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Children with central auditory processing disorders (CAP!)) have a normal pure-

tone audiogram, however, they have difficulty understanding speech in the presence of 

background noise. The present study examined binaural hearing in normal children and 

those with possible CAPD. Each subject was administered the SCAN or SCAN-A, 

screening tests for CAPD, to determine whether they were at risk for CAPD. Participants 

were then subjected to several monaural and binaural speech tasks, in quiet and noise. 

Spondee words were utilized in each task, under headphone and soundfield conditions. 

Results showed that the experimental group had statistically significant higher 

binaural SRTs when the interstimulus interval was at a rate of 2 seconds, under 

headphones and in soundfield. Furthermore, the experimental group had a significantly 

higher binaural SRT in soundfield when the interstimulus interval was 4 seconds. There 

were no significant differences found between the groups in the noise conditions. 
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CHAPTER I 

INTRODUCTION 

Lasky and Katz (1983) described central auditory processing as the manipulation 

and utilization of acoustic signals by the central nervous system (CNS). A child diagnosed 

with a central auditory processing disorder (CAPD) presents a unique problem for all 

involved due to the nature of their communication disorder (Willeford & Burleigh, 1985). 

Such a child may incorrectly comprehend, integrate, and recall spoken language as well as 

meaningful sounds in their environment (Lasky & Cox, 1983). The difficulty in perception 

exhibited by CAPD children may be due to a deficiency in basic linguistic capabilities or 

faulty auditory perception not related to language skills (Willeford & Burleigh, 1985). 

Difficulties can include selecting and attending to appropriate auditory stimuli when 

distracted by competing signals (Lasky & Cox, 1983). These children tend to have a 

peripheral auditory system that exhibits a normal response to standard audiologic pure-

tone and speech tests. Nevertheless, auditory information is neither utilized nor 

understood without difficulty as the auditory pathway is unable to efficiently sort and 

process meaningful signals in the environment (Willeford & Burleigh, 1985). 

Tests for central auditory processing disorders were first utilized on adults to 

determine presence and site of lesion in the auditory pathway (Keith, 1996). During the 

1970's, audiologists began to express interest in administering CAPD tests to children 



(Willeford & Burleigh, 1985). Rather than administering these tests to determine site of 

lesion, researchers were interested in the functional status of a child's auditory pathway, 

especially those children who demonstrated academic and social deficits. Results of CAPD 

tests are comparable to everyday listening tasks which require accurate interpretation of 

auditory signals in the child's environment—educational or social (Willeford & Burleigh, 

1985). 

Willeford and Burleigh (1985) stated that tests for CAPD measure "auditory 

channel capacity", or the integrity of the central auditory pathway, by stressing the 

auditory system. Such tests could tax the auditory system at various levels of the central 

nervous system (CNS) in order to identify deficits in an inefficient system (Katz, 1962; 

Willeford & Burleigh, 1985). Responding to pure-tones and repeating spondee or 

monosyllabic words do not sufficiently stress the auditory system (Katz, 1962; Willeford 

& Burleigh, 1985). Thus, CAPD tests typically include some type of modified speech 

stimuli to make understanding more difficult by reducing the redundancy of the signal 

(Lasky, 1983; Willeford & Burleigh, 1985). 

As described previously, individuals with CAPD exhibit a normal pure-tone 

audiogram and speech reception threshold (SRT) scores, both of which are obtained 

monaurally under quiet conditions. However, binaural hearing is utilized in everyday 

situations where listening conditions are less than optimal. It has been shown that children 

with CAPD have diminished speech intelligibility in the presence of background noise. 

These children may have a problem with binaural interference, where "auditory 



performance for binaural stimulation is poorer than that for monaural stimulation" 

(Silman, 1995). Arkebauer, Mencher, and McCall (1971) suggested that when a binaural 

disadvantage exists, the signal processed by the two ears is defective and, therefore, the 

signal sent to the central nervous system (CNS) is distorted; the demand on the integrative 

process is too great causing speech intelligibility to suffer. 

Children with CAPD may be labeled poor listeners due to their tendency to ignore 

auditory stimuli; they often demonstrate an inconsistent awareness of sounds in their 

environment (Willeford & Burleigh, 1985). Yet, these same children are easily distracted, 

may have a short attention span, and may be unable to attend to a task for an extended 

period of time. A child with CAPD may have a slow or delayed response to auditory 

stimuli, often saying 'Huh?' or 'What?'. Willeford and Burleigh (1985) stated that the 

perception of the message may be adequately degraded so that the child needs more time 

to integrate the auditory stimuli. In favorable conditions, some of these children have 

satisfactory listening abilities. Their problem with comprehension begins to break down 

when competing stimuli is present (Willeford & Burleigh, 1985). 

The assessment of hearing sensitivity, when performed in a sound treated room, is 

based on several basic audiologic tests. The audiologic test battery employed in assessing 

hearing sensitivity includes pure-tones at several frequencies (250-8000 Hz), speech 

reception threshold (SRT), and word discrimination. Both pure-tones and speech signals 

may be used to estimate auditory threshold, the intensity at which a signal is heard 50% of 

the time (Martin, 1986). The assessment of pure-tone thresholds is a reliable measure of 



hearing sensitivity, but it provides little information regarding the receptive auditory 

communication ability of a patient (Musiek & Lamb, 1994). Because pure-tones are rarely 

heard in real-world listening situations, it is important to assess hearing sensitivity using 

speech tests. Carhart (1946) found a relationship between the pure-tone average (PTA) 

for thresholds at 500, 1000, and 2000 Hz and the intensity level that is needed for the 

understanding of speech. The correlation between the PTA and the SRT, a test of speech 

understanding utilizing bisyllabic words, or spondees, is a way to cross-check the 

reliability of the pure-tone average; the PTA and SRT should agree within +/- 5 dB HL 

(Martin, 1994). Another speech based test, word discrimination, assesses the ability to 

discriminate speech sounds; this test is presented at suprathreshold levels using 

monosyllabic words. These audiologic tests assess hearing sensitivity monaurally in a 

quiet listening environment. 

In real-world listening situations, auditory information is processed by two ears, or 

binaurally, oftentimes in the presence of background noise (Durrant & Lovrinic, 1995). It 

has been shown that the binaural advantage allows an individual to hear better in the 

presence of background noise (Koenig, 1950). According to MacKeith and Coles (1971), 

additional benefits of binaural hearing include enhanced hearing in background noise, 

intelligibility, and localization of sounds in space. The primary advantage of binaural 

processing of auditory information is increased speech understanding in background noise 

(Moore, 1991). 



Ordinarily, an individual with normal hearing sensitivity does not have difficulty 

hearing in the presence of background noise under normal listening conditions. However, 

CAPD results in an individual with normal hearing having problems understanding speech 

in the presence of background noise. Such individuals are not able to utilize or understand 

auditory information efficiently in their social or academic environment (Willeford & 

Burleigh, 1985). 

Middelweerd, Festen, and Plomp (1990) studied 15 adult patients who complained 

of reduced speech understanding in the presence of background noise. Using sentences, 

SRTs were obtained under quiet and noisy conditions for each patient. Using both steady-

state and fluctuating masking noises, SRTs were obtained for each patient at a masking 

level of 65 dBA. The patients were tested under headphones and in a reverberent room 

with speakers. SRTs were obtained monaurally under three conditions: quiet, steady-state 

masking noise, and fluctuating masking noise. Binaural scores were only obtained when 

the speech signal and fluctuating masking noise were presented simultaneously. In the 

reverberent room, SRTs were obtained monaurally for the steady-state noise by occluding 

and masking the non-test ear; once again, binaural results were obtained in the presence of 

the fluctuating masking noise. The investigators were able to demonstrate that patients 

under headphones obtained a higher SRT than the control group in all test conditions. 

However, under reverberent conditions, binaural gain was present in both groups, but the 

difference between the two was not significant. When comparing the normal group to the 

patients, the researchers concluded that the patient's SRT in noise significantly deviated 



from the normal-hearing reference group (Middelweerd et al., 1990). They further 

stipulated that the problem in the hearing function of the patient group could be caused by 

impaired temporal resolution. 

A case report by Gravel and Stapells (1993) described a young child, P, with 

auditory processing deficits. They determined his hearing sensitivity to be within normal 

limits, with a PTA of 13 dB HL in the right ear and 18 dB HL in the left ear. However, 

the soundfield speech threshold for P, obtained with Auditec's recording of Children's 

Spondaic Words, was found to be 35 dB HL; the binaural speech threshold and the PTA 

calculated for each ear were inconsistent. On a subsequent visit, the Pediatric Speech 

Intelligibility (PSI) test was administered to P, presenting the contralateral competing 

message at several different message-to-competition ratios (MCR). Based on the PSI 

scores, the researchers suggested that P could not inhibit competitive information, at any 

presentation level, to the right ear due to a left ear weakness. Based on behavioral speech 

measures, they further proposed that in educational settings, where background noise is 

encountered, P's speech-processing disorder worsened. 

As demonstrated in the above studies, there exists a population in which normal 

audiometric results are obtained monaurally under quiet conditions; however, when 

binaural SRTs were assessed in the presence of competing noise, speech scores were 

reduced. It is well known that normal speech intelligibility in the presence of background 

noise is dependent on normal hearing sensitivity, in addition to an intact central auditory 

system (Ferman, Verschuure, van Zanten, 1993). The purpose of the present study was 



to determine if there is a relationship between binaural SRT scores under various test 

conditions in children whose test results on the SCAN or SCAN-A, screening tests for 

CAPD, suggest the presence of a central auditory processing disorder. Specifically, the 

experiment was designed to assess the following experimental hypotheses: 

1. The masked monaural and binaural speech reception level (MSRL) will be 

significantly higher in children with possible CAPD than in non-CAPD 

subjects. 

