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>> All right, we will get started with the last session of the day.  Thank you for hanging in there, you are doing a great job.  I'm Andrea Warner‑Czyz, I'm from the University of Texas at Dallas, and today I will talk about the impact of early sign language exposure on early cochlear implant benefits. 
We know that 95 percent of children with hearing loss are born to hearing parents.  Such parents want children who are deaf to communicate via spoken language, and they choose to provide an implant to their children to facilitate this outcome.
A major question for parents and for professionals working with these children is whether early exposure to sign language provides an important foundation for learning a spoken language.
Today we examine empirical evidence regarding the impact of early signed exposure on speech and oral language benefit, derived from cochlear implantation.  A recent article in Pediatrics was entitled: Should all deaf children learn sign language? 
This article concluded that, and I quote, the benefits of learning sign language clearly outweighed the risks for parents and families who are willing and able.  This approach seemed clearly preferable to an approach that focuses solely on oral communication.
This conclusion is not based on a direct comparison of results from children who vary in the amount of sign language exposure.  Today, we fill the gap by presenting results from a nationwide, longitudinal study of children with cochlear implantation.
Data for today's presentation were obtained from the childhood development after cochlear implanation, or CDAI study.  This is a multi‑center, longitudinal perspective follow‑up study of a nationally representative sample of 188 children who were implanted before five years of age.
These children were recruited between 2002 and 2004 from six surgical centers in the United States, the study is located in John's Hopkins, it is funded by the NIH, and has been funded since 2002, continuously.
Laurie Eisenberg at the USC is a principle investigator. 
A total of 188 children originally enrolled in the CDAI study.  A sub‑set of the study was selected based on this criteria: They had to receive a cochlear implant by 35 months of age, the parents had to report how much sign language exposure they had at intervals between baseline and post‑implant, and the child had to return for testing in early and late‑elementary grades.  This provided a sample of 97 children. 
Each year, parents answered a questionnaire about their child's exposure to sign: At baseline, prior to surgery, and one, two, and three years post‑implant.
Signed exposure categorization was determined as follows.  The first group you see is called the no‑sign group.  That means that the parents indicated that no sign was used pre‑implant, or the first three years post‑implant.
The second group is the short‑term sign exposure group, and for these children, in that group, the parents reported that they used sign, either pre‑implant or one year post‑implant, but they stopped signing at two years post‑implant. 
The third group is the long‑term sign group.  And in this group, the parents reported they used sign pre‑implant and at least at 36 months post‑implant.  They continued to use sign language for three years post‑implant.
First, we sought to uncover any existing differences between the three groups.  This shows the characteristics at baseline.  No significant group differences were noted by income, household income was less than $50,000 per year, the percentage of mothers who graduated from college, the average in the better ear, the age of on set deafness, and age of activation.  We also look at assessments that were administered prior to implanation to ensure we didn't have any differences among the group based on these measures.  One of these measures included maternal sensitivity to the child's communication attempts.
The video taped child/mother interactions were assessed using the NIH early development childhood scale.  A baseline IQ estimate was based on the Bailey scale's infant development.  Vocabulary measures were assessed by the MacArthur‑Bates communicative inventory from the words and gestures form, and the parent had to indicate that the child both understood and spoke the word.  For auditory perception, it was based on the infant‑toddler meaningful integration scale, which is a parent support measure.  No statistically significant differences emerged among the three groups, based on these baseline characteristics.
Next, we selected outcomes in four different domains: Speech perception, speech intelligibility, spoken language, and reading comprehension.
Auditory speech perception was measured with a speech recognition index in quiet.  This index is derived from a hierarchical test battery, ranging from parent report to open‑set speech recognition in quiet.
And we looked at this measure through three‑years post‑implant.
The second measure, speech intelligibility, was measured using the child's productions of the McGarr sentences when they were between three and six months of age.
The third measure, spoken language, was measured using the comprehensive assessment of spoken language, or the Castle test.  And this is assessed at two time periods: At early elementary grades, between five and seven years of age, and late elementary grades, between nine and 11 years of age.  Reading comprehension was measured using the Woodcock‑Johnson tests of achievement at early and late grades. 
I will detail these measures for you in just a minute.
