigh so much less as a baby?  The reason is when the baby's born, there are very few synapses present compared to the adult brain.  

During the first year of life, the baby is in rapid catch‑up mode.  It's inundated with sensory stimuli, speech, visual stimuli, touch.  As this is happening, these synapses are starting to fire and build like crazy.  What the brain is trying to determine is, what synapses are important to code stimuli are important for my survival and to be able to thrive in my environment, and which ones do I not need?  Believe it or not, by two years of age, we have about two quadrillion synapses.  That shouldn't say neurons.  That's a mistake.  

But by the time we reach puberty, we have one quadrillion synapses.  That's because the synapses not needed to survive and thrive in our environment, they're pruned away.  This is a video that comes from Harvard National Center for Early Childhood Development.  It's a great video to show how the process works.  
[Video] 

>> All future learning behavior and health.  During this period of framed development, billions of brain cells send electrical signals to communicate with each other.  These connections form circuits that become the basic foundation of brain architecture.  Circuits and connections proliferate at a rapid pace and reinforced through repeated use.  Our experiences and environment dictate which circuits and connection get more use.  Connections used more get stronger.  Meanwhile, connections used less fade away through a normal process called pruning.  Well used circuits create lightning fast pathways for neural signals to travel across regions of the brain.  Simple circuits form first provides foundation for complex circuits to build on later.  
[End of video] 

JACE WOLFE: Pretty cool.  I wish I made that video and take credit for it, but I didn't.  The cells that fire together wire together.  Cells that fire out of sync, they lose their link.  It's the use it or lose it phenomenon.  

The reason it's the case is that you would be inundated with sensory stimuli if all 200 ‑‑ or two quadrillion synapses stayed in tact your life.  The neural noise would be through the roof, and the brain wouldn't be efficient being able to use synapses of the neural connection most important to navigate your environment.  

During the first really year of life, and especially the first two or three years of life, the brain is actively engaged in building its neural pathways.  There's a process called synaptic genesis ‑‑ a fancy word for building and strengthening synapses ‑‑ to make them most efficient to process the stimuli most important for the child.  There's pruning, which is the process of eliminating synapses less important.  I have no picture because a quadrillion is hard to process.  That's how many zeros that is.  We have a quadrillion we use to code stimuli, and other things that come into the brain.  

Peter and colleagues looked at synaptic genesis over the life‑span of a child.  They showed in the primary auditory and primary visual areas.  The synapses synaptic genesis peak at ten months of age.  That's really important because the primary sensory information, remember, that takes the basic sensory stimulation that comes from auditory or visual input.  

It's really early.  It's during the first six to ten months of life that the brain's starting to make decisions about what it wants to keep and focus on, and what it wants to prune away.  

Again, you might think, why does the brain do that?  Has anybody ever had a child or friend who has a child with Legos?  It's the worst decision in the world to get Legos.  They hurt badly when you step on them.  If you ever move, you'll find Legos in every corner of the house.  But what the brain's doing, if you want to use a Lego analogy.  Say you have somebody, all she wants to do is build Barbie houses with Legos.  These, you can see, they're probably a lot of "Star Wars" Legos there because there's gray.  And brown, I think, are Harry Potter Legos as well.  

It would be inefficient to build a Barbie house out of these because you would have to comb and filter through to get all the pinks and pastel colors to build a Barbie house.  Instead, what the brain wants to do is focus on pinks and pastels to efficiently build a Barbie house and get rid of all the grays and browns that Barbie would never have in her house.  

So the same thing's happening with the synapses in the brain as well.  How does this show up behaviorally?  You're probably familiar with Pat Kuhl's and Janet Werker's work.  When babies are born, they're born linguistic citizens of the world.  

At six months of age, you can see infants raised in the United States, infants raised in Japan, they're equally adept at being able to discriminate "raw" from "law."  But "raw" in the English law are not native sounds in the Japanese language.  So over time, when those Japanese babies don't hear those sounds when measured again between 10 to 12 months, they start to lose the ability to discriminate those sounds.  And, in contrast, English speaking infants are getting better at being able to do that.  