2. Children with possible CAPD will have significantly higher binaural SRTs 

than non-CAPD subjects when the interstimulus interval between spondee 

words is reduced. 



CHAPTER II 

RELATED LITERATURE 

Binaural Hearing 

Speaks (1975) has suggested that binaural hearing is superior to monaural hearing 

due to stronger and more abundant contralateral pathways. The binaural, contralateral 

pathways begin as a collection of neurons from each cochlear nucleus, crossing over the 

midline to the superior olivary complex (SOC) on the opposite side. Due to the ipsilateral 

and contralateral pathways the SOC receives information from both ears and is a principal 

area of initial binaural processing of information. Through decussation, binaural 

processing also occurs at higher levels in the central auditory pathway, the lateral lemnisci 

and inferior colliculi. All auditory fibers terminate on the medial geniculate body of the 

thalamus before being directed to the auditory cortex (Durrant & Lovrinic, 1995). 

Consequently, numerous representations of the signal exist in the central auditory nervous 

system, resulting in binaural hearing being greater than that of monaural hearing (Moncur 

& Dirks, 1967). 

MacKeith and Coles (1971) studied the correlation between binaural and monaural 

listening under several test conditions. Subjects with normal audiograms were presented 

with speech signals in the presence of background noise in free field via loudspeakers. 

The azimuth of the loudspeakers was varied over an appreciable range to determine the 



most advantageous monaural and binaural listening conditions. The subjects were placed 

in a foam lined room for all but two conditions, in which they were placed in a more 

reverberent room for testing. To produce a partial monaural conductive listening 

condition, a fluid-sealed ear muff, which provided 39 dB average attenuation over 500 to 

2000 Hz, was placed on one of the subject's ear. A total monaural condition was 

produced by placing an insert earphone with broad band masking in the subject's ear under 

the ear muff. Subjects were administered the Fiy phonetically balanced (PB) word lists 

(1961) without a carrier phrase at several signal to noise (S/N) ratios. The competing 

noise was varied in 5 dB steps until an average intelligibility score of 50% was obtained. 

This score was described as the masked SRT level. The words were presented from one 

loudspeaker while the competing noise was presented from the opposite loudspeaker. The 

test conditions included occluding the right ear, occluding the left ear, and binaural hearing 

with neither ear occluded. The binaural test condition was always the second test, while 

the occluded ear tested first was varied. MacKeith and Coles (1971) found that there was 

a 3 dB S/N ratio advantage of binaural hearing over monaural near-ear hearing, which was 

determined by the various orientations of the loudspeakers. They further found that room 

reverberation significantly reduced the squelch effect which caused a reduction in the 

potential binaural advantage. The investigators stated that the maximum binaural 

advantage (binaural over monaural far-ear hearing) was observed when speech and 

competing noise were directed straight toward each ear from opposite sides of the head. 

In a study by Shaw, Newman, and Hirsh (1947), several experiments were 
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conducted to determine the advantage of binaural hearing for pure-tones and speech in 

normal hearing subjects. Initial findings demonstrated binaural thresholds for pure-tones 

to be 2 to 6 dB better than the average (better ear and normal ear) monaural threshold. In 

addition, the researchers determined that the binaural threshold was lower than the better 

ear monaural threshold. Subsequent experiments by Shaw et al. (1947) found that when 

the two ears are matched, meaning the pure-tone stimuli are presented at a functionally 

equal level, a binaural summation, a perceived increase in loudness, of about 3.6 dB is the 

result. Their final experiment focused on binaural summation for speech stimuli. Shaw et 

al. (1947) determined the binaural speech advantage to be approximately 3.2 dB, a value 

that closely corresponded to the binaural advantage for pure-tones. 

Silman (1995) suggested that although binaural speech intelligibility is superior to 

monaural, binaural interference can exist which will result in binaural performance being 

poorer than when asymmetric scores are obtained for monaural performance. Jerger, 

Silman, Lew, and Chmiel (1993) described binaural interference as a condition in which 

the poorer ear response may hinder the better ear response, leading to reduced binaural 

performance scores. Jerger et al. (1993) postulated that this condition could be the result 

of a peripheral or central disorder leading to binaural interference . Binaural interference, 

if central in nature, could explain, to some extent, central auditory processing disorders. 

Effects of Reverberation on Hearing 

Koenig (1950) studied room effects, such as reverberation and noise levels, on 

binaural hearing. He stated that an important component of binaural hearing is the ability 
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of the system to suppress or 'squelch' reverberation and background noise, and focus 

upon the desired signal. The investigation suggested that when listening binaurally, 

background noise fades to a low level, within seconds, when the individual is not 

consciously listening to it; however, at any time, the individual may focus on any single 

noise. Koenig (1950) also determined that the binaural auditory system allows individuals 

to understand speech in rooms with high noise levels, even when noise levels are higher 

than speech levels. 

The presence of reverberation distorts the speech signal and causes the decoding 

of the stimulus to be difficult for elderly people, as well as, young children (Mabelek & 

Robinson, 1982). Nabelek and Robinson (1982) investigated the effects of reverberation, 

a common distortion, on the perception of speech in normal hearing subjects divided into 

different age groups. The speech stimulus used was the Modified Rhyme Test; a male 

speaker presented the phrase, "Say the /word/ again." The tests utilized in this study were 

processed through a room in which reverberation time could be controlled. By the 

installation of absorptive panels on the walls and floor, the reverberation time could be 

varied. Both monaural and binaural results were obtained in order to explore the 

advantage of binaural hearing in reverberation. They concluded that maximum 

performance in reverberation by the elderly and children was achieved at 70 dB SPL, a 

level 10-20 dB SPL greater than for young adults. The investigators also concluded that 

binaural hearing, in the presence of reverberation, provided a significant benefit for speech 

discrimination, for all ages, over monaural hearing under the same conditions. Moreover, 
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Yonovitz, Dickenson, Miller, and Spydell (1979) found that speech intelligibility was 

enhanced when the signal was presented binaurally and with visual cues. 

Maturation of hearing acuity may explain why children have poor hearing in the 

presence of background noise. Fior (1972) studied auditory system maturation by 

administering several audiologic tests to children ages 3 to 13 years. In addition to the 

basic audiologic battery, these children were given several other tests (Adaptation test, 

Fatigue test, Luscher test, and modified Langenbeck test), including speech intelligibility 

tests masked by continuous white noise. The number of errors on the masked speech 

intelligibility test was found to decrease with increasing age. Based on these results, Fior 

(1972) concluded that maturation of hearing acuity was gradual, reaching its maximum by 

ages 10 to 13 years. Kennedy (1957) examined the maturation of hearing acuity in 

subjects ages 6 years to young adults (18 to 23 years old). Using pure-tone audiometry, 

the study concluded that hearing is a maturational process. In addition, Biyant (1907) 

stated that hearing acuity attains its maximum during adolescence and then declines 

gradually to a low point in old age. 

Central Auditory Processing Disorders 

Keith (1986) described CAPD as "the inability or impaired ability to attend to, 

discriminate, recognize, remember, or comprehend information presented auditorially, 

even though the child has normal intelligence and hearing sensitivity." As noted earlier, 

pure-tone hearing sensitivity does not accurately describe the ability to process speech 

signals (Gordon & Ward, 1995). This ability "includes an awareness that a signal exists 
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and a recognition that the signal carries meaning to be interpreted., comprehended, 

accepted or rejected, responded to, and perhaps remembered" (Lasky & Katz, 1983). 

Even though individuals with CAPD possess normal hearing, they often misunderstand, 

give inconsistent responses, and/or ask to have the message repeated (Gordon & Ward, 

1995). 

The origin of CAPD is not known for certain, however, several studies indicate 

that cigarette smoke, cocaine, and lead exposure have a deleterious effect on the central 

nervous system. McCartney, Fried, and Watkinson (1994) found that smoking during 

pregnancy and second-hand smoke produced dose related effects on children. Neonates 

exposed to smoke before birth displayed decreased auditory responsiveness and rate of 

auditory habituation. McCartney et al. (1994) suggested a correlation between CAPD and 

prenatal cigarette exposure in older children based on results of the SCAN, a central 

auditory processing test. Such children performed poorly on the dichotic subtest of the 

SCAN, suggesting difficulties in auditory processing when two different signals are being 

presented simultaneously to both ears. Salamy, Eldredge, Anderson, and Bull (1990), and 

Shih, Cone-Wesson, and Reddix (1988) were able to demonstrate a relationship between 

CAPD and children exposed to cocaine in utero. Using electrophysiological measures, 

they discovered that the absolute latencies and interpeak latencies of the auditory 

brainstem response (ABR) were prolonged in these individuals. However, Salamy et al. 

(1990) found that as a result of developmental processes, by three to six months of post-

conceptual age, the latencies decreased to match age appropriate norms. Several studies 
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have investigated the effects of exposure to lead in relation to CAPD. Such children 

exhibit poor auditory processing abilities, reduced IQ, and elevated hearing thresholds 

(Schwartz & Otto, 1987). Dietrich, Succop, Berger, and Keith (1992) discovered that 

five-year-old children exposed to lead performed poorly on the filtered word subtest 

(FWS) of the SCAN, such that the FWS score was inversely related to blood lead levels. 

Central auditory processing disorders may be evaluated through one of a variety of 

procedures. The SCAN and SCAN-A, screening tests for auditory processing disorders, 

and the Willeford Battery all include various auditory tasks to determine the presence of 

CAPD in children. The SCAN, which can be administered to children ages 3 to 11 years, 

includes three subtests: Auditory Figure Ground, Filtered Words, and Competing Words. 

