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CHAPTER I 

STATENiENT OF PROBLEM 

Discrimination may be defined as the process by means 

of which an organism responds to differences between stimuli 

(Fellows, 1968, p. 1). This process is assumed to begin 

with the exposure of the organism to a task situation involv­

ing stimuli to be discriminated and to end with the occur­

rence of a discriminating response (Fellows, 1968 , p. 1 ) .  

In ordinary language, to discriminate usually means the a­

bility to detect dif'ferences between objects in our environ­

ment (Fellows, 1968, p .  1 ) .  

Discrimination learning is essential in the learning 

process and in the acquisition of speech and language. Dis­

crimination learning encompasses many parameters. At first, 

the young child learns how to make gross visual, propriocep­

tive, kinesthetic, olfactory, taste, and auditory discrimina­

tions. As he progresses through life, finer discriminations 

are made in these areas; and, the normal child matures into 

adulthood having acquired the ability to make more difficult 

discriminations. 

The young infant learns how to discriminate very early 

in life. The discrimination process starts at birth, and 

1 
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the child becomes more proficient with maturation and learn­

ing. Early in life, the child learns to make discriminations 

such such as, "Mama" from "chair. " '·"'i th maturation and 

learning, the child then proceeds to make finer discrimina-

tions such as, "Mama • • •  11 from "f;�a, meet • • •  
" 

There are many kinds of auditory discriminations. Re-
. 

search is still needed to explore the behaviors of auditory 

processing disorders related tos 1 )  attention to auditory 

stimuli; 2 )  differentiating sound from no soundi J) sound 

localization; 4) discriminating sounds varying on one acous­

tic dimension; 5) discriminating sound sequences varying on 

several dimensions; 6) auditory figure-ground selection, and 

?) associating sounds with sound sources. Without the abil­

ity to make such auditory discriminations, the child may be­

come an an articulatory defective . The inability to discrim­

inate speech sounds can retard the child's acquisition of 

speech and· language (Van Riper, 196J,  p. 197 ) .  

Speech sound discrimination as related to articulatory 

deficiency might be defined ass the ability to discriminate 

between phonetic elements within meaningful words (Flowers 

and Costello, 1963 ) .  In Flowers and Costello's ( 1963 ) study, 

speech sound discrimination is the auditory mechanism's abil­

ity to receive, transmit, and interpret words, sentences, 

and speech representing meaningful discourse. In effect, 

speech sound discrimination is considered the interpretation 

of meaningful sound stimuli by the central mechanism of 
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hearing. 

I n  speech pathology, the importance of sound discrimina­

tion has been emphasized by various investigators ( Berry and 

Eisenson, 1956, p.  136; Van Riper, 1963, p .  249a Hall, 1938; 

Reid, 19471 Solomon, Webster and Curtis,  1960; Hansen, 1944; 

Travis and Rasmus , 1931; Kro nvall and Diehl, 1954) . I t  is 

the predominant opinion of these authors that auditory per­

ception and particularly speech sou nd discriminatio n play a 

significant part i n  the development of normal speech articu­

latio n patterns (Berry and Eisenso n, 1956, p .  1J6 ) .  

I n  helping a person acquire the concept o f  a s tandard 

sound, o ne against which he may la�er match his own u tter­

anc e ,  four basic sets of techniques are used according to 

Van Riper ( 1963, p .  249 ) 1  1 )  iso lationa 2 )  s timulatio ni 

J )  identification, and 4) discrimination. These are used 

to define the targe t, or the sound to be worked o n. A model 

is hereby provided by Van Riper with which the child must 

match. Without such a model, it would be difficult for the 

child to correct himself. Ear trai ning allows the child to 

define perceptually a s tandard pattern before the child is 

ac �ally asked to attempt the new sound ( Van Riper, 1963, 

p .  249 ) .  ' 

Discrimination consists of comparing and co ntrasting 

the correct and incorrect sound s ,  bo th in iso lation and i n  

incorporatio n within regular speech. Without the ability 

to differe ntiate correct sound from error, the student 
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becomes discouraged, and the treatment becomes blind drill 

(Van Riper, 1963, p. 257 ) .  

Listeners often seem to perceive intonation and stress 

by means of a process of "analysis by synthesis" i n  which 

they make use of their knowledge of the articulatory gestures 

that are invo lved in the production of speech ( Liberman, 

Cooper, Harris, MacNeilage and Studdert-Kennedy, 1966) . The 

i nput speech signal is decoded by listeners who use their 

knowledge of the co nstraints that are imposed by the human 

articulatory output apparatus .  A motor theory o f  speech per­

ceptio n is suggested here, since there seems to be a close 

relationship between the inherent properties of the speech 

output mechanism and the perceptual recognition routine 

( Liberman, 1967 ) .  

Liberman and his co lleagues have suggested that "• • •  a 

referenc e to articulatio n helps the listener to decode th·e 

acoustic1signal . . ... in the perception of the segmental pho n­

emes ( Liberman, Cooper, Harris and MacNeilage, 1963; Liberman , 

et. al., 1966) . It seems that there is a more isomorphic re­

lationship between the pho neme and articulation than the 

pho neme and acoustic signal. Studies of the ro le of proprio­

ception in speech perception seem to substantiate this rela­

t io nship. 

. Proprioceptive impu lses originate in stretch or tension 

receptors in muscles, tendons, joints , and in the vestibular 

apparatus of the ear ( Berry, 1969 , p,  50 ) .  This appreciation· 



5 

of positions, movement, balance, and changes in equilibrium 

on the part of the muscular system is called proprioception 

or kinesthesis (Berry, 1969, p. 50). 

Little attention has been given to kinesthesis in rela­

tion to comprehension and use of verbal symbols. But, it 

appears that this sense modality is as important as auditory 

perception (Eerry, 1969 , p. 50). As a result of extensive 

research of perceptual processes in language learning, 

Liberman and his colleagues (1962, p.  lOJ) concluded that 

the appreciation of kinesthesis (proprioception) is even 

more important than auditory perception. They believe that 

the articulatory movements that the listener makes in re­

producing the acoustic patterns determine the fine cues to 

perception of words (Berry, 1969 , p .  50 ) .  

The function of proprioceptive feedback in speech 

should be recognized, not only in articulation ,  but in all 

aspe.cts of speech production• postural set, gesture , res­

piration, and phonation (Berry , 1969, p. 52 ) .  Speech pro­

duction is a neuromuscular synergy involving the entire 

body (Berry, 1969, p .  52 ) .  Shirley's ( 1963, p. 81) research 

indicated that the child builds fundamental movement patterns 

upon basic bodily posturesr and, they, in turn, provoke the 

development of a sequence of differentiated phasic motor 

movements• postural shifts , directional signal�, the 

rhythmic breath pulse associated with phonation, bodily and 

facial gestures, and articulatory patterns. No part o·f the 
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sequence of motor learning can be ignored . If' basic pos tures 

are no t established , the child's appreciation of his body 

image--the balance and posi tion of bOdy parts--will be de­

ficient ( Berry, 1969, p. 53 ) .  According to Magoun ( 1963, 

p .  100 ) ,  by countless synapses with cell aggregates in re­

ticular, subcortical, and cortical areas,  ac tivation and in­

hibition operate to refine and e laborate the proprioceptive 

patterns and to integrate them with patterns of o ther modal­

ities (visual, auditory) mediating discrimi nation of the 

verbal sequences.  

Berry ( 1969, p. 54) states that proprioception is dif­

ficult to trace and to measure both in linguis tic and non­

linguistic functions because muscle memory patterns are 

large ly unanalyzable. Of ten young chi ldren report success 

in producing a series of syllables because " i t  fee ls right" 

( Berry, 1969, p. 54). Awareness of synergic re lation and 

processing results from effec tive proprioceptive feedback 

(Berry, 1969, p .  54). 

Experimental s tudies providing scientific support of 

the importance of proprioception in speech learning are fewi 

these studies by speech scientists are promising but incon­

c lusive. Work at present has been limi ted to the establish­

ment of the value of tac tile-kines thetic cues in speech 

-CMcCroskey, 19 58). 

Auditory s timuli can be ini tiated by external means ; 

the child himself must initiate propriocep tive mo vemen ts of 
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specific muscle synergies (Berry, 1969, p. 55). Auditory 

impulses can be measured electronically in the cochlear no 

reliable measure of proprioceptive responses has been found 

(McCroskey, 1958). fucCroskey (1958) concluded that auditory 

feedback was essential in monitoring duration and rate of 

speechi and, tactile-kinesthetic feedback was responsible 

for accuracy of articulation. 