This is so critical because this lays the foundation for our ability to understand speech, and lays the foundation for what else?  What's phonemic awareness super important for?  Reading.  And there was a panel that was commissioned by the federal government called the National Early Literacy Panel.  

They studied what needed to happen between 0 and 5 to prepare child to read well in kindergarten and found two things important; oral language and phonological awareness.  Phonological awareness begins 6 to 12 months of life.  We have to feed the auditory areas of the brain to shape the brain to process sounds that are important for babies in a child's spoken language.  

One more thing ‑‑ and we'll look at cool studies ‑‑ this is the neocortex.  This is the gray matter.  You can't see it because it's washed out.  You see gray shaded regions.  And in the middle are white shaded.  Those are myelinated fibers.  Gray shaded are brain cells and neurons that process sound.  Your cortex, neocortex, believe it or not, is as thick as six playing cards.  It's super, super thin, but that's where all the higher order processing occurs in the cortex of the brain.  

And the neocortex is made up of six different layers.  I know this is starting to get deep, but hang with me because this part is really important just with the implications for children with hearing loss.  As sound comes into the brain, it arrives at layer four.  From layer four, it's shared ‑‑ excuse me ‑‑ up to layers two and three.  

And they send information then to secondary auditory cortex.  But there's also information that comes back from secondary auditory cortex to primary auditory cortex, and it feeds back through in the lower layers of the brain.  The upper layers that send information forward, those are the supragranular layers.  Just meaning the above layers in the brain.  And infragranular layers are just the bottom, or layers that are below the middle layer where input comes in.  

I know it's getting a little deep, but hang with me because I know you can process and digest this.  Everything we talked about so far is feed forward.  As information goes from the ear to primary auditory cortex to secondary auditory cortex and eventually on to the prefrontal lobe, but there's actually two things that are occurring.  

This shows the feed forward route where the auditory information goes from the primary auditory cortex to secondary auditory cortex, but then there's also a feedback route.  And the feedback route is just as important as the feed forward route.  And what happens, as that input arrives at the two ears, these lower layers here ‑‑ this is primary auditory cortex.  You see right here, primary auditory cortex.  And remember, primary auditory cortex is processing this acoustic energy here.  

It sends that acoustic energy forward and ‑‑ sorry, going the wrong way I apologize.  

When it gets to secondary auditory cortex, that's where we process phonemes.  Secondary auditory cortex says, I think that acoustic energy is S and E, and I'll process back to primary auditory cortex to make sure.  If the neural energy in primary auditory cortex aligns or matches with the neural energy in secondary auditory cortex, there's a match, and that allows for perception to occur.  You have to have feed forward and feedback loops matching in order to be able to comprehend what you're hearing.  Not only is that important when that match occurs, that's what causes a residence in the brain to build synapses.  You have to have that match to build the synapses of the brain to process this sound.  

So let's get to our studies.  This is a study by a gentleman named Kevin Greene.  He looked at FRMI images in an adult brain; normal hearing to adulthood, and lost hearing and got a cochlear implant.  All auditory pathways developed typically.  When this adult listens to left cochlear implant, you see activation on both sides of the brain.  

You see activation on the right side, contralateral side of the brain, and left side of the brain.  But you see a lot of activity in primary auditory cortex; the yellow shaded region.  And see a lot of activity in secondary auditory cortex as well because she's listening to these words and they're making sense as words.  

In contrast, there was another group of researchers out of Korea lead by those colleagues, and they did a similar study with individuals who were born deaf and didn't hear the first several decades of life, but got cochlear implants in middle age.  They scanned their brains doing different tasks as they were listening to words or watching a story being told via sign language, and watched somebody move their hands in a meaningless way.  When they listened to sound, the story told through spoken language, you see activity in the primary auditory cortex.  