The Auditory Figure Ground and Filtered Words subtests explore areas of auditory 

performance related to "poor resistance to distortion in the acoustic environment and poor 

listening skills in noise" (Keith, 1986). The Competing Words subtest is utilized to obtain 

developmental information about a child's auditory system. The SCAN is an imitative 

auditory processing test which does not emphasize cognitive and memory aspects of 

audition, making it a true test of auditory processing (Keith, 1986). The SCAN-A, an 

expansion of the SCAN, is a screening test for auditory processing disorders in children 

over the age of 11 years and adults. This test includes four subtests: Filtered Words, 

Auditory Figure Ground, Competing Words, and Competing Sentences. The Filtered 

Words and Auditory Figure Ground subtests provide information on auditory perception 

of distorted speech. The two dichotic tasks, Competing Words and Competing Sentences 
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subtests, provide developmental information on the auditory system, including auditory 

maturation (Keith, 1994). Keith (1994) described children diagnosed with CAPD as a 

subset of a larger group of children with learning disabilities. 

Willeford (1977) suggested a test battery approach when testing for CAPD in 

children. The Willeford Battery contains Dichotically-Competing Messages, Filtered 

Speech, Binaural Fusion, and Alternating Speech tests. The dichotically competing 

message is a test of binaural separation using sentences. The test sentence is presented at 

a message-to-competition ratio (MCR) of -15 dB HL, meaning the competing message is 

15 dB HL louder than the test signal. This dichotic test represents function at the highest 

level of the central auditory pathway, the temporal lobes. The filtered speech test consists 

of speech that has been filtered or attenuated in the higher frequencies by 18 dB per 

octave. The filtered speech task has been described by Bocca and Calearo (1963) as an 

accurate method of assessing the function of lower centers of the temporal lobes. The 

binaural fusion task involves one ear receiving the lower frequency information while the 

contralateral ear receives the higher frequency information of a single word. When a 

segment is presented alone, word perception is hindered; however, when the segments are 

combined, the central auditory system is able to fuse the two segments into the original 

word. Matzker (1959) believed that this task involves processing at the brainstem level. 

The alternating speech task consists of stimuli alternating between the patient's ears every 

300 ms. This particular test "purportedly reveals brainstem and/or diffuse cerebral 

efficiency" (Willeford, 1977). A test battery approach, incorporated in the Willeford 
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Battery and the SCAN, allows for assessment of the integrity of the central auditory 

nervous system at various levels as all levels are equally susceptible to damage or disease 

(Willeford, 1977). 

The Staggered Spondaic Word Test (SSW), as described by Katz (1977), allows 

for the assessment of central auditory processing disorders in individuals between 11 and 

60 years. Because pure-tone and speech audiometry do not sufficiently tax the central 

auditory nervous system, cortical impairments must be identified by placing a heavier 

burden on higher auditory mechanisms. This may be accomplished by using difficult 

material to evaluate the patient (Katz, 1962). Katz (1962) stated that "the SSW test 

incorporates the stability of English spondaic words and the demanding features of a 

competing message technique in order to study insufficiency of the higher auditory 

nervous system." The SSW involves the presentation of spondaic words in a non-

competing and competing manner. The first syllable of the spondaic word is presented 

non-competitively to the right ear. The second syllable of the first spondaic word is 

presented simultaneously to the left ear with the first syllable of the second spondaic word; 

for example, the last syllable of the first spondaic word and the first syllable of the second 

spondaic word are presented competitively. The last syllable of the second spondaic word 

is then presented without competition. The SSW facilitates assessment of brain and 

brainstem disorders (Katz, 1977). 

Keith, Rudy, Donahue, and Katbamna (1989) compared the results of the SCAN 

with other tests for language and central auditory disorders, including the SSW, 
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competing sentence test (CST), Peabody Picture Vocabulary Test (PPVT), and the 

Clinical Evaluation of Language Fundamentals (CELF). These tests were administered to 

children 6 and 15 years of age. They found a high correlation between the SCAN and 

PPVT, but not between the SCAN and CELF. Keith et al. (1989) also found a significant 

correlation between the competing word subtest of the SCAN and the SSW and CST; 

however, the Filtered Word and Auditory Figure Ground subtests of the SCAN were not 

found to be highly correlated to the SSW or CST. The investigators stated that this low 

correlation may indicate that dichotic tests measure different auditory processing abilities 

than the low redundancy speech tests. Therefore, by employing a test battery approach, 

additional information can be obtained about the central auditory system. 

Although several tests exist for the evaluation of CAPD, such as the Willeford 

Battery, SCAN, SCAN-A, and SSW, a survey by Peck, Gressard, and Hellerman (1991) 

demonstrated that there are no consistent interpretation techniques for test scores, Keith 

(1984) stated that "We have 'gotten on' with testing and remediation without agreeing to 

definitions of the terms or of reaching consensus on the issues involved." Peck et al. 

(1991) discovered that the CAPD tests are not steadfastly embraced by experts in the 

field. They further warn that the results of such tests must be interpreted with caution. 

Relationship Between CAPD and Learning Disorders 

A positive correlation exists between central auditory processing disorders and 

learning disabilities (Hasbrouck, 1980). Evidence indicates that learning disabilities result 

in poor performance on several central auditory tests (Musiek & Lamb, 1994). Barr 
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(1972) stated that evaluation of a child's auditory perceptual disorder must often wait for 

the onset of expressive problems in speech, reading, spelling, and writing. Central 

auditory evaluation of the learning disabled child has been used in assessing indirect 

auditory deficits that may hinder academic achievement (Musiek & Lamb, 1994). Harris 

(1960) described a predicament he termed the "multiplicative hypothesis" of combining 

distortions. Multiplicative hypothesis occurs when a learning disabled child performs 

normally on speech reception tests because the speech signal is undistorted; but, hearing 

difficulties exist in the classroom where the speech signal may be distorted in more than 

one way. These multiple distortions, which characterize real-world listening situations, 

may be more sensitive in depicting auditory processing problems (Bornstein & Musiek, 

1992). 

Marsh (1973) studied the effects of auditory figure ground (AFG), the ability to 

attend to and perceive one signal when presented with competing signals, on normal 

hearing children using spondee words presented in a background of noise. White noise 

was supplied through the same channel as the spondees, which were presented at 40 dB 

HL, at several different signal-to-noise ratios (S/N ratios): 40/38, 40/34, and 40/29 dB. 

Marsh (1973) was able to show a correlation at each S/N ratio between auditory figure 

ground ability, development, IQ (measured by the PP VT), and academic success. It was 

determined that with increasing age and higher IQ, errors on the AFG test decreased. 

Children with poor academic success made more errors on the auditory figure ground test. 

Because memory is important in terms of academic success, the investigator suggested 
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that continuous disruptions by noise effected the process of storing auditory information, 

which could lead to frustration and possible failure. 

Pinheiro (1977) evaluated learning disabled (LD) children for CAPD using several 

different tests. The goal of her study was to determine which of the tests was most 

valuable in diagnosing learning disabilities and whether all of the LD children had the same 

auditory processing difficulties. Subjects for the study had normal hearing and 

intelligence and were diagnosed as LD by the school system. The Edinburgh Handedness 

Inventory and the Auditory Sequential Memory subtest of the Illinois Test of 

Psycholinguistic Abilities were administered to subjects before the central auditory test 

battery. The test battery included the Alternating Speech Perception Test, Binaural Fusion 

Tests, Low-Pass Filtered Words, Competing Sentences, Simultaneous Sentences, the 

Staggered Spondee Words (SSW), and Pitch Patterns. It was consistently found that right 

ear performance was better than left on this battery of tests. Pinheiro (1977) concluded 

that all the subjects with learning disabilities had similar auditory processing difficulties as 

demonstrated by test results having essentially the same profile. All subjects had difficulty 

with the same auditory tasks, with scores that varied only in degree of severity. The 

Simultaneous Sentence and Pitch Pattern (manual response) were found to be of greatest 

diagnostic value; the Alternating Speech Perception Test and the SSW were found to be 

of least diagnostic value. These findings were duplicated by Musiek, Geurkink, and Kietel 

(1982) who found that the Competing Sentences, Frequency Patterns, Dichotic Digits, and 

SSW were more sensitive to central auditory dysfunction than the Rapidly Alternating 
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Speech Perception Test (RASP), Binaural Fusion, and Low-Pass Filtered Words. 

Pinheiro (1977) postulated that central auditory processing difficulties in the LD children 

tested in this study may be related to interhemispheric dysfunction. 

Watson and Rastatter (1985) studied the effects of 50% time compressed 

sentences on learning disabled (LD) children. The researchers investigated whether LD 

children exhibited perceptual strategies similar to non-LD children when responding to 

time compressed sentences, and if age of the child influenced discrimination abilities. The 

subjects, all of normal intelligence, were divided into a younger LD group (Y-LD) with a 

mean age of 8 years, an older LD group(O-LD) with a mean age of 12.8 years, and a 

normal group (no age given). Sentences from the Carrow Auditory-Visual Abilities Test 

were used in the study due to the contrasts represented and because they it is accepted as 

a standardized test of auditory discrimination. Watson and Rastatter (1985) found that the 

Y-LD group made significantly more errors than the O-LD group and normal children. 

They further found that feature contrasts of manner, place, voicing, and frequency 

contributed equally to the rate of errors made by the Y-LD group. The O-LD group 

errors were influenced by features such as place and voicing. The normal group of 

children were significantly influenced by the place feature. They suggested that the LD 

subjects showed significant delays in reaching auditory maturity. The investigators 

concluded that there exists an auditory-perceptual basis for learning disorders. Watson 

and Rastatter (1985) stated that "LD children manifest both delays in auditory 
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development and anomalies in auditory-feature processing that may serve to contribute to 

their learning difficulties." 