Multiple feedback circuits are in operation in speech 

learning. They must determine the priority, segregation , 

and integration of sensory-motor processes (Berry, 1960, p. 55). 

Visual, tactile-kinesthetic, and auditory impulses must be con­

joined and in the appropriate sequences with respect to time 

and space. Feedback begins at the periphery and operates· 

throughout every phase of linguistic coding. 

A logical question now arisess If these modalities are 

inter-dependent, should the unisensory or multisensory approach 

be used in teaching the child who is severely handicapped in 

speech and/or language? Some educators (Buser and Rougeul, 

1961, p. 553) argue that the child learns best through a uni­

sensory approach; and ,  some neurological support could be ad­

vanced for this position. 

. It is known that neural assemblies in several receptor 

systems may use the same routess a child with central nervous 

system injury or deficit may be able to accomodate only impul­

ses from one modality in a unit of time (Eccles , 1961, p. 657). 

In the normal child, on the other hand , the same neurones ca.� 
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participate in countless specific patterns of activity 

(Eccles, . 1961, p. 657). The reticular system of the neuro­

logically handicapped child may be impaired so that he is 

unable to inhibit or to integrate the flow of sensory infor­

mation from several modalities (Berry, 1969, p. 124). Berry 

(1969, p. 124) states that damage to neural assemblies in 

this and other integrative and projection systems probably 

result in lowered threshold at the synapses so that they are 

no longer selective. Diffuse perception , exaggerated re­

sponses, and feeble retention of the percept results here. 

Successive steps of unisensory, bisensory, and multisensory 

training probably should be taken in accordance with the 

child's developing abilities to handle neural traffic (Eames, 

1956). A multisensory approach is suggested by many research­

ers in order to stimulate the speech defective child in as 

many modalities as possible (Van Riper, 1963, p. 262, Berry, 

1969, p •. 1241 Berry and Eisenson, 1956, pp • .  135-139). From 

this information, a training program utilizing successive 

steps beginning with unisensory and proceeding to multisen­

sory stimulation for articulation defectives would be pre­

ferable. If there was some indication of neuronal breakdown, 

a unisensory approach would be more beneficial to the artic­

ulation defective child (Eccles, 1961, p. 657). 

In speech therapy, those who possess articulatory errors 

are usually given extensive diagnostic examinations in order 

to determine the most viable modality(ies) for therapy 
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success. The evaluation of a child's performance in the re­

ception and processing of stimuli in single modalities should 

precede any attempt at measuring integrative functioning 

{Chalfant and Scheffelin, 1969, p. 56). At this time, there 

is no standardized set of clinical or experimental procedures 

for assessing either single sensory functioning or multiple­

stimulus integration (Chalfant and Scheffelin, 1969, p. 56). 

Some tests which have been used for the auditory channel 

also include discrimination tests {Templin, 1943; Wepman, 

1958), the Auditory Decoding, Auditory Closure, and Sound­

Blending subtests of the Illinois Test of Psycholinguistic 

Abilities {Kirk, �cCarthy and Kirk, 1968). The Seashore 

Pitch and Rhythm Tests could be used. A test involving tapped 

auditory patterns may be useful to detennine the ability to 

decode complex auditory patterns on a nonmeaningful basis 

{Chalfant and Scheffelin, 1969, p. 56). 

. Assessment of the visual channel include such tests as 

the Auditory Visual Pattern Test (Birch and Belmont, 1964a, 

1965b), the Bender Gestalt Test {1938), the Visual Sequencing 

and.Visual Closure subtests of the Illinois Test of Psycho­

linguistic Abilities {Kirk, McCarthy and Kirk, 1968), or the 

Developmental Test of Visual Perception (Frostig, 1964). 

The assessment of the strengths and weaknesses of audi­

.tory, visual, and haptic-kinesthetic perception appears to be 

a necessary antecedent to testing multiple-stimulus integra­

tion {Chalfant and Scheffelin, 1969 , p. 56). Little 
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attention has· been given to the assessment of ltinesthetic and 

tactile perception. Some tests to assess kinesthetic and tac­

tile percep ·';ion are the 3ou them California Kinesthesia and 

Tactile Perception Tests (Ayres, 1965), and Werner's (1956) 

Tactile Figure .aackground Blocks. 'l1here is, therefore, a need 

to standardize tests for multiple-stimulus integration. 

Trial therapy could also be undertaken in order to con­

firm diagnostic findings. Auditory training, for example, 

may be indicated for those who are unable to discriminate 

speech sounds, and for those for whom the audi�ory sense mo­

dality seems to be a viable route for the discrimination of 

speech sounds. The auditory modality may then be integrated 

into a bisensory approach or into a multisensory approach. 

Before making recommendations in therapy, more.must be known 

about multiple-stimulus integration and all of its ramifica­

tions in relation to speech acquisition. Knowing this infor­

mation would enable clinicians to make better diagnostic and 

treatment decisions. In this investigation, the modality of 

major concern is audition, and a child's ability to discrimin­

ate speech sounds. 

Miller and Nicely (1955) investigated the resistance to 

distortion in auditory perception. They found that in low­

pass filtering systems, the consonant confusions fall into 

�onsistent patterns. They also found that audibility was the 

p�oblem for high-pass systems, an� confusibility was the pre­

dominant difficulty in low-pass filtering (I\iiller and Nicely, 
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1955 ) .  

This distorted speech.signal has been utilized in conjunc­

tion with the binaural summation principle, and has provided 

us with a diagnostic procedure in the investigation of cen­

tral nervous system pathology, and possibly the assessment of 

central auditory-sound discrimination abilities (Flow�rs and 

Costello, 1963 ) .  

Many observers (Seebeck, 1846; Mach, 18641 Docq, 1870; 

Fletcher and Munson, 19331 Churcher, 1935; Causee' and Chavasse, 

1942 ) indicated that a definitely supraliminal auditory stimu­

lus sounds louder when heard with two ears than with only one 

eara this phenomenon is considered binaural summation of loud­

ne�s (Hirsh, 1948) .  Other observers (LeRoux, 18751 Tarchanow, 

1878r Urbantschitsch, 1883a Bloch, 18931 Gage, 19321 Sivian 

and White, 19J3)  demonstrated that in order to produce a thresh­

old judgment, an auditory stimulus does not need to be so in­

tense when presented binaurally as it does when it is presented 

monaurally (Hirsh, 1948 ) .  Binaural summation at threshold re­

fers ·to these indications that the absolute binaural threshold 

is lower than the absolute monaural threshold. 

Flowers and Costello (1963) investigated the discrimina-

.tion abilities of normal speaking and articulation defective 

elementary school children . They found that the severe artic­

ulation defective children lacked the ability to sununate a 

filtered speech stimulus presented in one ear with a simultan­

eous unfiltered �peech stimulus presented to the other ear. 
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The normal speaking children, on the other hand , could summate 

or receive these two different auditory stimuli simultaneously 

and obtain speech discrimination scores of approximately 90% 
as obtained in Bocca's {1955) study. It appears that binau­

ral summation, or two separate monaural auditory stimuli form­

ing one whole comprehendable speech message, takes place in 

the central mechanism of hearing (Flowers and Costeilo, 1963). 

The normal speaking children in Flowers and Costello's (1963) 

study were able to summate or to make a whole speech message 

out of two separate auditory parts. 

Bacca, Calearo, Cassinari and Migliavacca {1955) utilized 

a low-pass filter system at about 1000 Hz and tested patients 

with �upratentorial cerebral tumors . In nearly all cases, 
the discrimination score for distorted speech in each ear sep­

arately was assymetric and the scores were significantly low­

er in the ear contralateral to the lesion {Bocca, et. al., 

1955). 

Bocca {1955) developed a procedure with the use of fil­

tered and subthreshold auditory stimuli to test what he termed 

binaural.summation. Bocca and Calearo {1955) found that sub­

jects with lesions of the temporal lobe lacked the summation 

ability when there was impairment in the cortical auditory 
area • . In other words, when these subjects were given filtered 

speech in one ear at 45 dB above the individual's threshold, 

and then simultaneously given unfiltered speech at -5 dB be­

low his threshold in the other ear, there was the inability to 
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summate or discriminate approximately 901� of the words. Sub-

jeots with no central damage were able to summate these two 

auditory stimuli (Bacca, 1955). 
The work relative to the central mechanism of hearing 

has been performed with normal hearing adults and with adults 

with suspected specific central nervous system pathology • 

. 