First, we addressed whether an early exclusive focus on spoken language in the no‑sign group promoted faster development of auditory speech perception skills and whether this led to more intelligible speech than was measured in those children with early sign exposure.
The speech recognition index in quiet combines multiple results from a hierarchical test battery into a single, cumulative speech perception index.  SRIQ values ranged from 0 to 600, with lower scores between 0 and 100 indicating how the child performed by parent report.  Scores between 101 and 300 indicated closed‑set speech perception, as measured on the early speech perception tests, and the pediatrics speech intelligibility tests. 
Scores between 301 and '600 indicate perception in the syllabic neighborhood text, the kinger garten neighborhood words, and the hearing and noise perception, as tested in quiet.
And here are the results for speech perception in quiet.  This graph depicts the medium and interquartile range of SRIQ, the speech perception measure, at baseline, and for the first three years of cochlear implant use for each groups. 
In these slides, the white dotted bar represents the no sign group, the light blue is short‑term sign, and the dark blue bar represents the long‑term sign group.  The X axis on this slide, if I can make this work, is showing the time post‑implant, and on the Y axis, we have the SRIQ, or our speech perception measure.
All three groups exhibited improved speech perception, over time, and no significant group differences emerged at one and two years post‑implant.
However, at three years post‑implant, with three years of cochlear implant experience, significantly lower scores were documented in the long‑term sign exposure group, relative to the no‑signed exposure group.
Speech production and intelligibility was measured through the listener's understanding of each child producing the McGarr sentences when they were about eight years of age.  Audio recordings were made of each child, imitating 36 sentences.
Sentences were three, five, and seven syllables long, and each sentence contained a key word that either was predicted by context: For example, read the book, or not, for example, get the cake.
Although my favorite sentence of the entire test is: Is the fat baby crying? 
Adults with typical hearing with no prior experience listening to the speech of individuals who are deaf were instructed to write down as much of the sentence as they understood.
Three judges provided a response to each sentence and no judge listened to the same sentence from any child, or more than one sentence from any child.  Each intelligibility score represents 108 judgments.
Speech intelligibility scores differed significantly for the three signed exposure groups.  Here on the X axis, we have the three groups: No sign, short‑term sign, and long‑term sign.  And on the Y axis, we have the percent of intelligible speech.
So, as I indicated, the speech intelligibility scores differed significantly among the three years and comparison found that children in the long‑term sign group produced less intelligible speech, with a mean of 50 percent, compared to the no‑sign group, with a mean of 70 percent, and the short‑term sign group, with a mean of 63 percent.  No significant differences emergeed between the no‑sign group and the short‑term sign group.
Here are correlations between speech perception scores at each of the first three years post‑implant and speech intelligibility scores at around eight years post‑implant, excuse me, eight years of age. 
Speech perception at baseline was unrelated to later intelligibility.
However: The correlation between early perception and later speech intelligibility became significant for each year post‑implant and that increased over time, such that we have a row of .24 at one year post‑implant, .32 at two years post‑implant, and .42 at three years post‑implant.  Those children that exhibited better speech perception three years after implantation had the most eligible speech in early elementary grades.
An answer to our first question: What we are concluding, is that children whose families used spoken language exclusively developed better auditory speech perception skills and had more intelligible speech than children whose families used sign language for three or more years. 
In addition, short‑term sign use did not affect speech intelligibility.
Next, we asked whether early exposure to sign language provided appropriate development to language and reading in early elementary grades.  We measured this through the core composite standardized score on the comprehensive assessment of spoken language.
This allowed us to compare the scores in relation to hearing age mates in a normative sample.  All children received the core language sub‑test appropriate for their age, drawn from the sub‑test shown here: Antonyms, grammatical morphemes, and sentence comprehension. 
The passage tests of the Woodcock‑Johnson tests of achievement showed phrases at the early levels and paragraphs at the later age.  Scores were relative to hearing age mates. 
I know there's a lot of information on this slide, so we're going to slow down and look at it together.  So here, we have a series of box plots, which represent standard scores for spoken language on the left, and for reading comprehension on the right.
Scores are expressed in relation to hearing age mates with a mean of 100 and a standard deviation of 15.  If you notice, there's a dotted line at 85.  What that is representing is one standard deviation below the mean of the normative sample.