Bornstein and Musiek (1992) evaluated the effects of time-compressed speech on 

normal and learning disabled children and determined its relation to monaural and binaural 

hearing in quiet and in the presence of babble noise. Their research findings indicated that 

when normal-rate speech was presented in quiet, there was no divergence between 

monaural and binaural listening conditions for either group. However, when speech 

babble was added, speech reception decreased in the learning disabled group, regardless of 

the time-compression rate. The researchers further demonstrated that in difficult listening 

situations such as that created by time-compressed speech, a binaural listening advantage 

existed in both groups. Bornstein and Musiek (1992) suggest that the binaural integration 

mechanism does not operate as well in learning disabled children as it does in the normal 

children. Musiek and Gollegly (1988) suggested that this difference between normal and 

learning disabled children could be due to maturational differences between the groups, 

which may include myelinization, synaptogenesis, and dendritic branching. Myelin, white 

matter of the nervous system, covers the axons and expedites the speed at which neural 

impulses travel. It is believed that brainstem myelination is completed by the first year of 

life; however, myelination of the corpus callosum, which allows interhemispheric 

communication, may not be fully completed until age 10 or adolescence. Corpus callosum 

myelination may have an important role in the maturation of dichotic listening 

performance. In young children, sufficient transfer of the linguistic stimuli from the right 
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to left hemisphere may be prevented if myelination is delayed or incomplete. Dendrites are 

that portion of a neuron that allow synaptic connections with other neurons. Dendritic 

branching is a maturational process of neurons; through branching, dendrites establish 

about 10,000 neuronal connections during the first year which may continue for several 

years. Dendritic branching provides additional synapse, allowing for integration, 

processing, and transfer of more information. When dendritic branching does not occur, 

the dendrite may die. However, if dendritic branches do connect to other neurons, but the 

synapse is not utilized, the dendrite branch may not function due to sensory depravation 

(Musiek & Gollegly, 1988). 

Bornstein and Musiek (1992) suggested that because the learning disabled group 

performed poorly on tasks of time compressed speech, that there may be a subset of 

learning disabled children with auditory-temporal processing problems. These children are 

described as having a slower reaction and processing time to auditory stimuli. Broadbent 

(1958) and Treisman (1964) described this problem as the "bottleneck" principle. This 

principle is based on the premise that when an auditory-neural deficit exists, information is 

processed more slowly and redundancy may be reduced. It has been found that if an 

individual is presented with competing messages, there is a limit or point at which there 

will be a breakdown of performance (Treisman, 1964). Broadbent (1958) stated that 

capacity, in communication theory, limits the quantity of information which can be 

conveyed through a given channel in a given time, where a channel is defined as a sense-

organ. With fewer channels available, the system will overload and the flow of information 
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will be reduced. When listening to two auditoiy stimuli simultaneously, Broadbent (1958) 

found that increasing the amount of information presented to an individual decreases 

selective response efficiency. When the neurologic capacity of a system is reduced and 

the processing demands are increased for stimuli, more information will be lost. In other 

words, there is a limit to the amount of information a normal individual can absorb in a 

certain time period. This point is relevant to the idea of a limited capacity for the nervous 

system, and may, in part, explain central auditory processing disorders. 

McCroskey and Kidder (1980) were able to show a link between learning 

disabilities and the rate of speech presentation. They demonstrated that speech delivered 

at a slower than normal rate was comprehended better by some learning disabled children. 

Such improved comprehension could possibly be explained by an inefficiently operating 

auditory system. McCroskey and Kidder (1980) compared results of an auditory fusion 

test on normal and learning disabled children. In this study, auditory fusion was found by 

using two tone pulses, moved closer together in time, until they were heard as one event, 

i.e., fusion. The mean auditory fusion points for learning disabled children were lower 

than those of normal children. They further showed that frequency of stimuli affected the 

auditory fusion point in learning disabled children. Thus, the learning disabled group had 

an auditory system that could not handle time and frequency as effectively as the normal 

group. A similar study by McCroskey and Thompson (1973) demonstrated that with 

young children, the rate of speech presentation had an effect on comprehension. They 
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suggested that young children with learning disabilities should have speech presented at a 

slower than normal rate to acquire verbal skills. 

Merzenich, Jenkins, Johnston, Schreiner, Miller, and Tallal (1996) studied the 

performance of children with language-based learning impairments (LLIs) on tasks of 

temporal processing capacity. Two audiovisual computer games were designed 

specifically for the study. The first game was a perceptual identification task and the 

second game was a phonetic element recognition exercise. Initial stimuli for both games 

were devised so that it could be easily distinguished and recognized by LLI children (long 

nonverbal stimulus or consonant transition durations were presented with long ISIs (500 

ms), and consonant vowel stimuli were presented with maximum amplification of the 

consonant transition (+ 20 dB)). As training progressed, these variables were altered 

toward normal performance levels. Merzenich et al. (1996) found statistically significant 

improvements between pre- and post-test scores on the temporal event recognition and 

sequencing abilities for all subjects. The children were able to sequence stimuli of shorter 

duration and stimuli separated by shorter ISIs. Subjects were also found to have made 

significant improvements on the Phoneme Identification game, when pre- and post-test 

scores were compared. Merzenich et al. (1996) suggested that these experiments confirm 

that LLI children have a temporal processing deficit which can be overcome by training. 

Tallal, Miller, Bedi, Byma, Wang, Nagarajan, Schreiner, Jenking, and Merzenich 

(1996) studied LLI children, specifically "evaluating the effect that exposure to 

acoustically modified speech had on speech discrimination and on-line language 
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comprehension." LLI subjects were exposed to 10 different listening exercises which 

were designed to provide consistent exposure to acoustically modified speech. The 

exercises, which consisted of prerecorded, acoustically modified speech, were delivered by 

trained clinicians and through the use of computer games. After exposing the subjects to 

the modified speech for as many hours a day as possible for 4 weeks, the investigators 

found that the post-training test scores were significantly better than the pre-training test 

scores. After training the LLI subject with temporally prolonged and emphasized speech 

stimuli, the children approached or exceeded normal limits for their age in speech 

discrimination and language comprehension. Tallal et al. (1996) found that the gains 

achieved in training were substantially maintained by retesting the children 6 weeks after 

training. 

Cherry and Kruger (1983) studied selective attention in normal children and those 

with learning disabilities. They postulated that an environment abundant in competing 

stimuli may interfere with learning by causing attentional distractions. Children in the 

classroom must learn to focus their attention on the primary signal; this ability is labeled 

selective auditory attention. The subjects in this study, ages 7.0 to 8.9 years, were 

administered the Word Intelligibility by Picture Identification (WIPI) in the presence of 

white noise, speech forward, and speech backwards noise. Cherry and Kruger (1983) 

found that the learning disabled children performed worse than the normal group under all 

the noise conditions; however, both groups attained similar scores when tested in quiet. 

The greatest difference in mean scores between groups was found to be the speech 
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forward condition. Based on results of this study, the researchers concluded that children 

with learning disabilities exhibit a significant difference in selective auditory attention 

relative to normal children. The greatest attention distracter was found to be the semantic 

competing signal, or the speech forward condition. Cherry and Rruger (1983) also 

showed that selective auditory attention improves with increased age. 

Auditory stimuli is processed as a function consisting of three parts: reception, 

perception, and understanding. Reception is a sensory function that entails awareness of a 

stimulus. Allocating structure to an auditory sensation is perception; and, understanding is 

the ability to represent language with symbols. Consequently, understanding is dependent 

on what the individual receives and perceives. A central auditory disorder may lead to the 

improper reception of stimuli for processing, which can lead to a language disorder. As 

such, a child diagnosed with CAPD will most likely have language delays and academic 

difficulties (Page, 1985). Katz et al. (1972) and Willeford et ai. (1978) stated that direct 

treatment of CAPD is of little value. However, Katz et al. (1972) and Willeford et al. 

(1978) did suggest that these children be placed in a less reverberent environment due to 

their difficulty understanding in noisy environments. Other strategies suggestions for the 

remediation of CAPD included preferential classroom seating, amplification, occluding the 

bad ear, and special education classes (Peck et al., 1991). In a study by Hasbrouck 

(1980), it was observed that occluding the 'bad' ear of a child with an auditory-figure 

ground disorder improved the child's auditory attention, academic performance, behavior, 

and social interaction. Hasbrouck (1980) stated that "there is a unilateral central deficit 



27 

that prevents or interferes with normal filtering of background noise in that ear and results 

in binaural incoordination". However, the plug in the poor ear facilitated the elimination 

of binaural interference, which allowed the good ear to filter the background noise as in 

normal conditions (Hasbrouck, 1980). In contrast, Musiek and Chermak (1995) 

suggested that children with CAPD receive some type of rehabilitation. They suggested 

enrolling the child in a program that would promote the development of auditory 

perceptual skills. 

The purpose of the present investigation was to determine whether differences in 

performance existed between children with possible CAPD and normal children on several 

different listening tasks. The listening tasks consisted of those that have been shown to 

result in reduced performance in children with CAPD: rate of stimulus presentation, 

monaural versus binaural listening conditions, and masked speech reception levels. 



CHAPTER III 

METHOD 

The present study was designed to investigate whether a correlation exists between 

certain speech perception tasks and the presence or absence of possible CAPD. Recorded 

spondee words were presented in several listening modes, monaurally and binaurally, in 

quiet and in noise, under headphones and in sound field. Materials and procedures were 

chosen that could be easily manipulated and that would be readily available in most 

audiology clinic settings. 

Subjects 

A total of 16 subjects participated in this study, eight assigned to the experimental 

group and eight to the control group based on whether they were at risk for CAPD and/or 

had academic difficulties, language delays, and/or learning disorders. Subjects included in 

the control group had no reported history of CAPD, learning, language, or speech 

disorders. Subjects were obtained randomly, without regard for race or gender, from the 

Argyle Public School, Liberty Christian School in Denton, the Uni versity of North Texas 

Child and Family Resource Center (CFRC), and the University of North Texas Speech and 

Hearing Center. In order to reduce the possibility of incomplete maturation of the central 

auditory nervous system (CANS), especially in the control group, subjects were only 

considered if they were between 9 and 15 years of age (Foir, 1972). Mean age for the 
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control group was 10.59 ranging from 9.2 to 11.8. Mean age for the experimental group 

was 13.03 with a range of 10.8 to 15.2. Mean SRTs for the better ear of the control 

group was 1.89, and 7.50 for the experimental group. 