Flowers and Costello (1963) tested second, third, and fourth. 

grade children and also found that the articulation defectives 

could not summate the two auditory stimuli. A more extensive 

r.ev.iew of the pertinent literature on the topic of :filtered 

speech and binaural summation will follow in the next chapter. 

Purpose 

The purpose of this study was to assess and compare the 

discrimination responses of unadulterated speech discrimina­

tion, distorted speech, and binaural summation techniques of 

children with one or more unresponsive articulation errors 

who have not improved in their misarticulated phonemes after 

at least one year of speech therapy, and normal speaking chil-­

ren. This study was designed to investigate the use of un­

adul tered speech, filtered speech, and binaural summation con­

_ditions for differentiating the discrimination abilities of 

individual's who have not improved in speech therapy. 

Problem 

Specifically, the following two questions were posed at 
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the outset of this study and were answered by the use of 

statistical analysis• 

1) Are there significant between group differ­
ences in the three conditions of unadulter­
ated discrimination scores, filtered speech 
scores, and binaural summation scores? 

2) Are there significant within group differ­
ences in the three conditions of unadulter­
ated discrimination scores, filtered speech 
scores, and binaural summation scores? 

A third question was answered by inference which isa 

J )  Can the filtered speech and the binaural 
summation tests be utilized as diagnostic 
aids in the assessment of the central mech­
anism of hearing as related to speech-ar­
ticulation deficiency? 

Statement of HYJ2otheses 

To provide answers to questions one and two, the follow­

ing hypotheses were stated in the null form• 

Between Comparisons.--
1) · There is no significant difference between 

normal speaking children and articulation 
defective children in their unadulterated 
speech discrimination scores. 

2 ). There is no significant difference between 
normal speaking children and articulation 
defective children in their filtered speech 
scores. 

J )  There is no significant difference between 
normal speaking children and articulation 
defective children in their binaural summa­
tion scores. 
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Within Comparisons.--
1 )  There is no significant ·difference between 

the unadulterated discrimination scores and 
the filtered speech scores in normal speak­
ing children .  

2) There is no significant difference between 
the filtered speech scores and the binaural 
summation scores in normal speaking children. 

J) There is no significant difference between 
the unadulterated discrimination scores and 
the binaural summation scores in normal 
speaking children. 

4) There is no significant difference between 
the unadulterated discrimination scores and 
filtered speech scores in articulation de­
fective children. 

5) There is no significant difference between 
the filtered speech scores and the binaural 
summation scores in articulation defective 
children. 

6) There is no significant difference between 
the unadulterated discrimination scores and 
the binaural summation scores in articula­
tion defective children. 

The remaining question was answered on the basis of in­

ference derived from interpretation of the statistical anal­

ysis. 



CHAPTErl II 

REVIEW OF LITERATUrlE 

Monaural Versus Bjnaural Hearing 
Very often the consideration of binaural hearing in 

general texts is l�mited to the phenomena of localization 

and binaural beats (Hirsh , 1948). The ability of the binau­

ral apparatus to summate stimuli that are introduced in both 

ears is a much neglected aspect of this topic. fviost of the 

evidence in support of the binaural summation phenomenon 

comes from the comparison or contrast of binaural and monau­

ral sensitivity. 

In discussing the investigations of binaural summation 

in the past century, the following topic is divided into two 

separate areas. �any observations indicate that a definite­

ly supraliminal auditory stimulus sounds louder when. heard 

with two ears than with only one ears this phenomenon will 

be.referred to as binaural summation of loudness (Hirsh, 

1948). Other observations demonstrate that in order to pro­

duce a threshold judgment, an auditory stimulus does not 

need to be so intense when presented monaurally (Hirsh , 1948). 
Binaural summation at threshold refers to these indications 

that the absolute binaural threshold is better than the 

16 
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absolute monaural threshold (Hirsh , 1948). 

Binaural Summation of Loudness.--The literature did not 
deal with experiments on binaural summation until about 1930. 

The topic of binaural summation was buried in the experi­

ments on binaural localization and binaural beats before that 

time. For this reason , it would be impracticable to report 

on all the earlier experiments on binaural summation. The 

following review of the literature will cover the signifi­

cant experiments in the area of binaural summation. 

Some otologists have been interested in the problem of 

binaural summation at the threshold,  or above the threshold 

level (Bacca, 1955). On the other hand , physicists, physiolo­

gists, arid psychologists have approached it from many angles 

since the time of Seebeck in 1846 (Bocca , 1955). Seebeck 

(1846), in an experiment on the observation of binaural 

beats, reported that a given amount of sound from his siren 

2eemed louder to two ears than to only one. He observed 

that if a whistle of a siren was led through two tubes to 

the ears, it sounded weaker if one of the tubes was obstructed 

(Bocca, 1955). This empiric observation received further sup­

port by the work of Tarchanow in 1878. Tarchanow (1878) used 

currents produced by an induction coil connected to a tele­

phone, and noted that a subthreshold sound in one ear became 

audible when heard with both ears. Tarchanow's experiences 
. 

were confirmed by Urbanschitsch in 1893 when he demonstrated 
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·that the induced voltage necessary to produce in a telephone 

a barely audible sound, needed to be twice as high in monau- · 

ral hearing as in binaural hearing (Urbanschitsch, 1893). 

In 1933, Fletcher and Munson reported on the difference 

in the loudness level at which tones heard monaurally and 

binaurally sound equally loud. The difference in loudness 

level at which the two tones, one heard monaurally and one 

binaurally, sounded equally loud varied as a function of the 

loudness level of the tone heard monaurally (Hirsh , 1948). 

A difference of approximately 3 dB between the monaural and 

binaural thresholds was found here. Fletcher and Iviunson 

(1933) held that the loudness of a tone presented to two ears 

is just twice the loudness of the same tone presented to only 

one ear. 

Binaural Summation at Threshold. --With the exception of 

some studies of Fletcher and �unson (1933) and of Causee and 

Chavasse (1942), related to binaural summation of loudness at 

intensities well above threshold, all recent work on the sub­

j�ct concerns almost exclusively binaural summation at thresh­

old (Bocca, 1955). It has been evidenced by a majority of 

observers (Gage, 19321 Hughes, 1937i Causee and Chavasse, 1942; 

Shaw, Newman and Hirsh, 19471 Keys, 19471 Hirsh, 19481 Pollack, 

19481 Bocca, 1955) that binaural summation does exist, that it 

is more than physical in origin, and that at the level of the 

central nervous system, a nearly perfect summation of the 
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stimuli heard by the two ears takes place. Th�se authors 

found the average difference between the monaural and binau­

ral thresholds to be about 8 dB for pure tones and for speech 

(Hirsh, 1948, however, found a 3 dB difference for speech in­

telligibility) . However,· Si vian and �ihi te ( 1933) deny that 

there is any differences between monaural and binaural mini­

mum audible fields which are not due to the greater sensiti­

vity of the better ear. But, suitable methods show a substan­

tial additive effect of the two ears at threshold (Shaw, 

Newman and Hirsh, 1947). 

According to Keys (1947), the amount of binaural gain 

is dependent upon the amount of binaural s_timulation, which 

in turn, is dependent up to a certain limit upon the size of 

the disparity in the intensity and frequency of the auditory 
I 

stimuli presented to the two ears . When there is a discrepan­

cy between the two ears, the general principle that arises is 

that sufficient correction must be made for the discrepancy, 

so that both ears are actually stimulated. Otherwise, the 

Jna.Ximal incre�ent in acuity will not be realized (Keys, 1947). 

This criticism has been shown to be inconsistent by the 

research of Causee and Chavasse (1942), and later by Hirsh 

(1948) . by a preliminary equating of the sensitivity of the 

two ears, so that they should be functionally equal in binau­
ral and monaural determinations. Complete agreement as to 
the presence, the site , and the amount of binaural summation 

has not yet been reached (Bacca , 1955). 
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One of the earliest observations on binaural summation 

at threshold was made by LeRoux in 1875 (Hirsh, 1948). He 

reported to his medical colleagues that the addition of a 

supraliminal sound to one ear would make a formerly sublimi­

nal sound in the opposite ear audible (Hirsh, 1948). 

Tarchanow (1933) noted that supraliminal sounds heard 
. 

with two ears sounded louder than the same sounds heard in 

only one ear. He noted further that the two sounds had to 

be of the same intensity and frequency in order to su.mmate 

(Hirsh, 1948). In support of his generalization, he reported 

that persons with unilateral hearing loss do not show this 

summation but rather hear the sound always in their good ear 

(Tarchanow, 1933). This requirement of equated loudness or 

equal sensation level for binaural threshold summation has 

been shown to be correct, but the necessity for the two tones 

to have the same frequency does not seem to hold (Hirsh, 1948). 

