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WHY HAS THERE BEEN SUCH A LONG DELAY IN

DEMONSTRATING THE EFFICACY OF EARLY

INTERVENTION?

Clinicians who work with children who are hard of hearing have always known that the

earlier such children are given training, the better the outcome will be. But the concept

was not accepted generally because it was said that "there are no hard data to prove that

earlier is better."

Unfortunately, it has been difficult to obtain these data because when one is dealing with

a physical handicap for which known treatment is available, the classic research design

breaks down. What researcher would deny treatment to a newborn found with

phenylketonuria, just to put that child in a traditional control group? Likewise, what

researcher would refuse a hearing aid for a child with hearing loss and deny therapy just

to demonstrate a difference between intervention and nonintervention? The standard

double-blind study so cherished by medicine would be an execration when applied in

this way to a child with such a loss.

The investigation by Christine Yoshinaga-Itano, PhD, was funded by NIH Grant NO1-DC-4-2141.
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Another obstacle to obtaining appropriate data was that, until recent years, very few

infants were screened at birth. Thus, inadequate numbers were available to conduct any

respectable research project, and infants at birth were certainly requisite to such a

project because birth is the ultimate point to demonstrate early intervention (the future

may require an extension of that "early" time, as we shall see later).

Time and technology have finally combined to give us, at last, the answers to our

questions: Neurologists have analyzed the early development of the infant brain with

sophisticated techniques; audiologists are using technical instrumentation to identify

hearing losses at birth; and universal newborn hearing programs have produced

adequate numbers of infants to facilitate research projects demonstrating the efficacy of

early intervention at birth.

SCIENTIFIC REPORTS ESTABLISHING THE BIOBEHAVIORAL

NATURE OF LANGUAGE AND THE NEED FOR EARLY

INTERVENTION

Several psycholinguists and neuroscientists years ago proposed the concept that

language input must be received at an early age or it will never develop optimally. These

included Chomsky, [2] Lenneberg, [14] Dennis, [7] Clopton and Silverman, [4] Menyuk, [17]

Ruben and Rapin, [21] Horn, [11] Eimas and colleagues, [9] Eimas and Tartter, [8]

Eisenberg, [10] and many others. The psycholinguists Chomsky, [2] Menyuk, [17] and

Lenneberg, [14] postulated a biobehavioral basis for language learning that existed roughly

in the first year or two of life. Lenneberg [14] stated:

Age-linked emergence of behavior may be due to such a variety of factors that this

phenomenon by itself is of limited heuristic value when it comes to tracing evolutionary

origins of behavior. In the case of language, the limiting factors postulated are cerebral

immaturity on the one end and termination of a state of organizational plasticity linked

with lateralization of function at the other end of the critical period.

The speech scientists showed that most newborns can discriminate sound on the basis of

frequency, intensity, and stimulus-dimensionality. Eimas and colleagues [9] showed that

infants at 1 month were able to make categorical perceptions of voice onset time. They

assumed that these detectors are operative shortly after birth and may be made

functional by merely experiencing speech. It must be remembered that such experience

begins at 5 months' gestational age. And indeed, Locke, [16] a researcher in Great Britain

in 1998, indicates that children begin to pick up on the rhythms of speech long before

they are born. Thus, he confirms the earlier studies of DeCasper and Fifer, [6] who

showed through a sucking paradigm that infants at birth preferred their mothers' voices

over nonmaternal voices. The newborns had had 4 months of listening to the mother's

distinctive voice and speech before birth.

Eisenberg's studies [10] bear out the fact that speech is familiar to newborns. She found

that newborns respond selectively to the dimensionality of human speech, indicating the

possibility that some preadaptive auditory reactivity is operating here. Auditory

perceptions may thus have the same biobehavioral basis that language seems to have.

For those who question how much of parents' speech can be heard intrauterinely, two

researchers were able to demonstrate that sufficient speech could be accessed by the

fetus to give rhythm, intonation, frequency variation, stress, and 
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phonetic components of speech. Querleu and colleagues [18] of France performed

intrauterine measures on humans, finding that 64% of the mother's phonemes and 57%

of male speech were recognizable when recorded in utero and played back to

observers. Armitage and colleagues [1] measured the sound level inside a pregnant ewe's

amniotic sac by placing microphones inside the sac in the normal fluid environment. They

found that, although many of the high frequencies of speech were absorbed by the fluid,

the lower frequencies were quite audible. There is no doubt that stimuli are sufficient for

a great deal of "wiring" to take place in the auditory cortex before birth.

The early neuroscientists [4] [5] [21] agreed that at least part of the auditory nervous system

relies on auditory input for its development--also during the first year or two of life. They

were in agreement that environmental sounds have the greatest effect in shaping auditory

ability from the time the inner ear and eighth cranial nerve first become functional to the

time when maturation of the central nervous system is achieved--roughly from the fifth

month of gestation to between 18 and 28 months.