The experimental group included children who binaurally exhibited: 

(1) Normal middle ear function; 

(2) pure-tone thresholds 20 dB HL or less from 500 through 4000 Hz; 

(3) monaural SRTs 20 dB HL or less under headphones in quiet conditions; 

(4) tested at risk for CAPD as determined from results of the SCAN or 

SCAN-A; 

(5) and had not been formally diagnosed as having Attention Deficit 

Hyperactivity Disorder (AD/HD). 

The control group consisted of children who displayed 

(1) normal middle ear function; 

(2) pure-tone thresholds 20 dB HL or less from 500 through 4000 Hz; 

(3) monaural SRTs 20 dB HL or less under headphones in quiet conditions; 

(4) normal results on the SCAN or SCAN-A; 

(5) had not been diagnosed with AD/HD; 

(6) and had no present or history of learning, language, or speech disorders. 

All subjects who had not previously been screened for speech, language, and 

intelligence were given the Clinical Evaluation of Language Fundamentals-Revised 

(CELF-R) Screening Test, the Fisher-Logemann test of Articulation Competence, and the 
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Test of Nonverbal Intelligence-2 (TONI-2) or the Peabody Picture Vocabulary Test 

(PPVT). Intelligence screening was done to reduce the possibility that intelligence would 

act as a confounding variable for all experimental tests to be administered. No subject was 

included in either group who scored below 85 on the TONI-2 or PPVT. 

Instrumentation 

Equipment utilized included a GSI-33 immittance bridge, a GSI-10 audiometer 

with the subjects seated in an IAC double-walled sound-treated room, and standard TDH-

50P earphones with MX-41AR cushions. SRTs were obtained using spondees presented 

by a female speaker and pre-recorded on compact disk by Auditec of St. Louis. The 

spondees were played back through an Optimus CD-1650 compact disk player. The 

SCAN and SCAN-A were presented through a Realistic SCT-82 audio-cassette player. 

Procedure 

Tympanometry was performed on each subject to rule out middle ear disorders. 

Audiologic screening was completed on each child at 500,1000, 2000, and 4000 Hz at a 

level of 20 dB HL. If the subject demonstrated normal audiometric results and middle ear 

function, the SCAN or SCAN-A, depending upon the age of the subject, was administered 

at 50 dB HL to determine the possible presence of CAPD. All SCAN and SCAN-A test 

procedures were administered as described in the test manual. Keith et al. (1989) found 

that children with AD/HD have lower SCAN scores than those children without the 

disorder; the difference in scores was most noticeable for the Auditory Figure Ground and 

Filtered Word subtests of the SCAN. All subjects in the normal group and those subjects 
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who were at risk for CAPD as measured by the SCAN or SCAN-A, and had not been 

formally diagnosed with AD/HD, were then tested under seven conditions: 

(1) binaural SRTs under headphones using an interstimulus interval of 2 

seconds; 

(2) binaural SRTs under headphones using an interstimulus interval of 4 

seconds; 

(3) binaural masked speech reception levels (BMSRL) under headphones in the 

presence of binaural speech noise with an interstimulus interval of 4 

seconds; 

(4) binaural SRTs in sound field using an interstimulus interval of 2 seconds; 

(5) binaural SRTs in sound field using an interstimulus interval of 4 seconds; 

(6) binaural MSRLs in sound field in the presence of binaural speech noise 

with an interstimulus interval of 4 seconds; 

(7) monaural unmasked right and left ear SRTs; 

(8) monaural masked speech reception levels (MMSRL) under headphones 

with an interstimulus interval of 4 seconds with speech noise presented to 

the contralateral ear. 

Central Institute for the Deaf (CID) spondee word lists, from a commercially 

available compact disk, were used to obtain SRTs and MSRLs for all test conditions. 

Spondaic words were utilized in all test procedures due to the good intelligibility of these 
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words, even at intensity levels only slightly above threshold for speech (Katz, 1962). To 

minimize the learning effect, a different randomized list was used for each test condition. 

In the sound field conditions, subjects were seated 4,9 feet from each loudspeaker. 

Based upon a procedure described by Harris (1965), speech, or the primary signal, was 

presented from a loudspeaker at a 0° azimuth; the competing signal was presented from a 

loudspeaker at a 180° azimuth. Each subject was instructed to sit upright and look 

directly ahead at the loud speaker. Harris (1965) stated that measuring binaural 

improvement in sound field may be effected by the presentation of speech and noise from 

the same loudspeaker, uncontrolled head movements, and the sound shadow of the head. 

However, presenting both signals from different loudspeakers in a free field or binaurally 

through headphones will give a stereophonic effect, which will improve intelligibility for 

binaural hearing (Harris, 1965). 

The monaural and binaural speech thresholds were determined by utilizing the 

modified Hughson-Westlake (Carhart & Jerger, 1959) procedure until a level was reached 

in which two out of three spondees were repeated correctly. Monaural SRTs were 

obtained for each subject. Using an interstimulus interval of 2 and 4 seconds, binaural 

SRTs were obtained under headphones and in sound field. 

To determine the BMSRL under headphones and in sound field, spondees were 

held at a constant level of 35 dB HL while speech noise was varied over a 20 dB HL 

range. The speech noise was initially presented at 25 dB HL and was increased in 5 dB 

steps until the subject was no longer able to identify the spondee words. Then, the speech 
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noise was decreased by 5 dB, at which point the spondees were 100% intelligible. 

Thereafter, the speech noise was increased in 1.25 dB steps until the subject's ability to 

correctly identify the spondee words was decreased to 50% (2 correct responses out of 4). 

To obtain the MMSRL under headphones, spondees were held constant at a level 

of 35 dB HL while speech noise was presented to the contralateral ear. The MMSRL was 

defined to be the level at which 100% of the spondees could be correctly identified when 

the contralateral speech noise was presented at 80 dB HL. The intensity level of the 

speech noise was introduced gradually to prevent startling the subject. Four spondee 

words were presented to the subject when the masking noise was at 80 dB HL. If the 

subject was not able to repeat all four words, the speech noise was decreased by 5 dB until 

the subject was able to correctly identify 100% of the words. Due to complaints of the 

initial subjects when speech noise was presented above 80 dB HL, this level was never 

exceeded. To reduce order effects, the presentation sequence of the seven different SRT 

and MSRL conditions was varied randomly between subjects. 

The data obtained were analyzed using the Mann-Whitney U test for 2 independent 

samples and Pearson Product Moment Correlation. Unless otherwise stated, an alpha 

level of .05 was used for all statistical tests. 



CHAPTER IV 

RESULTS 

The purpose of this study was to investigate whether differences in performance 

exist between children who are at risk for CAPD and normal children on several listening 

tasks. The listening tasks consisted of those that have been shown to result in diminished 

performance in children with CAPD: rate of stimulus presentation, monaural versus 

binaural listening conditions, and masked speech reception levels. To determine the 

possible presence of CAPD, the SCAN or SCAN-A, depending on the age of the subject, 

was administered. 

The control group consisted of subjects who had no previous history of CAPD or 

learning, language, and speech disorders. All of the subjects in the control group were 

performing well in school. The experimental group consisted of children who were 

performing poorly in school due to some type of learning and/or language disorder. The 

subjects in this group were possibly at risk for CAPD. Three subjects in the experimental 

group had been previously diagnosed with CAPD by a speech-language pathologist in 

school or at the University of North Texas Speech and Hearing Clinic. 

SCAN and SCAN-A Results 

The SCAN and SCAN-A both contain Filtered Words (FW), Auditory Figure 

Ground (AFG), and Competing Words (CW) subtests. The SCAN-A had an additional 
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competing sentences subtest. Because 11 out of 16 subjects were administered the 

SCAN, which does not contain this subtest, it was not included in the analysis of data. 

Since the competing sentence and competing words subtests are thought to be sensitive to 

maturation of the central auditory system (Keith, 1986, 1994), no information would be 

sacrificed by the omission of the competing sentences subtest of the SCAN-A. All further 

discussion will use the term "SCAN" to refer to the combined SCAN and SCAN-A 

results. 

To ensure that the two groups were equal in intelligence, the Mann-Whiteny U test 

for 2 independent samples was performed to compare groups on this variable. Means and 

standard deviations for age, better ear SRTs, and for performance on the TONI-2 or 

PPVT, CELF-R, are shown in Table 1. There were no significant differences between the 

control and experimental groups for performance on the TONI-2 or PPVT, z = -1.74, g = 

.08. It was presumed that there would be significant differences between the two groups 

on language performance since the experimental group did contain subjects with learning 

and/or language disorders. And indeed, a significant difference between groups was seen 

for language scores with the experimental group's performance being significantly lower 

than that of the control group, z = -3.21 , p = .0013. In summary, intelligence could not 

be contributing factors to any observed differences between the control and experimental 

groups on SCAN performance. Because depressed language skills may result from a 

central auditory processing disorder, the significant difference between the control and 

experimental groups was expected. 



36 

Table 1 

Mean Age, Better Ear S RX Intelligence, and Language Scores With Standard Deviations 

for Control and Experimental Groups 

Test Groups 

Control Experimental 
M SD M SD 

Age** 10.59 0.94 13.03 1.81 

Better Ear 
SRT** 1.89 2.59 7.50 2.67 

I.Q.* 106.25 12.14 99.13 11.38 

CELF-R** 44.38 
31.00*** 

2.83 31.86 
32.00*** 

8.44 

* TONI-2 or PPVT. 
** Indicates significant difference between groups at g < .01. 
*** CELF-R screening test criterion score for the mean age. 