Tarchanow (1933) was apparently the first to suggest that 

there must be some kind of central summating mechanism. 

Binaural Summatjon with Maskjn� Nojse 

The binaural summ�tion principle has also been utilized 

under the conditions of masking noise. In this regard, bi­

naural summation refers to the phenomenon in which the binau­

ral threshold is better than the monaural threshold obtained 

for masked thresholds only when the phase angles between the 

two earphones are opposite for the tones and the noise 
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(Hirsh, 1948). This is true for filtered speech as well. 
It was found that the binaural summation was maximal in the 

quiet or in an anechoic chamber, and decreased as the level 

of masking noise increased (Hirsh, 1948). For �ower frequen­

cies and for speech not only does the binaural summation 

decrease to zero, but it also becomes negative (Hirsh, 1948). 

In other words, under the conditions of masking noi'se, the 

binaural threshold of a tone is poorer than the monaural 

threshold . In the quiet, however, the tone does sound louder 

binaurally than monaurally (Hirsh, · 1948). Hirsh (1948) found 

that binaural threshold is shown to be poorer than monaural 

threshold indicating some kind of interaural inhibition . In­

teraural inhibition is thus exhibited when the binaural thresh­

old of a tone is poorer than the monaural threshold (Hirsh, 

1948). For listening to at least certain stimuli in the pres­

ence of loud thermal noise, two ears are not better than one 

(Hirsh, 1948). Interaural inhibition, as well as its anti­

pode, · interaural summation, increases as the intensity of the 

masking noise is increased (Hirsh, 1948). 

The simple summative results which are obtained when 

thresholds are measured in quiet do not apply to thresholds 

of stimuli which are masked by noise (Hirsh, 1948). Inter­

aural inhibition may be observed for certain interaural phase 

relations between the tone and the masking nois�, and the 

binaural threshold is then poorer than the monaural thresh­

old (Hirsh, 1948). For other phase relations, interaural 
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·summation may be observed (Hirsh, 1948). The adjective "in­

teraur�l" has been introduced to modify both "summation" and 
... inhibition" (Hirsh , 1948) • .  Interaural suggests an inter­

action between the ears rather than the independent action 

of two separate ears s�ggested by binaural (Hirsh, 1948). 

If masking were entirely a peripheral phenomenon, there should 

be no shift in the monaural threshold of a 200 Hz tone that is 

masked by noise in one ear when noise is added to the other 

ear, nor should there be further shifts when the interaural 

phase relation of the noise is changedi but, there are such 

sh if ts (Hirsh, 1948). It seems apparent that some central 

irlteract.ion must take place (Hirsh, 1948). 

Binaural Summation with Filtered Speech 
Factors in auditory perception bave been identified and 

categorized as common auditory abilities and/or basic audi­

tory factors (Karlin, 1942( Hanley, 1956; Solomon, Webster 

and Curtis, 1966). rtesistance to distortion has been most 

intriguing (Flowers and Costello, 1963). The effects of low­

and high-pass filtering and masking noise on speech reception 

abilities has been investigated by Hirsh , aeynolds and Joseph 

(1954). Peters (1953) investigated the effects of high- and 

low-pass filtering on speaker intelligibility and found that 

high-pass filtering differences were not significant1 and , 

low-pass filtering was significant at the .05 level. Miller 

and Nicely (1955) followed the same procedures as Hirsh, et. al. 
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(1954) and found that in low-pass filtering systems, the 
confusions fall into consistent patterns which have been 

categorized in what the author called ·"confusion matrices. " 

It was further observed that audibility was the problem for 

· high-pa�s systems and confusibility was the major problem 

with low-pass filtering. 

Bjnaural Summation with Filtered Speech in 
Patients with Central Neryous System 

?a tho logy 
The distorted speech signal was further used with the 

binaural summation principle in order to aid the investiga­

tion of central nervous system pathology (Bocca, Calearo, 

Cassinari and Migliavacca, 1955; Bocca, 19551 Calearo, 1957; 

Jerger, Mier, Boshes and Canter, 1960i Flowers and Costello, 

1963). The assessment of central auditory sound discrimina­

tion abilities may also be accomplished with the use of binau­

ral summation techniques (Flowers and Costello, 1963). 

Patients with SupI":atenrorial Cerebral Tumors. --Bocca, 

Calearo, Cassinari and Migliavacca (1955) tested patients 

with supratentorial cerebral tumors. A low-pass filtering 

system at about 1000 Hz was utilized in this study (Bocca, 

et� al., 1955). In nearly all cases observed, the articula­

tion score for distorted voice of the two ears was evidently 

asymmetric; the score was definitely better in the ear contra­

lateral to the lesion (Bocca, et .. al, 1955). ·In all of 

these cases, the pathological findings confirmed the presence 
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of an involvement of the temporal cortex (Bocca, et. al., 
. . 

1955). Normal tone and speech audiometry failed to reveal 

any deviation from normal in both e�s in �early all of 

these cases (Becca, et. al., 1955). 

With normal subjects, Bocca (1955) developed a procedure 

which made use of filtered and subthreshold auditory stimuli 

to test for binaural summation. �ords were spoken by an ex­

aminer, and delivered through two independent channels to the 

two ears of the subject (Becca, 1955). Channel one provided 

attenuation, Channel two attenuation plus 500 Hz low-pass 

filtering (Becca, 1955). The output intensity was adjusted 

each time at a level where no more than 40% discrimination 

score .w as attained in repeated tests (Becca, 1955). The fil­

ter in Channel two did not allow more than 50� discrimination 

score when the stimulus was presented at 45 dB above thresh­

old (Bocca, 1955). When the two stimuli were presented simul­

taneously, one to each ear of the subject, discrimination 

scores became much better, and reached a p�r cent value which 

was approximately equal to the addition of the two monaural 

discrimination scores (Becca, 1955). This experiment pro­

vided evidence· for binaural summation and binaural summation. 

Patients with Lesjons of the Temporal Lobe.--Bocca (1955), 

and then Calearo (1957) tested subjects with lesions of the 

temporal lobe and found that the summation ability was absent 

in cases where there was impairmerit of the cortical auditory 

area. Calearo (1957) concluded that the binaural summation 
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test offered evidence for the assumption that ·a normal bi­

naural summation can be obtained only when both central aud­

itory areas are intact . Calearo (1957) further stated that 

his experimental results offered some cue to the localization 

of the lesion even though he admitted that it was still dif­
ficult· to interpret such a finding, This author (Calearo, 

1957 ) also believed that these tests could be used to evalu­

ate the central mechanism of hearing. 

Patients with Parkinson's Disease.--Jerger , Mier, Boshes 
and Canter ( 1960 ) evaluated auditory integration with the 

"SW�iI" test--speech with altering masking index. This was 

used to investigate the behavior of patients with Parkinson's 

disease (Jerger, et. al. , 1960 ) .  The tasks involved listen­

ing to low-pass filtered phonetically balanced words in each 

ear separately , and then listening to phonetically balanced 

words while . 05 second bursts of thermal noise at a level 

20 dB higher than the speech were alternated between the 

ears (Jerger , et. al. , 1960 ) .  In effect, the words are vir­

tually unintelligible through either earphone singly. The 

noise bursts mask out all or part of most of the words 

(Jerger , et, al. , 1960 ) .  While listening through both ear­

phones, the listener experiences an illusion in which bursts 

of noise are localized in the ears, but the words are heard 

in the center of the head (Newby, 1964, p. 182 ) .  As a re­
sult, the words are understood easily, and the discrimination 
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score is usually between 90-100;& (Newby, 1964,. p. 183 ) .  The 

sununation phenomenon took place in the "S�vAMI" test as well. 

Binaura 1 Smnroation with l''iltered Soeech in 
Articulation Defective Cbild�en 

r'lowers and Costello ( 1963 ) attempted to assess and com-

pare the responses to d1storted speech and binaural summa­

tion techniques of children with severe and multiple articu­

lation problems, and normal speaking children in the second, 

third, and fourth grades. They (Flowers and Costello, 196J ) 

examined children who were suspected of having subtle abber­

ations of central he�ing (reasons unstated in the article). 

Their methodologies were based on Becca's ( 1955) techniques. 