It was not until later that theories came together on the exact time line for the

development of auditory perceptions and of language. Scientists are now aided by new

technologies that permit access to brain activity. Chugani, [3] a pediatric neurobiologist at

Wayne State University, uses positron-emission tomography to measure the activity in

the primitive brain stem and sensory cortex from the moment infants are born. He finds

that immediately after birth, infants' brains begin forming the microscopic connections for

sensory learning. He sees that infants' brains are still forming long after these children

have left the womb, forming the synapses responsible for learning. At birth, the brain's

100 billion or so neurons form more than 50 trillion connections (synapses).

Experience--coupled with all the signals that a baby receives from the world--seems to

exert its effects by strengthening synapses. Just as a memory fades if it is not accessed

from time to time, synapses that are not used also wither away through a process called

pruning. The way to reinforce these wispy connections is stimulation--meaningful

auditory and other sensory experiences.

Kuhl [12] of the University of Washington also has used new technology to come to the

same conclusion. Through electric measurements, she has researched infants' auditory

maps, which she finds are completely formed by 12 months of age. But by 6 months,

infants have already learned all the basic sounds of their native language.

Rossetti [20] stated it well: "Language is the single best predictor of future cognition in

children, and each month that passes in the first year without hearing could well represent

a loss of language learning and of an opportunity to provide compensatory skills."

The weight of these basic scientific studies impelled audiologists to find ways to identify

hearing loss at birth so that the early plasticity of the brain could be accessed for auditory

learning. Several studies were undertaken to demonstrate that intervention at birth was

requisite.

RETROSPECTIVE STUDIES ON EARLY INTERVENTION

Levitt and colleagues [15] produced a classic study that recorded data on the

development of speech and language of 120 children 10 to 14 years old over a 4-year

period. The children's losses ranged from 40 dB to more than 80 dB. They found that

the only major variable affecting language skills was the age of identification of the

hearing loss. As could be expected, the best language 
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skills were acquired by those whose deafness occurred postlinguistically. The

psycholinguist Lenneberg [14] said of this phenomenon, "It seems as if even a short

exposure to language, a brief moment during which the curtain has been lifted and oral

communication established, is sufficient to give a child some foundation on which much

later language may be based."

Levitt and colleagues [15] also found that the speech intelligibility of children with hearing

impairment was directly proportional to the degree of their hearing losses--the greater

the loss, the poorer the speech. But in a startling revelation, they determined that the

language and educational achievement skills were not related to the degree of hearing

loss. Children with milder losses ( 40 dB) had reduced language skills quite similar to

those of children with losses as great as 110 dB. The only major variable affecting

language was the age of identification, which was rarely less than the age of 3 years.

These findings give credence to the biobehavioral theory of language acquisition.

Similar findings to Levitt's have been reported by the Ski*Hi* project in Utah [22] in a

follow-up study of 5000 infants identified and habilitated through the Utah High Risk

Newborn Hearing Screening Program. These investigators found that "using

multiple-regression analyses, only program-start age served as a predictor of post-test

expressive and receptive language quotients."

PROSPECTIVE STUDIES ON EARLY IDENTIFICATION AND

INTERVENTION

The Colorado Study

A Colorado researcher discovered the most optimal time of beginning intervention. A

1998 study by Yoshinaga-Itano [23] at the University of Colorado was facilitated by the

fact that the state-wide Public Health Department Universal Newborn Hearing Screening

Program had been in operation since 1990, and a few private hospital programs had

been in operation for almost 10 years. The screening programs produced sufficient

numbers of children whose losses were identified at birth to make comparisons with

children whose losses were identified later. Many hundreds of early and later-identified

children with hearing loss had been followed by the University of Colorado study for

more than 10 years. This study and its findings merit close examination.

Outcome Study on Early Intervention 

A total of 150 children with varying hearing losses and varying ages of identification were

enlisted for the study, with those identified by 6 months of age comprising almost half of

the group. Subjects ranged in age at time of testing from 12 to 36 months. They were all

given the Minnesota Child Development Inventory, which includes both a Receptive and

an Expressive Language Scale. All but four of the children in the data base had received

immediate appropriate intervention services through the Colorado Public Health

Department's outreach program of early childhood education or through private

agencies--services that were individually tailored by developmental assessment data. The

pertinent findings are summarized as follows.

The Optimal Point for Identification Is Before 6 Months.

The children whose hearing losses were identified before 6 months of age had receptive

and expressive language quotients significantly higher than did children whose hearing

losses were identified after 6 months of age. As can be seen in Figure 1 , the differences

averaged 20 developmental quotient (DQ) points, well over
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              Figure 1. Mean total language quotient scores for total sample by age of

              identification of hearing loss. Using covariance, the means have been adjusted

              for differences in cognitive skills.

statistical significance. The impact of identification by 6 months was present regardless of

gender, secondary disability, socioeconomic status, cognitive status, or type of remedial

services obtained (e.g., sign language, total communication, or oral training).

The Early-Identified Children with Normal Cognition Had Language Within Normal Range.