When they watched the same story being told through sign language, that's when you see activity in the secondary auditory cortex.  And the meaningless hand movements just evoked movement in the visual areas of the brain and known language areas of the brain.  That's an example of cross‑model plasticity where language areas of the brain developed preference for the visual input.  And because the auditory input does not evoke a response in secondary auditory cortex, that's an indication ‑‑ those synapses between primary auditory cortex and secondary auditory cortex ‑‑ have been pruned away.  

That tells us a couple different things.  I think this is important to hear.  Sign language, in and of itself, is not detrimental to spoken language.  There are two fiber tracts that carry visual input to the language areas of the brain and input from the ears.  If you sign, that won't take over auditory pathways so you can't use them anymore.  But, also, sign language doesn't protect, develop, and preserve the auditory pathways of the brain.  

When they see that story being told, it activates language areas of the brain through sign, not hearing.  It cannot lay down a foundation of hearing for later in life.  Kral's fascinating study with cats.  Andrej Kral has taken cochlear implants to white deaf cats to study their brains.  I gave a presentation earlier about cochlear access; that there are a number of kids around the United States and the world who don't have access cochlear implants, and we see cats are taking some cochlear implants for kids.  Another example that cats truly are the spawn of the devil.  

What Kral did with cats is he provided cochlear implants to different ages of cats born deaf, and put needle electrodes in their brains to study responses in primary auditory cortex and secondary auditory cortex at different layers; six different layers in the auditory cortex.  

Cats who were born with normal hearing.  When he did this, there was a lot of activity in the feed forward superficial layers, and also a lot of activity in those infragranular layers that are feedback layers as well.  

And in contrast, if cats were born deaf and didn't get a cochlear implant until five months of age ‑‑ because the critical period for cats is five months; it's really early ‑‑ but, you see, there's no activity in infragranular layers of the cortex.  There's activity in the top layers.  The sound is being fed forward, but not fed back.  You don't have a reciprocal connection between primary auditory cortex and secondary auditory cortex.  

He proved that in a later study where the evoked response they record with needle electrodes represents feed forward activity.  It happens quickly, so they distinguish as being evoked responses because it shows up quickly in time after they present a sound.  And you can see in these cats, the hearing cats and deaf cats, both have robust feed forward activity in primary and secondary auditory cortex, but hearing cats have robust activity with later activity that occurs later in time.  And that's the feedback activity that comes from a higher level of the brain back to a lower level of the brain.  And cats who do not have auditory stimulation during their critical, formative period, they had no induced activity.  

What does that mean as a consequence for cats or for our purpose for children?  The acoustic energy that's processed at primary auditory cortex feeds forward to secondary auditory cortex.  But because there's a disconnection, or decoupling, between the feedback connections from secondary auditory cortex and infragranular layers primary auditory cortex, there's no way for a match to occur.  You lose connection between primary ‑‑ if you have someone who has a cochlear implant later in life, you can play beep, beep.  If the implant is programmed well, they'll hear it all day long.  If you play "baseball," "hot dog" or "ice cream," more often than not, it makes no sense because you lose that ability to connect the primary auditory cortex to the higher order areas for sound to come to life and to have meaning and comprehension.  

Because of that, there's no match.  The feedback loop is eliminated.  That eliminates match necessary for presence and comprehension of auditory message, and literacy development as well because everything stays in the primary auditory cortex just like we saw in the study.  

There's a dual stream or dual network model for literacy development as well.  I would ‑‑ I should have put this on the slide.  Dehaene ‑‑ that's French ‑‑ he has a book that's fascinating.  He explains how children learn to read and what happens when children have dyslexia.  

People think when a child has dyslexia, they reverse the letters in a word and see the words backwards.  That's not true.  In the overwhelming majority of cases in dyslexia, the cause is deficit in phonological processing.  What he shows in his dual network, or dual route model of literacy development, is that sound ‑‑ not sound, but written words enter into the visual cortex and sent to this area of the base of the brain.  And that's a really unique area.  It can recognize the letters in our language.  And then from there, it shares it to the auditory area of the brain.  