Each subject was given tests of filtered speech and binaural 

summation with the use of a picture-word test. The results 

indicated that the control group responded significantly 

better than the experimental group on the talk-back test in 

both. the filter and binaural summation conditions (Flowers 

and Costello, 196J ) .  The children with severe articulation 

problems had more difficulty with the distorted speech signal 

than did the normal speaking children (Flowers and Costello, 

196J ) .  Flowers and Costello ( 1963 ) concluded that . the filtered 

speech and binaural summation tests could be used as di'agnos­

tic alds in the assessment of the central mechanism of hear­

ing as related to speech-articulation deficiency. 

No studies have been done on .the effects of filtered 

speech and binaural summation techniques on fifth and sixth 
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grade children with severe articulation problems who have not 

responded to speech therapy after at least one year, and 

normal speaking children of the same· age. The writer specu­

lates that these children who have not responded to therapy 

may have subtle abberations of central hearing. The need for 

further investigation in this area follows logically from the 

review of literature. The present study will generally fol­

low the methodologies of Flowers and Costello ( 1963) based 

on Bocca's ( 1955) research. 



CHAPTER III 

SUBJECTS , PROC£DUrlE, EQUIPMENT 

Preliminary Study 
The purpose of this preliminary study was to determine 

the optimal filtering and unadulterated speech discriminatio·n 

levels to be presented to the 60 subjects in the major part 

of this investigation. 

Subjects. --A total of six normal speaking public elemen­

tary school children in the fifth and sixth grades ( J  males 

and J females), whose chronological ages ranged from 10 years, 

2 months , to 11 years , 10 months , served as subjects in this 

preliminary investigation. 

Method of Selection and Assigoment. --These six children 

were selected from the fifth and sixth grade children known 

by a Department of Speech Pathology and Audiology member. 

The children were from the East Central Illinois elementary 

school normal speaking population. They were children with 

no known hearing losses, and were selected for their availa­

bility. No student was studied who had a speech reception 

threshold (SRT) poorer than 10 dB in either ear. 

28 
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Equipment. --An IAC 160 JA audiometric suite equipped with 

a Beltone 15-C two -channel audiometer ( ISO ) with TDH-39 ear­

phones was utilized in this investigation. An Allison i�iodel 

25 filter was also used in conjunct ion with Channel two of 

the audiometer in order to present filtered speech to the sub­

jects. 

In order to establish SRT • s  for each subject, the re­

corded version of the C . I .D.  Auditory Test �-1, List A ,  was 

presented to each child. Recorded version of the C . I . D .  Audi­

tory Test w-22 , List lA was employed to determine unadulter­

ated speech discrimination scores at threshold level ( O  dB 

re SRT) in the right ear . The right ear was chosen arbitrari­

ly as the ear to receive the unadulterated speech discrimina­

tion task. Recorded versions of the C . I . D .  Auditory Test, 

Lists 2A, JA, and 4A were utilized in order to determine the 

optimal filtering levels . The left ear was chosen arbitrari­

ly as the. one to receive the filtered speech. These five re­

cordings had never been used prior to this investigation. 

Procedyre . --Each of these six children was examined in­

dividually. Each subject was seated in a chair against the 

east wall of the audiometric suite in order to minimize ex­

traneous noises, and to insure uniform testing conditions. 

The suite was lighted adequately. Amplifier output was ad­

justed so that zero reference on the audiometer attenuators 

corresponded to 18. 2  S . P . L. The Allison filter was connected 
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to Channel two so that filtered speech could be presented in 

the left ear. 

Earphones were placed on the subject and the recorded 

version of the C . I . D .  Auditory Test w-1, List A ,  was used to 

obtain monaural speech reception thresholds .  Oral responses 

were transmitted to the examiner in the control room of the 

suite. 

SRT was then determined as followsa At approximately 

20 dB above the examiner ' s  estimate of the subjec t ' s  thresh­

old, testing began. The stimuli were then attenuated in 

5 dB steps to inaudibility, increased again to audibility, 

and ultimately the level at which the sub ject could repeat 

three out of six spondee words was determined as his SRT 

( 1  dB level) . If the subject did not repeat 50% of the 

words--that is , if he repeated four out of six and two out 

of six at succeeding levels, the level at which he repeated 

two .out of six was considered his SRT. 

For the following discrimination tasks, the C . I . D .  Audi­

tory Test W-22 lists were used . These phonetically balanced 

words are reliable with inter-test reliability established 

at . 91 or better and have been shown to be equivalent · in 

their inter-changeability of lists (Ross and Huntington, 

1962 ) .  The W-22 lists were chosen because of their availa­

bility, ease of administration, and known performance with 

normal hearing subjects under undistorted conditions. For 

each of the following tasks, 50 of the w-22 words were 
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administered. 

Each subject was instructed that he would hear the 

various auditory conditions and that· the discrimination 

words would be preceded by the carrier phrase , "You will 

say, " and that he should say the word that he heard . Each 

subject· was also oriented to each of the test conditions 

by permitting him to hear an example of the type of auditory 

stimulus that he was to receive. The examiner said , "How 

are you today? " in each of the test conditions. These four 

C . I . D .  W-22 lists were chosen and presented in a random or­

der to control for ordering effects, 

To find the optimal unadulterated discrimination score , 

List lA was presented to the subject through Channel one of 

the audiometer at O dB re his right SRT. This level was 

chosen in order to find the frequency cut-off that permitted 

a maximum unadulterated discrimination score of approximate­

ly 50% in the right ear (Bocca, 1955 ) .  Bocca (1955) used a 

-5 dB level re the subjec t ' s  right ear SrlT in order to obtain 

less than a 40% discrimination score. For the purposes of 

this study, a O dB level re the subje�t · s  right SRT was 

employed since these were young children with S�T · s  of less 

than 5 dB, For this reason, it was virtually impracticable 

to use a -5 dB level re the subject ' s  right ear SRT . This 

limitation can be attributed to . the inability of the audi­

ometer used in this study to obtain thresholds that are 

below 0 dB, 
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To determine the optimal low-pass filtering cut-off, 

and hence,  the filtered speech scores , the methods s imilar 

to Becca's  ( 1955) were used. One of the C . I .D . Auditory 

Test W-22 lists , either 2A, JA ,  or 4A, was then presented to 

the subject through Channel two of the audiometer on a ran­

dom basis at vari9us low-pass cut-off filtering levels at 

40 dB re his left ear SrtT, These low-pass filtering levels 

only permitted the frequencies below the specified cut-off 

range to pass through to the subject ' s  left ear . The three 

low-pass cut-off levels chosen for this study were 780 Hz 

(List 2A ) ,  720 Hz (List JA ) ,  and 660 Hz (List 4A ) ,  respec­

tively. These levels were chosen to identify the frequency 

cut-off that permitted a maximum discrimination score under 

filtered conditions of approximately 50% in the left ear 

(Bocca, 1955 ) .  The filtered speech score was obtained in 

this way. According to Becca ' s  ( 1955) investigation with 

adults , the optimal unadulterated discrimination score and 

the opt imal filtered s�eech score should yield an additive 

binaural summation score of approximately 90%. For further 

clarification of the discrimination tasks in this prelimin­

ary study, see p .  JJ. 

Results. --The results o f  this preliminary study are 

presented in Table 1 on p .  J4. The unadulterated discrimin­

ation scores were above 50�� in fou r out of six cases. Becca 

( 1955 ) utilized a -5 dB level re the subjec t ' s  right ear 
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PRELIMINARY STUDY 

Discrjmination Tasks 

Unadulterated Discrimination at Threshold Leyel 

Right 

Discrimination,> 
at .o dB re SitT, 
List lA. 

Left 
• 

Filtered Speech at 780 Hz Low-Pass Cut-Off 

. Right Left 
1liscrimination, 
SRT + 40 dB, 
List 2A. 

Filtered S�eech at 720 Hz Low-Pass Cut-Off 

Right Left 
�iscrimina tion, 
SRT + 40 dB, 
List JA. 

Filtered Speech. at 660 Hz Low-Pass Cut-Off 

Right Left 
15iscrimination, 
SitT + 40 dB, 
List 4A. 