Whether their losses were mild, moderately-severe, severe, or profound (all

sensorineural), on the average, the children with normal cognition who were identified

and given intervention by 6 months developed language skills within normal range. Figure

2 shows that this group had average DQs of 90, which is well within the normal range of

functioning. Cognitive functioning (CQ) was measured by the Play Assessment

Questionnaire. When one looks at the Mean Difference Scores (CQ minus language

quotient [LQ]), the discrepancy becomes even more dramatic (Figs. 3 and 4) .

The Early-Identified Children with Mild Hearing Losses Had No Better DQs than Did Those with

Profound Losses.

This finding is startling but conforms with the Levitt study mentioned. The mild hearing

loss group comprised those with hearing losses of 26 dB to 40 dB, and the profound

group had hearing losses greater than 90 dB. As Figure 2 shows, the average score of

the group with mild loss was 92, only slightly better than the average score of 90 of all

the other groups. It had been expected that children with hearing within 26 to 40 dB,

given early intervention, would develop DQs of at least 100. The fact that they didn't

causes one to speculate, Did the missed 4 months of prenatal hearing have a greater

impact than expected, leveling the playing field for all degrees of loss? Was there any

difference in the application of the remedial measures for those groups? Will greater

numbers begin to show increases in the DQs of the mild group? Future research may

answer the questions this finding raises.

The Personal-Social Quotients of the Early-Identified Children Were Superior to Those of the

Late-Identified Children.

For all degrees of hearing loss,
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              Figure 2. Average total language quotient for children with normal cognition

              by category of hearing loss and age of identification of hearing loss. Solid bars

              = by 6 months; shaded bars = after 6 months. Using covariance, the means

              have been adjusted for minor differences in cognitive skills.

significant differences were found in the personal-social quotients of the two groups (Fig.

5) . The greatest difference was found in the early identified mild hearing loss group,

which had scores 33 points higher than the later identified group. In contrast, for those

with severe losses, the difference was only 9 points. 

              Figure 3. Difference between cognitive quotient and language quotient for

              children with normal cognition by age of identification of hearing loss.

              Triangles = by 6 months; squares = after 6 months.
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              Figure 4. Difference between cognitive quotient and language quotient for

              children with low cognition by age of identification of hearing loss. Triangles =

              by 6 months; squares = after 6 months.

This detail adds another concern for the welfare of the children with mild losses.

Characteristics of treatment amplification prescription or use of hearing aids in the first

year of life may help to explain these findings. Whatever the theory, it is at present a

worrisome item. 

              Figure 5. Average personal-social quotient for children with normal cognition

              by category of hearing loss and age of identification of hearing loss. Using

              covariance, the means have been adjusted for minor differences in cognitive

              skills. Solid bars = by 6 months; shaded bars = after 6 months.
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The Boys Town Study

Corroboration of the Colorado study has already been demonstrated in a similar

investigation by Moeller of Boys Town Institute in Omaha, Nebraska (personal

communication, March 1998). Prepublication information from Moeller shows that,

although some differences were found among studies, fairly similar conclusions were

obtained. By 5 years, for example, she found better verbal reasoning skills in children

who were identified early.

The British Study

A comparable investigation was conducted in England by Robinshaw, [19] who used

three comparison groups: (1) five children with severe and profound hearing loss who

received amplification by 6 months of age, (2) a control group of subjects with normal

hearing, and (3) a group of 12 children with severe and profound hearing loss identified

at an average age of 2 years and 3 months. The children whose losses were identified

early had similar language and vocal communication to the normally hearing children. The

later-identified children with hearing loss were significantly more delayed in their language

and vocal development than both the early-identified group and the normally hearing

control group. This study not only confirms the previous ones but also adds the speech

skills to the benefits accrued from early identification--an element that had not been

reported heretofore.

SUMMARY

From these findings, the inevitable conclusion is that identification of hearing loss by 6

months of age, followed by appropriate intervention, is the most effective strategy for the

normal development of language in infants and toddlers with hearing loss. Identification

of hearing loss by 6 months can only be accomplished through universal newborn hearing

screening.

Some questions that arise as a result of these studies include: 

        What can one conclude from the finding that the language skills of children with

     mild hearing losses are no better than those with greater losses? If the finding

     holds up, it indicates a great need for investigations into biobehavior theories of

     language acquisition and into the part played by the prenatal 4 months of hearing.

     And it also shows a need for answering the question, When does a hearing loss

     begin?, because it certainly seems that all hearing losses are similar in their

     outcomes. 

        Can the findings from these studies be used to benefit normally hearing children

     who are at risk for language delays as a result of limited language environments?

     Such children suffer from auditory deprivation just as surely as those with hearing

     losses. If the language skills of the latter children can be brought to normal range

     by early intervention, the same strategy may help high-risk populations. The

     efficacy of early intervention is just as valid for these children as it is for the

     children with hearing impairment. 

Now that the benefits of early identification of children with congenital hearing loss have

been demonstrated, these benefits should be extended to all 
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children who are at risk for language delays, with appropriate interventions applied

immediately.
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