The purpose of administering the SCAN was to determine if children who might be 

at risk for central auditory processing disorders differed significantly from those who were 

not. SCAN composite and subtest standard scores, and standard deviations, for the 

control and experimental groups are shown in Figures 1 and 2. SCAN composite scores 

and the filtered words, auditory figure ground, and competing words subtest standard 
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scores for the two groups were analyzed using the Mann-Whiteny U test for 2 

independent samples. A significant difference was found between the groups for the 

SCAN composite score, z = -3.37 , g = .0008, as well as for each subtest standard score 

(FW, z - -2.76, g = .0058; AFG, z = -2.98, £ - .0029; CW, z = -3.02, p = 0025), 

suggesting that these two groups are different relative to their auditory processing 

abilities, with the control group performing better overall and on all SCAN subtests. 

Mean SCAN scores, standard deviations, and individual raw data are presented in Table 

A2 and Table A3. 

Pearson Product-Moment Correlation Coefficients were calculated to examine 

relationships between the SCAN and the CELF-R, and intelligence as measured by the 

TONI-2 or PPVT. Significant positive correlations were found between the CELF-R 

language screening test and the filtered words and competing words subtests, as well as 

the SCAN composite score. Intelligence was significantly correlated with the auditory 

figure ground subtest. A summary of the correlational analysis is shown in Table 4. 

Ear advantage was determined for each subject by utilizing the technique described 

by Keith (1994) in the SCAN-A test manual. Because the SCAN gives an ear advantage 

for both the right ear first and left ear first tasks, a single ear advantage was determined by 

subtracting the total right ear first task from the total left ear first task, as is done for the 

SCAN-A. A positive number indicates a right ear advantage, while a negative score 

indicates a left ear advantage; a score of zero indicates no ear advantage. Cross 
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Table 4 

Correlations of Language and Intelligence Performance With SCAN Scores 

CELF-R I.Q. 
Filtered Words 0,55* 0.44 

Auditory Figure Ground 0.48 0.77** 

Competing Words 0.53* 0.24 

Composite 0.61* 0.43 

*g< .05. **2<.01. 

tabulation was used to determine the relationship of ear advantage between the two 

groups. Results showed that 13% (1) of the control group had a left ear advantage, while 

the remaining 87% (7) had a right ear advantage. In the experimental group, it was found 

that 25% (2) of the subjects had a left ear advantage, while 75% (6) had a right ear 

advantage. When considering the total population, 19% (3) of the subjects were found to 

have a left ear advantage, and 81% (13) to have a right ear advantage. 

Monaural and Binaural Speech Results 

The primary purpose of this study was to examine both monaural and binaural 

hearing between the control group and the experimental group. Six binaural tests, 

utilizing both headphones and sound field, were administered to each subject. The mean 

and standard deviation for each binaural test administered to the groups is shown in 
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Table 5. Means for the various binaural tests were compared using the Mann-Whitney U 

test for 2 independent samples. A significant difference between groups was found on 

three of the binaural SRT tests. In the headphone condition with an interstimulus interval 

of 2 seconds, the binaural SRT averaged 10.00 dB HL (SD = 5.34) for the experimental 

group versus 3.75 dB HL (SD = 3.54) for the control group. The 6.25 dB HL difference 

was statistically significant, z = -2.28, p = .02. There was no significant difference for the 

4 second interval condition under headphones, z = -1.83, jd = .07. In the sound field 

conditions with interstimulus intervals of 2 and 4 seconds, the mean difference between 

groups was 8.75 dB HL and 4.38 dB HL, respectively. Both the 2 second and 4 second 

interstimulus intervals in sound field were found to be statistically significant, z = -2.97, g 

= .003 and z = -2.16, p =03 . Individual raw score data is presented in Table A6. 

Statistical comparison of the binaural masked speech reception level (BMSRL), 

under headphones and in sound field, failed to show a significant difference in performance 

between the two groups. Mean scores and standard deviations for both groups can be 

seen in Table 5. Even though the means for the experimental group on the monaural 

masked speech reception level (MMSRL) conditions were lower than that for the control 

group (meaning that less masking produced interference in the experimental group), the 

differences were not statistically significant, right ear, z = -1.00, g = .32, left ear, z = 

-1.00, p = .32. MMSRL mean scores and standard deviations can also be seen in Table 5. 
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Table 5 

Binaural Test Means and Standard Deviations for Control and Experimental Groups 

Groups 

Control Experimental 
M SD M SD 

Headphones Binaural 

Binaural SRT ISM 
Binaural SRT ISI2* 
BMSRL 

4.38 
3.75 

39.50 

3.20 
3.54 
2.00 

8.75 
10.00 
39.38 

5.18 
5.35 
1.92 

Soundfield 

Binaural SRT ISM* 
Binaural SRISI2** 
BMSRL 

5.00 
3.75 

45.75 

3.78 
3.54 
1.58 

9.38 
12.50 
46.38 

4.17 
4.63 
4.10 

Headphones Monaural 

MMSRLRE 
MMSRLLE 

80.00 
80.00 

0.00 
0.00 

78.75 
78.75 

3.54 
3.54 

* Indicates significant difference between groups at p < .05. ** Indicates significant 
difference between groups at p < .01. 

Correlational analysis was done to determine if there were any significant 

relationships between the binaural speech tasks and the SCAN raw scores. A significant 

negative correlation was found between the headphone condition with an interstimulus 

interval of 4 seconds and the competing words subtest raw score. Therefore as the SCAN 

subtest score increased, the binaural SRT score decreased. The BMSRL under 

headphones was found to be significantly correlated with the auditory figure ground 
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subtest raw score. A significant negative correlation was found between the sound field 

condition with an interstimulus interval of 2 seconds and the filtered words raw score. 

Therefore, as the FW subtest score increased, the binaural SRT decreased. The BMSRL 

in sound field was also found to have a significant negative correlation with the filtered 

word subtest raw score. A summary of the correlational analysis is shown in Table 7. 

Table 7 

Correlations of Binaural Speech Tasks with SCAN Subtest Raw Scores 

SCAN Subtests 

Filtered Words Auditory Figure Competing Words 
Ground 

Headphones 
Binaural SRT ISM -0.34 0.08 -0.74** 
Binaural SRT ISI2 -0.49 -0.38 -0.42 
BMSRL -0.01 0.54* 0.02 
MMSRLRE 0 11 0.32 -0.03 
MMSRLLE 0.11 0.32 -0.03 

Soundfield 
Binaural SRT ISM -0.48 -0.29 -0.45 
Binaural SRT ISI2 -0.53* -0.39 -0.49 
BMSRL -0.56* 0.42 -0.30 

*£< 05. **2 < 01. 



CHAPTER V 

DISCUSSION 

The purpose of this study was to determine if children at risk for central auditory 

processing disorders demonstrate evidence of higher binaural speech reception thresholds, 

in both noise and quiet conditions and higher masked monaural thresholds, when 

compared to children with normal auditory processing. The results obtained showed that 

children with possible CAPD did have significantly elevated binaural SRTs, under 

headphones and in sound field, when the 

interstimulus interval of the spondaic words was decreased from 4 seconds to 2 seconds. 

Again, when listening in sound field at an interstimulus interval of 4 seconds, SRTs were 

significantly lower for the control group. However, no significant difference was found 

between the two groups when masked monaural and binaural speech reception levels were 

obtained in the presence of background noise. 

Originally, the present study consisted of 22 subjects, 11 in the control group and 

11 in the experimental group. However, three subjects in the control group, who had no 

reported history of learning disorders, did exhibit depressed SCAN composite scores 

(ranging from 86 to 88) when compared to the normalized mean of 100 (Keith, 1984, 

1992). Further, three experimental subject experiencing academic difficulties had SCAN 

composite scores within the normal range (Keith, 1995). The academic difficulties 
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reported for these three experimental subjects included the following: poor verbal recall, 

difficulty with spelling, difficulty following directions, confusion in noise, and behavioral 

problems. These six subjects were omitted from the study. 

SCAN 

All subjects were administered the SCAN or SCAN-A, depending on their age, to 

determine whether or not they were at risk for possible CAPD. The subjects in this study 

were administered the SCAN or SCAN-A while seated in a double-walled sound booth. 

However, the SCAN was normed in the school setting, not in a sound treated room 

(Keith, 1986). Emerson, Crandall, Seikel, and Chermak (1997) examined SCAN results 

obtained in two different environments, a school setting and a sound booth. It was found 

that subjects showed a tendency to perform poorer on the SCAN in the school setting 

relative to the sound booth. The investigators stated that none of their subjects would 

have been identified as having CAPD by the SCAN criterion (1 SD below the mean) when 

the test was administered in the sound booth. Emerson et al. (1997) suggest that norms 

developed for the SCAN in the school setting, when used for the sound booth setting, may 

result in subtest score differences. In contrast to the findings of Emerson et al. (1997), 

experimental subjects in the current investigation actually performed poorly on the SCAN. 

This difference is probably not related to administering the SCAN in the sound booth, but 

to some other undefined variable. 

Emerson et al. (1997), found that the Otitis Media (OM) and non-OM groups used 

in their study could not be differentiated by SCAN composite results. Roughly the same 
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number of subjects from each group failed the SCAN. The results showed that 29% of 

the non-OM group and 43% of the OM group failed the test based on the SCAN 

composite score. Contrary to the findings of Emerson et al. (1997), the control and 

experimental group in the present study were differentiated based on the SCAN 

composite results. A significant difference was found between the groups based on the 

SCAN composite score, as well as, for each subtest standard score. The difference in 

findings between the two studies may be due to the subjects who were tested. The 

experimental subj ects used in the present investigation had a history of academic 

difficulties, as reported by parents, whereas the subjects in the study by Emerson et al. 

(1997) had a history of chronic OM during their first three years of life which may or may 

not have effected language/learning performance. 