SRT 
Subject Age Grade 

R L 

1. I'i'l 10-2 5 8 8 

2. Ni 10-9 5 9 4 

J. Ni 11-10 6 2 9 

4.  F 10-10 .5 9 9 

5. M 10-11 5 8 9 

6.  M 11-5 6 8 6 

TABLE 1 

DISCRIMINATION SCORES 

Unadulterated Filtered Speech 
Discrimina- Scores re Left 
tion Scores Ear ·SrlT + 40 dB 

re rlight Ear at 780 Hz Low-
SrlT Pass Filtering 

{ List lA) (List 2A ) 

485' 52� 

54% 74�& 

48� 68% 

54� 68% 

58% 54� 

58% 64/� 

: 
Filtered Speech Filtered Speecl 
Scores re Left Scores re Left 
Ear SHT + 40 dB Ear SrlT + 40 dl 
at 720 Hz Low- at 660 Hz Low-
Pass Filterine 

( List JA ) 
Pass f'iltering 

( List 4A ) 

50% 40�� '-$-· 
72% 467� 

64�� 48% 

54% 44% 

50% J6% 

62% 48% 
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SRT in order to obtain values of less thC-.L� 40%. on adult sub­

jects . Since the present study involved fifth and sixth 

grade children with SrlT • s  of less than 5 dB, the -5 di3 lev-

el could not be utilized due to the lL�its of the audiometer. 

For this reason, this preliminary study did not yield addi­

tive effects of approximately 90% of the unadulterated discrim­

ination scores and the filtered speech scores. Additive ef­

fects were obtained, however, but were greater than approxi­

mately 9m-;. 

The 780 Hz and the 720 Hz low-pass cut-off filtering 

levels did not permit filtered speech scores of less than 

50%. Therefore , these two levels were not optimal for this 

study (Bocca, 19.5.5 ) .  The 660 Hz low-pass cut-off filtering 

level permitted all of the six filtered speech scores to be 

below 50%. This low-pass cut-off level was, . therefore , the 

optimal level sought for the major part of this study (Bacca, 

19.5.5 ) . 

For the purposes of the major study, the binaural sum­

mation scores are most important to assess the discrimination 

abilities of normal speaking children and articulation defec­

tive children. The additive effects that Bacca ( 1955) found 

with the unadulterated discrimination scores and the filtered 

speech scores are not of great concern in the main investiga­

tion. 

The subjects and their data obtained in the preliminary 

study were not used in the major study. 
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Subjects. --A total of 60 public elementary school chil­

dren in the fifth and sixth grades (JJ make and 27 female), 

whose chronological ages ranged from 9 years, 11 months, to 

12 years, O months , served as subjects in the major study . 

fJiethod of Selection and Assignment. --'rhe JO subjects in 

the control group (Group I) were selected from the fifth and 

sixth grade children enrolled in various elementary schools 

in the East Central Illinois area. Elementary school teach­

ers were asked to prepare a list of the normal speaking 

children with no known hearing losses from their classes. 

These children were then selected for their availability. 

This group consisted of 15 fifth and 15 sixth grade children. 

The JO subjects in the experimental group (Group II) 
had two other considerations for selection . These children 

had been diagnosed by various speech clinicians in the East 

Central Illinois area as having a severe unresponsive artic­

ulation disorder. These children were then selected from 

speech correction classes. For the purposes of this study , 

a severe unresponsive articulation disorder was operationally 

defined as one consisting of at least one distortion in the 

following group of phonemes• /s, � , tJ'• dJ , r, 1/. These 

were children who were not able to correct their error 

sound(s) in spontaneous speech after at least one year of 

speech therapy even though they might have been able to 
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produce the sound ( s )  correctly in isolation, words , or non­

sense syllables. All of these su.bjects were not dismissed · 

from speech therapy at the time this . study took place.  

These JO children were then chosen for their availability. 

Hence , 15 fifth graders and 15 sixth graders who met this 

added criterion of a "severe unresponsive articulation dis­

order' were used in this investigat ion . It was felt that 

these 60 students represented an adequate sampling of the 

student population . No child had any previous experience 

with the test materials that were used . No attempt was 

. made to match the groups in terms of sex, type of articula­

tion error, or clinician. 

Examiners. --The writer was the only examiner in the 

major part of this study. A team of two examiners were used 

to determine the inter-examiner reliability of the children ' s  

responses to the auditory stimuli. Each of these examiners 

was a graduate student in the area of Speech Pathology and 

Audiology at Eastern Illinois University, and was trained in 

these areas for at least two years . To establish inter-exa.�­

iner reliability for the two groups, two subjects were ran­

domly selected from a table of random numbers for four dif­

ferent lists in each group. The two examiners then obtained 

four percentage of agree�ent scores for each group. · In this 

manner, reliability was established twice of all four of the 

C . I . D .  Auditory Test Lists, lA, 2A, JA, and 4A, with the 
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control and the experimental groups. 

Reliability was established at 100% and 98% with sub­

ject 11 (Lists 2A and 4A) ,  and 98� and 100�� with subject JO 

( Lists JA and lA ) of the control group (Group I ) .  The re­

liability of the two examiners was then established at 98% 

and 100� with subject 14 (Lists 4A and JA ) ,  and at 96% and 
. 

96% with subject 21 (Lists lA and 2A) of the experimental 

group (Group I I ) .  All these values were interpreted to show 

high levels of inter-examiner rel�ability. 

Equipment. --The same audiological equipment was used in 

the major study as in the preliminary s tudy ( c . f . , prelim­

inary study, pp. 22-23 ) .  

To establish SRT • s  for each of the subjects , the same 

C. I.D. Auditory Test W-1, List A ,  and procedure was used as 

in the preliminary study. 

The C.I.D . Auditory Test W-22 lists were also employed 

in the major study. However, Lists lA, 2A, JA, and 4A were 

here used to determine s 1 )  baseline speech discrimination 

scores at threshold level (List lA) ;  2 )  new speech discrim­

ination scores at threshold level (List 2A ) ;  J )  filtered 

speech scores (List JA ) ,  and 4 )  binaural summation ·scores 

( List 4A ) .  

A fill-in sheet was devised in order to re�ord the 

monaural SRT • s  and the four discrimination score percentages. 

The percentages recorded represented the number of correct 

auditory responses given by each of the 60 children. The 
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responses obtained from the first five control subjects are 

presented in Appendix I on p. 68. 

Procegure. --The 60 subjects in Groups I and II were 

then examined on an individual bas is . Monaural S�T · s  were 

obtained as in the preliminary study. 

To establish baseline discrimination behavior at 

threshold level, C . I . D . Auditory ·rest W-22, List lA was 

given to each subject first. Th is method is the same as in 

the preliminary study ( c . f . , preliminary study, pp. 24-25 ) .  

The first unadulterated discrimination score was then obtained . 

The next three lists, 2.A ,  JA, and 4A, were then given in ran­

dom order to once again prevent ordering effects . 

List 2A consisted of a new speech discrimination task 

at threshold level, and was presented in the same manner as 

List lA. The second unadulterated discrimination score was 

then obtained. 

List JA consisted of a filtered speech task as in the 

preliminary s tudy. The 660 Hz low-pass cut.-off filtering 

level was the only one used in this part of the study, since 

· it was shown to be the optimal level. · The filtered speech 

score was then obtained. Both the filtered speech scores 

and the unadulterated discrimination scores at threshold 

were determined in this study to show �hat the binaural sum­

mation effect described below was obtained , and that it was 

approximately additive. 
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In this major study, a new discrimination task was in­

volved. List 4A from the c . r . D .  Auditory Test W-22 was then 

presented in the left ear at the same presentation level as 

the filtered speech task , under the same low-pass filtering 

system. At this point, the same words were s imultaneously 

introduced into the right ear at the same sensation level as 

the unadulterated discrimination task. The left ear stimu­

lus was filtered and the right ear stimulus was unfiltered. 

The subject was then receiving a suprathreshold distorted 

s ignal (quantity) in one ear, and a threshold undistorted 

s ignal (quality) in the other ear. These results were the 

subject ' s  binaural summation score s .  

To clarify these four discrimination tasks, refer to 

the illustration on p.  41. 

All 60 subjects were examined over a period of 14 days , 

and were all treated in an equal manner during the testing 

situation. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Results 
The purpose of this chapter is to report the statistical 

computations and interpret the results of the present study . 

A two by three factorial analysis of variance was com­

puted in order to determine if significant differences ex­

isted between and within the two groups of children. A sum­

mary of this analysis is presented in Table 2 on p .  43. In 

this analysis of variance ,  the two factors present were 

groups , and types of discrimination tests. Within these two 

factors , levels existed. In group, the two levels were the 

control ,  and the experimental; in types of discrimination 

tests , the three levels were the unadulterated discrimina­

tion test, the filtered speech test, and the binaural summa­

tion test. Both main factors and their resulting interac­

t ions yielded statistically s ignificant F-rat ios which were 

s ignificant beyond the . 05 level. The null hypothesis was 

then rejected. Therefore , in an effort to identify specific 

sources of variance, 15 �-tests were computed. 