Each series of three box plots represents performance in early elementary and late‑elementary grades, so you can see progress over time relative to hearing age mates.
First, let's examine language scores.  In early elementary grades, the mean for the no‑sign exposure group was within normal limits for their age and significantly exceeded the scores of the long‑term sign group, which is circled in red here.
All three groups showed an increase of language scores, relative to their hearing‑aged mates between early and late elementary grades.  But the no‑sign groups showed the largest increase and significantly exceeded the long‑term and short‑term sign groups by late elementary grades. 
So, to re‑cap, in early elementary, we only saw a difference between the no‑sign group and the continued sign group, sorry, I said that wrong, we saw a difference between the no‑sign group and the long‑term sign group, and late elementary grades, between the no sign group and both signed groups. 
And all children scored close to peers in reading comprehension and short phrases.  All groups lost ground in the late elementary grades when comprehension of narratives and paragraphs were required.  However, the no sign group maintained scores closest to age‑appropriate expectations and significantly exceeded both of the signed groups at the later test interval.
These data lead us to conclude that early exposure to sign language did not enhance either spoken language or reading.  In fact, the children whose parents who signed were significantly more likely than non‑signing families to exhibit delays.
This finding led to our third research question, and our final research question, which was whether the quantity of sign exposure over the first three years post‑implant was important for age‑appropriate spoken language and reading development.
Here, we have plotted the percent of children, scoring more than one standard deviation below the mean, for hearing peers.
Again, the language scores are on the left, and the reading comprehension scores are on the right.  First, let's look at the language scores: 
Between early and late‑elementary grades, the percentage of children with delayed language decreased from 49 to 29 percent in the no sign group.  It is stable at 58 percent in the short‑term sign group, and decreased from 75 to 61 percent in the long‑term sign group.
For reading, only 11 percent of children with no sign language exposure were delayed in early elementary grades and this increased to 23 percent in late‑elementary grades.
In both groups with sign language exposure, the percentage of children with below‑average reading scores increased from less than 20 percent in early elementary grades to more than 50 percent in late elementary grades.
This suggests that early sign language exposure was associated with greater delay in reading and language scores, whether or not the parent was signing two years post‑implant.
Odds ratios were computed to compare short‑term and long‑term exposure to sign with the no‑sign exposure group.
Here are the results for language: At early and late tests, the long‑term sign group, shown in the dark blue, was between three and four times more likely to exhibit language delays, compared to the no sign language exposure group.  However, by late elementary grades, both the short term and long‑term exposure groups were just about as likely to have spoken language delays, relative to the no‑sign group.
Here, we present average odds of being delayed in reading comprehension.
Neither of the sign language exposure groups was significantly more likely than the no‑exposure groups to exhibit reading earlier in the elementary grades. They all looked about the same.  By late elementary grades, both groups that were exposed to sign language, whether short or long term, were 4 times more likely than those not exposed to sign to exhibit delayed reading comprehension.
Therefore, in response to question three, we concluded that children with cochlear implants with short‑term or long‑term sign exposure were at a similar disadvantage for language and reading development compared to those from non‑signing families.
By late elementary school, participants exposed to sign language, regardless of short or long‑term exposure, were three to four times more likely to exhibit below average speaking and reading comprehension delays, relative to hearing peers.
Across all outcomes examined, children with cochlear implants exposed to sign language from a young age exhibited a long‑term disadvantage, compared to those from non‑signing families.  Although the groups appeared similar at baseline assessment, collected prior to cochlear implanation, they increased at sign exposed groups. 
Therefore, we concluded that if the long‑term development of spoken communication in literacy is the primary objective for the child with a cochlear implant, focus on early spoken input increases the probability of achieving those goals.
Thank you, I am happy to take some questions.  I am sure I'm going to have some.  Does anyone have a tissue, by any chance? That's not going to help my nose from running with the allergies.  I need a tissue, thank you.

>> I have a question. 
>> Thank you, go ahead. 
>> Looking at the research that you've done and you said that you compared the children with cochlear implants to typically‑developing hearing peers. 
>> Yes. 