The auditory area of the brain says, okay.  That letter like this is a D.  And that letter like this is an M.  And that builds phonemic awareness or phonics.  And that's totally reliant on a foundation of spoken language development.  Again, research, over and over, has shown that oral language and phonological processing are the two most critical components for literacy development.  

If you look at individuals who are proficient readers ‑‑ they have hearing loss and become proficient readers in college, the number one factor that determines variability in reading outcomes in college is spoken aptitude.  It comes down to that foundation we build through listening and spoken language, and interaction between primary and secondary auditory cortex.  A lot at stake here.  

As a baby, if you talk with a family and ask what their goals are, and they want their baby to listen and talk and want their baby to learn how to read, then the easiest way to do that is through optimizing hearing, and emphasizing hearing, during all waking hours.  

For these families, hearing loss truly is an emergency, but every day is critical because the pathways lay down the tracts between six to ten months.  I'm going to leave you with some good news.  This is research out of Australia.  She's a speech‑language pathologist at a cochlear implant clinic in Australia.  In her study, she's had 151 children who received a cochlear implant before their first birthday, and a number of children who received implants afterwards.  Groups 2 through 5 received their implants between their first and year and a half of life, or as late as six years of age.  

What she found ‑‑ I think is fascinating ‑‑ is over 90% of children who received their cochlear implant before one year of age had age appropriate, or typical, vocabulary and language development upon school entry.  

And so what that tells is that language deprivation is not a concern if we get in early and stimulate auditory areas of the brain.  These recommendations are good for all children  whether they have hearing loss or typical hearing.  The more we inundate the young brain with speech, with language rich listening environments, and the earlier we can do that, the better their language development will be; their spoken language, their auditory abilities, and their reading development.  

Rachel Romeo has done a lot of work with children with typical hearing, and she's shown the number of conversation turns that occur between a mother and baby have a consequence or effect on the development of Broca's area in the frontal lobe.  And that has an effect, a positive effect, on the development of a baby's language as well.  

Again, this is true for all babies, not just babies with hearing loss.  The great thing is we can shoot for the moon.  If we identify early and provide cochlear implants early, and support families to keep the implants or hearing aids on the child during all waking hours, and create a language rich listening environment, it's not possible that children will development age appropriate listening and literacy skills, it's probable.  If I had more time, I could show other studies children will have excellent outcomes if we do that.  

I leave you with this, if families want great outcomes, you have to emphasize hearing to do that.  It's the only way to create pathways for great language skills.  Great outcomes aren't possible, they're probable.  And I encourage you to shoot for the moon.  Thank you for your attention.  I think we have a few minutes for questions if there are any.  

Yes, sure.  

>> AUDIENCE MEMBER: [Off mic].  

JACE WOLFE: How is this affected when a child has a genesis of the corpus callosum?  And that oftentimes verbal communication can be affected whether a child has hearing loss or not with agenesis of the corpus callosum.  

A story to leave on a positive note.  When I was brand new to audiology one of the very first children that I served was diagnosed with profound hearing loss and agenesis of the corpus callosum.  They were told by a neurologist she would never talk.  She would never have quality of life that you and I might appreciate over time.  

She got two cochlear implants.  Two was necessary because the information is not shared back and forth with impaired corpus callosum.  And, today, she listens and talks, she sings, golfs.  She sings in a church choir.  She was on the cheerleading team at her high school in Oklahoma.  You never take no for an answer.  You do everything that you can to provide as much input as possible, and then you just hope for the best.  Any other questions or comments?  

>> AUDIENCE MEMBER: [Off mic]. 

JACE WOLFE: I certainly can.  I don't know how to do that.  I'm sorry, I'm not an EHDI employee so I don't know if they would let me do that or not.  If I can, I will.  

Also, you can e‑mail me at Jwolfe@Oberkotterfoundation.org and I'll gladly send you a PDF of those.  

It's Jwolfe@Oberkotterfoundation.org.  Thank you for being here this afternoon, the last day of the conference, and for your attention.  I really appreciate it.  

[End of Topical Session 7] 
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