Each �-test was computed and interpreted for one-tailed 

tests (Guilford, 1965, p .  581 ) .  Since there was good 
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TABLE 2 

s·um.NtARY OF ANALYSIS OF VARIANCE 

Source 

Group 

Type of Discr im-
ination Test 

· 

Interaction 

Within Sets 

Total 

SS 

4929 . 7 8  

19322.73  

3542 . 56 

11216. 93 

39012 . 00 

df IV1S 

1 4929 . 75 

2 9661 . 37 

2 1771. 28 

174 64 . 47 

179 

*Significance beyond the . 05 level ( P. 05=J. 9l) 

F 

7 6 . 47i: 

149. 87-lc 

27 . 48* 
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TABLE J 

MEANS OF GHOUP I AND G�OUP II 
IN THE DISCRlf\'1INATION TESTS · 

-

1'1 Unadulterated Filtered 
Discrimination Speech 

Scores Scores 
(A) ( B )  

. 

61,4  4 6 . 8  

55, 9  43 . 8  

· *Significance beyond the . 05 level ( P. 05= 1 . 7 0 )  

TABLE 4 

MEANS OF GROUP I AND GROUP II 
IN THE DISCRD1INATION TESTS 

df t 

I A vs. II A 29 2 . J7* 

I B vs. I I  B 29 1 . 82* 

.I C vs.  II C 29 8 . )9* 

I A vs . I B 29 8 , 59* 

I B vs. I C 29 17 . 29* 

I A vs. I C 29 10. 72* 

II A vs . II B 29 6 . 26il-

II B vs . II C 29 9 , 72* 

II A vs . II  C 29 1 . 72* 

3inaural 
Summation 

Scores 
( C )  

82 . 1  

59 . 2  

*Significance beyond the � 05 level ( ?. 05= 1 . 7 0 )  
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reason to make a directional prediction based on Flowers and 

Costello ' s  (1963 ) research, a one-tailed test was chosen for 

interpretation of the statistical analyses.  This was based 

upon the confidence that an outcome in the opposite direc­

tion would not be obtained ( W illiams , 1968, p .  66 ) .  The �­

value required to reach the . 05 level with 29 degrees of 

freedom was 1 . 70. ' The following comparis:> ns were made to 

test the hypotheses for the three test conditions which were 

lettered as follows for clarification of the analysesa  A-­

unadulterated discrimination scores1 B--filtered speech 

scores, and C--binaural summation scores.  Group I comprised 

the control group or the normal speaking children; and 

Group II comprised the experimental group or the articula­

tion defective children. 

Between Comparisons 

Group I A vs . Group II A. --The resulting �-value of 

2 . 37 reached s ignificance at the . 05 level.  This was in­

terpreted to mean that there was a statistically s ignificant 

difference between normal speaking children and articula­

tion defective children in their unadulterated speech dis­

crimination scores. In this task, the normal speaking 

children correctly discriminated more speech sounds than 

the articulation defective children. This task, therefore, 

did differentiate the discrimination abilities of the nor­

mal speaking children and the articulation defective 
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children under unadulterated speech conditions . The null 

hypothesis was then rejected. The mean scores of the two 

groups and the discrimination scores is presented in Table J 

on p .  44. 

Group I B ys.  Group I I  B , --The resulting �-value of 

1 . 82 was statistically significant at the . 05 level.  This 

was interpreted to mean that there was a statistically sig­

nificant difference between normal speaking children and 

articulation defective children in their filtered speech 

scores . In this task, the normal speaking children exper­

ienced less difficulty with the distorted speech s ignal than 

the articulation defective children. In Flowers and Costello ' s  

( 1963 ) study, the normal speaking children did do signifi­

cantly better than the articulation defective children on 

the filtered speech task. In the present study, the filtered 

speech task did differentiate the normal speaking children 

from the articulation defective children in their abilities 

to discriminate speech sounds under filtered speech condi­

tions . The inability of the articulation defective children 

to deal with the filtered speech task substantiates the 

work of Flowers and Costello ( 1963 ) ,  and extends the gen­

erality of these findings to articulation defective children 

in the fifth and sixth grades as well . The null hypothesis 

was, therefore , rejected. 

Group I C ys, Grau� II c . --The resulting �-value . of 
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8 . 39 was significant beyond the . 05 level.  This was inter­

preted to mean that there was a statistically significant 

difference between the normal speaking children and the ar­

t iculation defective children in their binaural summation 

scores.  In this task, the normal speaking children correctly 

discriminated more speech sounds than the articulation de­

fective children . �he normal speaking children demonstrated 

much more facility than the articulation defective children 

with this task that apparently involves central processing 

of two different auditory signals .  The articulation defec­

tive children did not summate the two separate stimuli as 

well as the normal speaking children thereby forming a total 

message·. Instead, the binaural summation scores were consid­

erably less than 90% for the articulation defective children. 

This poorer ability to summate substantiates the Flowers and 

Costello ( 1963 ) study, and extends the generality to a new 

age range. Flowers and Costello ( 1963 ) found that children 

in the second, third, and fourth grades with severe and 

multiple articulation errors obtained poorer binaural sum­

mation scores than the normal speaking children . The discrim­

ination abilities of the normal speaking children was far 

superior to those of the articulation defective children. 

This task, therefore , differentiated between the discrimina­

t ion abilities of the normal speaking children and · the artic­

ulation defective children in the binaural summation task.  

The null hypothesis was then rejected. 
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Wjthin Comparisons 

Group I A vs. Group I B. --The resulting �-value of 8 . 59 

was significant beyond the . 05 level. This was interpreted 

to mean that there was a statistically significant difference 

between the unadulterated discrimination and the filtered 

speech scores in normal speaking children. The normal speak­

ing children obtained better unadulterated discrimination 

scores than filtered speech scores . In Bocc a ' s  ( 1955 ) study 

with adults , the unadulterated speech scores and the filtered 

speech scores yielded a 90% additive effect ( c . f . , prelimin­

ary study, p .  )I ) .  As explained in the preliminary study, 

the unadulterated discrimination scores were expected to be 

better than the filtered speech scores due to the limitations 

of the audiometer. The audiometer did not permit thresholds 

to be taken below O dB, s ince the Beltone 15-C two-channel 

model used in this study ranged in intensity from 0-110 dB. 

This s ignificant difference,  therefore , was anticipated and 

the obtained scores are thus explained. The null hypothesis 

was then re jected . The mean comparisons of the two groups 

and the discrimination scores is presented in Table 4 on p .  44. 

Group I B ys. Group I c. --The resulting �-value of 17 . 29 

was statistically significant far beyond the . 05 level. This 

was interpreted to mean that there was a significant difference 

between the filtered speech scores and the binaural summation 

scores in the normal speaking children. The binaural· 



summation scores were much better than the filtered speech 

scores.  In normal speaking children, it  has been shown 

that binaural summation scores of approximately 90% are ob­

tained under binaural summation conditions (Flowers and 

Costello , 196J ) .  The unadulterated discrimination scores 

obtained were expected to be less than approximately 40�, 

and the filtered spee�h scores were expected to be approxi­

mately 50% ( Bocca, 1955 ) .  The binaural ·summation scores, 

therefore , should have yielded an additive effect of approx­

imately 90�� (Bocca, 1955 ) .  Since it was expected that the 

filtered speech scores should be approximately 50� (Eocca, 

1955 ) ,  it was not surprising that the �-value was of such a 

great magnitude . The null hypothesis was then rejected . 

Group I A vs. Group I c . --The resulting �-value of 10 . 72 

was significant beyond the . 05 level. This was interpreted 

to mean that the unadulterated discrimination scores and the 

binaural summation scores were s ignificantly different in nor­

mal speaking children. The binaural summation scores were 

much better than the unadulterated discrimination scores. 

This is explained by the approximate 50% unadulterated dis­

crimination scores expected according to Bocca ' s  ( 1955 ) study. 

The unadulterated discrimination scores and the filtered 

speech scores together were expected to yield an additive 

effect of approximately 90% ( Bocca, 1955 ) .  A statistically 

significant �-value was , therefore , expected to be obtained 

from the normal speaking children. The null hypothesis was 
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then rejected. 

Group II A ys. Group II B. --The resulting �-value of 

6 . 26 was statistically significant beyond the . 05 level.  