>> Now, what the research tells us about deaf children is when they learn sign language, they are bilingual children. And the bilingual development of children is very different from monolingual children.  So we can expect to see speech delays, quote unquote, if you are comparing them the children who only know one language.  Did you compare them to monolingual hearing children, or multi‑lingual hearing children? In that case, you will see development that is typical for bilingual, multi‑lingual, child.  So did you compare to multi‑lingual hearing children, or only? 
>> So the normative sample for the test that we used for the Castle and the Woodcock‑Johnson are based on monolingual English speakers.  However, there are not norms for bilingual children on those measures and that prevents us from examining it in that fashion. 
>> Hi, thank you for your talk.  I have one question and a couple of comments.  The first question is: How did ‑‑ how did the families decide whether they are going to not sign, or do short‑term sign, or do long‑term sign? And were those groups evenly distributed among the centers in the multi‑centered trial? 
>> That's a great question.  All parents were equally ‑‑ they were appropriately counseled regarding communication options. It wasn't that necessarily one center was pushing sign language and the other was pushing oral language.  It wasn't like that at all.
And there were a lot of different types of sign as well.  So, the parents could report that they were practicing ASL or signed exact English, or pigeon sign, or baby sign.  So parents could indicate lots of different ways that they incorporated sign into their exposure.  For them to be considered in one of the short‑term or long‑term signed groups, they had to sign at least 10 percent of the time.  And we did, just to be clear, we looked at how much the parents said that they were signing and whether they signed more than 50 percent of the time, or less than 50 percent of the time, there was no difference in the spoken language or reading outcomes at all.  
>> So my first comment is: I would be very, very careful about confusing correlation with causation.
So, you know, what you have found is that children of families that reported long‑term signed use have these differences in the outcomes.  But it could easily be because these kids were initially not responding very well to the CIs, which is why parents were using more sign and they ended up in those groups. 
>> Can I comment on that real quick? Because you are very right, and I agree with you.  It is possible that the kids were not showing early progress and that is why the parents continued to sign because, above all, what we want all is to communicate.  We want the parents to communicate with the child, that is number one.  I absolutely 100 percent agree with that.
Another point, which I don't know if you are going to bring, I will let you go.  If you don't say it, I will. 
>> In terms of the analysis of the confounders, you know, looking at your baseline demographics, there were small differences between the no‑sign group and the signing groups in terms of maternal education and socio‑economic status.  I was wondering if you explicitly accounted for those confounders in a multi‑variate analysis in those speech and language outcomes.  It is not appropriate to dichotomize into those three groups and determine they are statistically different from each other.  Have you done a multi‑variant analysis on that? 
>> We have not, with no differences in the baseline measures, if we are looking at these kids and thinking about it clinically and looking at them at baseline, there is no difference, there is no significant difference.  I think it is a 5 percent difference for what you are talking about for maternal education and the percent under 50K. 
>> Maternal education was 69 percent versus 50‑something percent.  So it was, whether it is clinically significant, or whether it is statistically significant, are two different things.  And you should certainly be able to do an explicit multi‑variate analysis there, especially if you are going to try to make ‑‑ if you are erring on the side of making causation‑type statements that you have had. 
>> I don't think I have said anything about causation, I said there's a statistically difference between groups, and I did not say that signing caused these children to have poorer outcomes, but that there's a significant difference between the groups.  I want to be clear, I didn't ever say that it was because they were signing, I'm saying that because those two are hanging together in our data ‑‑ 
>> Yeah. 
>> I don't want you to think that A causes B. 
>> You have to be careful, in one of the statements, the answer to question two, you said whether it promotes better speech and language outcomes.  And whether something promotes a particular outcome, that language implies causation.  Be very careful, because these statements have a lot of weight and, full exposure, I'm a cochlear implant surgeon.  So I'm like ‑‑ yeah.  
>> No, I understand.  And I appreciate ‑‑ no.  I appreciate your comments.  But I don't want the message to be that I'm saying because you sign with your child, this is going to happen.  That's not the case.  I'm saying, based on our data, with no agenda and looking at data that we had that, from a longitudinal database, this is what our data are showing.  
>> [ Speaker far from mic ]. 
>> I'm happy to stay and answer questions.
Thank you for coming, have a safe trip home.
[  Seminar concluded ]. 