The SCAN composite score norms are expressed as normalized values with a 

mean of 100 and a standard deviation (SD) of 15. Subtest norms are expressed as 

normalized values with a mean of 10 and a SD of 3 (Keith, 1986). In the present study, 

the mean SCAN composite scores for subjects in the control group fell slightly above the 

mean of 100 (101.63). Further, all control subjects scored above the criterion for normal 

(-1SD and above) on the filtered words (FW) and competing words (CW) subtests (Keith, 

1995). However, 25% (2) of the normal subjects fell 1SD below the mean on the AFG 

subtest. The difference in performance for these 2 children in the normal control group 

compared to the SCAN norms may reflect some unidentified difference from the children 
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in the normalization study. This finding may suggest a need for the development of local 

norms. 

In the experimental group, 62% (5) of the subjects fell one standard deviation 

below the mean, while 38% (3) fell two standard deviations below the mean on the SCAN 

composite score. When subtest scores for this group were examined, 50% (4) of the 

experimental subjects failed the FW subtest, 88% (7) failed the AFG subtest, and 88% (7) 

failed the CW subtest. Clearly, there was a distinct difference between the normal and 

experimental groups' performance. 

Subjects in the control group seemed to score higher on the filtered words and 

competing words subtest than on the auditory figure ground subtest. Sixty-two percent of 

the control subjects performed more poorly on the AFG subtest than on the FW and CW 

subtests. This finding suggests that for a large percentage of subjects in the control group, 

the AFG was the most difficult task. This result supports the importance of designing or 

modifying classrooms so that they provide appropriate acoustic environments for listening 

under adverse conditions since this was a difficult task for subjects in both groups. Both 

normal children and those with reduced auditory processing abilities will experience 

problems when background noise is not controlled. Finitzo-Hieber and Tillman (1978) 

stated that a normal classroom has a S/N ratio of+1 to +5 dB, however, a S/N ratio of +6 

to +12 dB is optimal for learning in the normal hearing child's classroom. Further 

research on the S/N ratio producing favorable learning conditions for a child with CAPD 

should be considered. 
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Although the subjects performed poorly on the AFG subtest of the SCAN, a 

significant difference between groups was not found in either BMSRL condition. When 

the mean BMSRL for both groups was combined, a S/N ratio of -4.44 dB HL was found 

for the headphone condition and -11.06 dB HL for the sound field condition (determined 

by subtracting the spondee presentation level, 35 dB HL, from the combined mean 

BMSRL for each condition). Thus, the subjects were able to correctly identify 50% of the 

spondee words when the S/N ratio was approximately -4 dB HL under headphones and 

-11 dB HL in sound field. However, subjects in both groups performed poorly on the 

AFG subtest when the S/N ratio was + 8 dB for the SCAN and 0 dB for the SCAN-A. 

Subjects may have performed better on the BMSRL conditions, even though the S/N ratio 

was negative, because they were familiarized with the spondee words, so they had an idea 

of what to listen for. In addition, spondee words are considered to be semantically 

redundant. In contrast, the AFG subtest consists of words, presented monaurally, in an 

open-set format. An additional factor influencing performance could be related to the type 

of competing signal used in the present study. Cherry and Kruger (1983) found that 

children were more distracted by a semantic competing signal. The competing signal on 

the AFG subtest is multi-speaker babble (Keith, 1986), however, the current study used 

steady-state speech noise. 

Marsh (1973) found a significant correlation (r = -0.28) between AFG and 

intelligence. She stated that children who performed well on the Peabody Picture 

Vocabulary Test (PPVT) had fewer errors on the AFG test. The present study found a 
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significant positive correlation (r = 0.78) between the AFG standard score and intelligence 

scores (TONI-2 or PPVT). Consequently, as intelligence scores increased, the AFG 

standard score also increased. Therefore, results of the present study support the findings 

of Marsh (1973). Keith, Rudy, Donahue, and Katbamna (1989) also found that the 

SCAN composite score and CW standard score were correlated with the PPVT. 

However, no correlation was found to exist between SCAN and Clinical Evaluation of 

Language Fundamentals (CELF) scores. In contrast, the current investigation did find a 

significant correlation between the SCAN composite score, FW and CW standard scores, 

and the language score. However, the present study administered the CELF-R screening 

test for language to 15 of the subjects, and one subject was given the CELF-3 language 

test. Thus, findings of the current study may differ from those of Keith et al. (1989) due 

to the administration of a screening test versus a diagnostic language test. Further 

evaluation of the relationship between performance on language tests and tests of CAPD 

is warranted. A test for CAPD should not be highly correlated with tests that assess 

language skills. It seems reasonable to assume that language ability could affect 

performance on a test of CAPD. Any test developed must be designed so that the effects 

of language skills on the CAPD test are minimal. 

Ear advantage was also determined for the experimental and control groups. The 

ear advantage for each subject was determined by the scores (right-ear and left-ear first 

scores) obtained on the Competing Words subtest of the SCAN. The current study found 

that the majority of subjects in each group had a right ear advantage. Normal listeners 



50 

generally have higher right ear scores when stimuli are presented dichotically. This right 

ear advantage is thought to reflect the left hemisphere dominance for speech and language 

(Mueller & Bright, 1994). Keith (1984) stated that an abnormal ear advantage score may 

suggest delayed maturation of the auditory system or an abnormality of the central 

auditory nervous system. There was no tendency toward a left ear advantage for the 

subjects in the experimental group, but this may be a function of a small sample size. 

Binaural and Monaural Hearing Tests 

Middelweerd, Festen, and Plomp (1990) described patients who complained of 

reduced speech understanding when background noise was present. Monaural and 

binaural SRTs were obtained for each subject under headphones and with loudspeakers in 

the presence of fluctuating masking noise. Middelweerd et al. (1990) found the control 

subjects to have lower binaural SRTs under both headphone and loudspeaker test 

conditions when compared to the patients. The investigators also found that the control 

group had significantly lower monaural SRTs than the patients when obtained under 

headphones in the presence of fluctuating masking noise. Gravel and Stapells (1993), 

examining the auditory processing abilities of a 7-year old child experiencing problems in 

the classroom, found the child's listening performance was significantly reduced in the 

presence of background noise. Contrary to the findings of Middelweerd et al. (1990) and 

those of Gravel and Stapells (1993), the current investigation found no such significant 

difference between children at risk for possible central auditory processing problems and 
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the children in the normal group in either the sound field or headphone conditions on the 

BMSRL task. Furthermore, no significant difference was found when examining the 

MMSRL although the means for the control groups tended to be, on average, higher than 

for the experimental group. 

Findings in the current study may differ from those of Middelweerd et al. (1990) 

and Gravel and Stapells (1993) due to the type of competing signal used and the subjects 

tested. The study by Middelweerd et al. (1990) used fluctuating masking noise which was 

modulated to create an interfering noise that closely resembled the characteristics of 

speech. Because the noise resembled speech characteristics, it may be more distracting 

than speech noise (Cherry & Kruger, 1983). Furthermore, the child mentioned in the 

study by Gravel and Stapells (1993) had been diagnosed with an auditory processing 

deficit, whereas the majority of subject in the experimental group of the current study 

were only at risk for possible CAPD. 

Gravel and Stapells (1993) described a seven year old child with normal hearing 

acuity, having a higher binaural speech threshold than expected when compared to the 

pure-tone average (PTA). It was determined that this child possessed an auditory 

processing deficit. The current investigation found that subjects at risk for possible CAPD 

had significantly higher binaural SRTs than normal subjects in three out of four binaural 

test conditions in quiet. The experimental group performed significantly poorer on the 

following binaural tasks: the headphone condition with an interstimulus interval of 2 

seconds, and the sound field conditions with an interstimulus interval of 2 seconds and 4 
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seconds. The control group did obtain lower binaural SRTs under the headphone 

condition with an interstimulus interval of 4 seconds, however, the difference was not 

significant. 

McCroskey and Kidder (1980) demonstrated that learning disabled children 

comprehend speech better when it was delivered at a slower than normal rate. McCroskey 

and Thompson (1973) also found that rate of speech presentation had an effect on 

comprehension in young children with learning disabilities. Supporting the findings of 

McCroskey and Kidder (1980) and McCroskey and Thompson (1973), the current study 

found that as the interstimulus interval of the spondaic words was decreased from 4 

seconds to 2 seconds, the binaural speech reception threshold of the experimental group 

increased significantly. This was true for SRTs obtained under headphones and in sound 

field. The difference in binaural scores based on rate of presentation could be attributed to 

an auditory temporal processing problem (McCroskey & Kidder, 1980). 

The significant differences between the control group and the experimental group 

on three of the binaural listening conditions may have been influenced by the average 

difference in the better ear SRTs of the two groups, 1.89 and 7.50 respectively. These 

differences were statistically significant, z = -2.92, p = .0035. However, there was no 

significant difference in the thresholds of the two groups in the headphone condition when 

the interstimulus interval was 4 seconds. This suggests that in this condition at least, the 

difference in better ear SRTs between the two groups had little or no influence. 
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The control group's mean threshold was 5.61 dB better than that of the 

experimental group. The means for the two binaural conditions which utilized the 2 

second interstimulus interval were 6.25 dB for the headphone condition and 8.75 dB for 

the sound field condition. Although not statistically significant, these differences represent 

a greater degree of difference than was accounted for by the difference in mean SRTs 

between the groups. The mean difference between groups for the 4 second headphone 

and 4 second sound field conditions were actually smaller than that of the average better 

ear SRT for each group, 4.38 dB for each condition. These findings do not diminish the 

need for matching hearing sensitivity between the control and experimental groups on any 

similar future investigations. Although all of the subjects in this study had hearing which 

was within normal limits, the difference in mean better ear SRTs as a confounding variable 

cannot be completely ruled out. 

Conclusions 

The purpose of the current investigation was to determine if a relationship existed 

between binaural SRT scores under various test conditions in normal children and those at 

risk for possible CAPD. The experimental hypotheses were: 

1. The masked monaural and binaural speech reception level (MSRL) will be 

significantly higher in children with possible CAPD than in non-CAPD 

subjects. 
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2. Children with possible CAPD will have significantly higher binaural SRTs 

than non-CAPD subjects when the interstimulus interval between spondee 

words is reduced. 

Results of this study showed that there were no significant differences between 

normal children and those with possible CAPD when performance on the monaural and 

binaural MSRL were compared. Thus, the first experimental hypothesis was not realized 

in this study. This was an unexpected finding in view of the fact that difficulty 

understanding in noise is one characteristic of children with CAPD. 

Confirming the second hypothesis, there was a significant difference between the 

control and experimental groups when the rate of presentation was decreased from 4 

seconds to 2 seconds. This difference could be due to the difference in better ear SRTs 

between the two groups. However, differences between the groups when the 

interstimulus interval was reduced to 2 seconds were larger than the differences between 

the better ear SRTs of the two groups. 

Based on the findings of the present study, it is recommended that further 

investigation into the usefulness of a binaural task, varying the interstimulus intervals be 

conducted. A test other than the SCAN, which might be more sensitive to the 

identification of true central auditory processing disorders, and careful matching of hearing 

sensitivity between control and experimental groups would help to ensure the sensitivity of 

the binaural task to any differences between groups. A binaural test utilizing spondee 

words with an interstimulus interval of at least 2 seconds could prove to be clinically 
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useful. Since this procedure takes less than 5 minutes to administer, it could be included 

in the standard audiologic test battery, or at minimum, given to those children who are 

experiencing language/learning difficulties. Children who perform poorly on the screening 

task could then be referred for a more intensive CAPD test battery. Additional research 

with a larger population, varying interstimulus intervals, and establishing normative data is 

recommended. 

Page (1985) stated that children diagnosed with central auditory processing 

difficulties will probably have language delays, and thus academic difficulties. As stated 

earlier, there was a correlation between the SCAN composite scores and the CELF-R 

screening test for language. This significant correlation suggests that children with 

language disorders will perform poorly on the SCAN. Further study on the relationship 

between language ability and central auditory processing disorders is essential. A 

correlation was also found to exist between the SCAN auditory figure ground standard 

score and intelligence, indicating that the higher the child's intelligence, the higher the 

AFG standard score. However, intelligence and language scores were not found to be 

significantly correlated. Thus, a child may have normal intelligence, but still have a 

language delay. This was found to be true in three of the experimental subjects. 

Future studies involving children with suspected central auditory processing 

deficits are in order because there is much that is still unknown about the disorder. 

Further research should be conducted to determine if CAPD is a sequela of or a precursor 

to a language disorder. Conducting a longitudinal PET (Positron Emission Tomograpy) 
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scan study would allow one to determine what is happening at the brain level in these 

children. In addition, studies focusing on the relationship of attention deficit disorders 

(ADD) and CAPD should be considered to determine the degree of relationship between 

the two problems. 

The SCAN subtest data obtained on normal subjects in this study were slightly 

lower on average than the SCAN norms developed by Keith (1986, 1994). Whether this 

was a reflection of the small sample size in the present investigation or subtle differences 

between the populations examined is open to question. A study examining sub-

populations may suggest the need for developing local population norms. 

The evaluation and diagnosis of CAPD can have long range implications for a 

child's subsequent educational experience. Inappropriate diagnosis because of invalid test 

protocols will lead to improper recommendations and therapies. Central auditory 

processing disorders should be studied both behaviorally and physiologically so that the 

disorder may be fully understood and successfully treated. 
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Table A2 

Mean SCAN Scores With Standard Deviations for Control and Experimental Groups 

Groups 

Control Experimental 
M SD M SD 

SCAN Composit 101.63 6.00 71.00 9.38 
SCAN raw scores 

FW 35.75 1.28 32.38 2.45 
AFG 31.63 1.92 31.13 2.10 
CW 84.88 5.25 54.50 13.73 

SCAN standard scores 
FW 11.13 1.13 7.38 2.45 
AFG 8.38 1.60 4.88 1.73 
CW 10.75 2.05 4.63 3.02 
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SCAN Individual Raw Data 
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Subject SCAN and SCAN-A Subtests 
Composit FW AFG CW Age 

Control 
5 103 11 8 11 9.9 
7 97 12 9 9 9.8 
8 103 10 10 10 9.2 
10 92 10 6 9 11.7 
11 99 10 7 11 11.8 
15 106 12 8 12 11.1 
17 112 11 8 15 10.3 
20 101 13 11 9 10.9 

Experimental 
2 56 6 4 1 12.2 
6 84 9 8 6 11.8 
14 60 4 5 1 15.1 
21 75 8 5 6 11.4 
22 75 12 2 4 15.0 
23 73 6 4 10 15.2 
24 78 8 6 6 10.8 
26 67 6 5 3 12.7 
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Table A6 

Monaural and Binaural Individual Raw Scores for Control and Experimental Groups 

Binaural Tests Monaural Tests 
Right Left 

Subject Headphones Soundfield Ear Ear 

ISO ISM MSRL ISI2 ISM MSRL MSRL MSRL 
Control 

5 10 5 36 10 10 45 80 80 
7 0 5 40 0 0 45 80 80 
8 5 5 40 0 5 45 80 80 
10 5 5 39 5 5 45 80 80 
11 5 5 38 5 5 44 80 80 
15 0 0 42 5 0 45 80 80 
17 0 0 39 0 10 49 80 80 
20 0 10 39 5 5 46 80 80 

Experimental 

2 0 10 37 5 10 47 80 80 
6 5 0 41 10 0 45 80 80 
14 15 15 43 15 10 55 80 80 
21 15 10 39 15 10 46 80 80 
22 10 15 38 10 10 42 80 80 
23 10 5 40 15 10 46 80 80 
24 15 5 38 20 15 42 70 70 
26 10 10 39 10 10 48 80 80 



APPENDIX B 

SPONDEE WORD LISTS 

61 



62 

CID Spondee Word Lists 

4 second Interstimulus Interval 

greyhound playground 
schoolboy grandson 
inkwell daybreak 
whitewash doormat 
pancake woodwork 
mousetrap armchair 
eardrum stairway 
headlight cowboy 
birthday oatmeal 
duckpond railroad 
sidewalk baseball 
hotdog padlock 
padlock hardware 
mushroom whitewash 
hardware hotdog 
workshop sunset 
horseshoe headlight 
armchair drawbridge 
baseball toothbrush 
stairway mushroom 
cowboy farewell 
iceberg horseshoe 
northwest pancake 
railroad inkwell 
playground mousetrap 
airplane airplane 
woodwork sidewalk 
oatmeal eardrum 
toothbrush greyhound 
farewell birthday 
grandson hothouse 
drawbridge iceberg 
doormat schoolboy 
hothouse duckpond 
daybreak workshop 
sunset northwest 
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CID Spondee Word List 

2 second Interstimulus Interval 

birthday hardware oatmeal 
hothouse toothbrush sunset 
toothbrush airplane pancake 
horseshoe iceberg eardrum 
airplane armchair mushroom 
northwest grandson whitewash 
whitewash playground hothouse 
hotdog oatmeal toothbrush 
hardware northwest playground 
woodwork woodwork baseball 
stairway stairway iceberg 
daybreak hotdog schoolboy 
sidewalk headlight padlock 
railroad pancake daybreak 
oatmeal birthday sunset 
headlight greyhound farewell 
pancake mousetrap northwest 
doormat schoolboy airplane 
farewell whitewash playground 
mousetrap inkwell iceberg 
armchair doormat drawbridge 
drawbridge daybreak baseball 
mushroom drawbridge woodwork 
baseball sunset inkwell 
grandson northwest pancake 
padlock doormat toothbrush 
greyhound railroad hardware 
sunset woodwork railroad 
cowboy hardware oatmeal 
duckpond stairway grandson 
playground sidewalk mousetrap 
inkwell birthday workshop 
eardrum farewell eardrum 
workshop greyhound greyhound 
schoolboy cowboy doormat 
iceberg daybreak horseshoe 
hothouse drawbridge stairway 
padlock duckpond cowboy 
eardrum horseshoe sidewalk 
sidewalk armchair mushroom 
cowboy padlock armchair 
mushroom mousetrap whitewash 
farewell headlight hotdog 
horseshoe airplane schoolboy 
workshop grandson duckpond 
baseball workshop birthday 
railroad hotdog hothouse 
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ACRONYMS 

ADD Attention Deficit Disorder 
AD/HD Attention Deficit/Hyperactivity Disorder 
AFG Auditory Figure Ground 
ANOVA Analysis of Variance 
BMSRL Binaural Masked Speech Reception Level 
CAPD Central Auditory Processing Disorder 
CELF-R Clinical Evaluation of Language Fundamentals-Revised 
CNS Central Nervous System 
CST Competing Sentences Test 
CW Competing Words 
FW Filtered Words 
ISI Interstimulus Interval 
LD Learning Disorder 
MCR Message-to-Competition Ratio 
MSRL Masked Speech Reception Level 
MMSRL Monaural Masked Speech Reception Level 
OM Otitis Media 
PET Positron Emission Tomography 
PPVT Peabody Picture Vocabulary Test 
PSI Pediatric Speech Intelligibility 
PTA Pure Tone Average 
SD Standard Deviation 
S/N Ratio Speech-to-Noise Ratio 
s o c Superior Olivary Complex 
SRL Speech Reception Level 
SRT Speech Reception Threshold 
SSW Staggered Spondaic Words 
TONI-2 Test of Nonverbal Intelligence-2 
WIPI Word Intelligibility by Picture Identification 
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