This was interpreted to mean that there was· a s ignificant 

difference between the unadulterated discrimination scores 

and the filtered speech scores in articulation defective 
. 

children. The unadulterated discrimination scores were 

better than the filtered speech scores. As explained in 

the preliminary study ( c . f . , preli�inary study, p .  Jl ) ,  the 

unadulterated discrimination scores were expected to be 

better than the filtered speech scores due to the limita­

tions of the audiometer. The Beltone 15-C two-channel audi­

ometer used in this study covers the intensity range of 

0-110 dB. As a result of this minimum intensity output of 

0 dB , no thresholds below this level could be obtained. For 

this reason, the unadulterated discrimination scores were 

expected to be better than the filtered speech scores . 

This significant difference can thus be understood. The 

null hypothesis was then rejected . 

Group II B ys. Group II c . --The resulting �-value of 

9 . 72 was significant beyond the . 05 level. This was inter­

preted to mean that there was a statistically s ignificant 

difference between the filtered speech scores and the binau­

ral summation scores in the articulation defective children. 

The binaural summation scores were better than the filtered 
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speech scores.  According to Bocc a ' s  ( 1955) study, signifi­

cant differences were expected here since the unadulterated 

discrimination scores and the filtered speech scores should 

yield an additive effect of approximately 90�. The filtered 

speech scores were obtained from approximately one-half of 

the binaural summation scores .  For this reason, the obtained 

difference was anticipated from prior research ( Bocca, 1955; 

Flowers and Costello , 1963 ) .  The null hypothesis was, there­

fore, rejected. 

Group II A ys. Group II c . --The resulting �-value of 

1 . 72 was statistically s ignificant at the . 05 level. This 

was interpreted to mean that there was a s ignificant differ­

ence between the unadulterated discrimination scores and the 

binaural summation scores in articulation defective children. 

The binaural summation scores were better than the unadul­

terated discrimination scores .  The binaural summation scores, 

which were approximately 90% in normal speaking children 

(Flowers and Costello, 1963 ) ,  were expected to be less than 

90% in the articulation defective children. The summation 

that occurred in these children was considerably less than 

90%. The unadulterated discrimination scores and the binau­

ral summation scores in the articulation defective children 

were significantly differenti but, the magnitude of the 

d ifference was not great as in the Group I comparison. Since 

the .articulation defective children did not obtain summation 

scores of approximately 90% as the normal speaking children 
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did, the statistically s ignificant difference� between the 

unadulterated discrimination sco�es and the binaural summa­

tion scores was of a smaller magnitu�e than Group I . The 

�-value, moreover, just reached s ignificance at the . 05 

level. The binaural summation scores did not yield an 

additive effect of approximately 90� with the unadulterated 

discrimination scores and the filtered speech scores since 

the unadulterated discrimination scores exceeded 40% ( c . f . , 

preliminary study , p .  31 ) ,  and the articulation defective 

children did not obtain summation scores of approximately 

90% as the normal speaking children did. The null hypothe­

sis was then rejected. 

Interaction Effects 

When interaction is present, columns are different in 

different ways within rows , and vice-versa (Hays, 1963, p .  

390 ) .  In this study, the groups ( columns ) ,  and the types of 

discrimination tests (rows ) yielded statistically s ignificant 

interaction effects . This was interpreted to mean that the 

groups (control and experimental ) ,  and the types of discrim­

ination tests (unadulterated speech, filtered speech, and 

binaural summation) were differentially affected. The mean 

scores of the two groups and the discrimination scores with 

the resulting interaction effects is presented in Table 5 on 

p. 53 . 

Interaction effects lead to a qualification on the 
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TABLE 5 

M.EAi"lS OF GROUP I AND G.cWUP II 
IN THE DISC:\IfiiiINA?ION ·r�::»rs 

( INT�rl.ACTION EFFECTS ) 

df t 

I A vs . II B 29 9 . 56* 

I A vs . II C 29 1 . 14 

I B vs . II A 29 5 . 30* 

I B vs . II C 29 6 . 15* 

I C vs . II A 29 12. 17* 

I C vs. II B 29 1 6 . 53* 

*Significance beyond the . 05 level ( P. o_s=l . 70 )  
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estimate that can be made of the difference attributable to 

one factor which depends on the particular level of the 

other factor (Hays , 1963 , p .  390 ) .  For example, the control 

group ' s  unadulterated discrimination scores and the experi-

mental group ' s  binaural summation scores yielded statistical­

ly significant interaction effects (Group I A vs . Group II C ) .  

This comparison, however, was not meaningful in respect to 
. 

clinical management differences . It was not anticipated 

pre-experimentally that these two groups with these two 

discrimination tests should yield important comparisons . 

"Significant interaction effects usually reflect a sit-

uation in which overall estimates of differences due to one 

factor are fine as predictors of average differences over 

all possible levels of the other factor" (Hays, 1963, p.  391 ) .  

But, it will not necessarily be true that these are good es­

timates of the differences to be expected when information 

about the category of the other factor is given (Hays, 1963 , 

p .  391 ) .  Significant interaction serves as a warning• treat­

ment differences do exist, but to specify how the treatments 

differ, and especially to make good individual predictions, 

one must look within the discrimination tests of the other 

group to make good individual predictions . In other words , 

when interaction . effects are present , the best forecast can 

be made only if the individual ' s  status on both factors is 

known (Hays , 1963 , p. 391 ) .  

Interaction effects can be studied separately only in 
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a two-way (or higher) analysis of variance with crossed 

factors, where the experimental group is carried out with 

replication (Hays , 1963 , p. 392 ) .  In this manner, an error 

sum of squares would be available, permitting the study of 

tests, both for treatment effects and for interaction (Hays , 

1963, p .  392 ) .  For the purposes of this study, the result­

ing statistically significant interactions were not mean­

ingful comparisons in that they did not yield practical 

clinical management decisions . In order to further explore 

the exact significance of these effects, replication would 

be necessary (Hays, 1963 , p.  392 ) .  

Discussion 

The major finding in this experiment was that normal 

speaking children and articulation defective children differ 

s ignificantly in their abilities to discriminate speech 

sounds under unadulterated speech, filtered speech, and 

binaural summation conditions. This finding substantiated 

Bocca ' s  ( 1955) study, and Flower and Costello ' s  ( 1963 ) find­

ings that normal subjects (without central nervous system 

pathology) and normal speaking subjects can summate effec­

t ively while patients with certain central nervous system 

pathologies and children with severe and multiple articula­

tion problems cannot .  The normal speaking children performed 

s ignificantly better under all three test conditions. Gener­

ality was then extended from the filtered speech and binaural 



summation phenomena to fifth and sixth graders as well as 

second, third, and fourth grade children in the population. 

At this time , it can only be inferred that these chil­

dren may have subtle abberations in the central mechanism of 

hearing. l"i:ore research is needed in the area of the central 

mechanism of hearing in relation to the binaural summation 

task in order to determine how it might differ in normal 

speaking and in articulation defective children. The filtered 

speech task and the binaural summation task could be used as 

diagnostic aids in the assessment of the central mechanism of 

hearing as related to speech articulation deficiency. Iv.ore 

research is needed, however, in order to establish a causal 

relationship between central mechanism of hearing deficits 

and speech articulation deficiency. 

It would be worthwhile knowing if the filtered speech 

and the binaural summation tasks were affected by maturation 

and/or learning. If it was established that the discrimina­

tion abilities of articulation defective subj ects were not 

affected by maturation, and also could not be learned, then 

these findings would lend support to the hypothesis that 

the filtered speech and the binaural summation tasks may be 

related to a central deficit. 

Further experimentation with patients with central 

nervous system �athologies and with normal subjects is needed 

in order to assess the discrimination abilities of subjects 

under the filtered speech and binaural summation conditions � 



57 

Localization of the sites of lesion causing the poor ability 

to summate may be obtained from this type of research. 

Penfield and Roberts ( 1959) discovered many speech 

phenomena that resulted from extensive cortical brain map­

pings on patients with epilepsy. Distortion of words and 

syllables was noted when an electrode was placed in various 

areas of the brain such as the junction of the fissures of 

Rolando and Sylvius ( Penfield and Roberts , 1959, p. 125 ) .  

The distorted sound was defined by Penfield and Roberts { 1959, 

p. 59 ) as a sound which is not a word but an unintelligible 

sound. 

Lesions which have produced difficulty in understanding 

speech have also involved both temporal regions, usually the 

first and second temporal , and Heschl '.s convolutions {Penfield 

and Roberts, 1959 , p .  75 ) .  This type of problem is referred 

to as auditory agnosia wherein a patient may retain the abil­

ity to hear sounds but lose the ability to recognize that he 

had heard them before { Penfield and Roberts , 1959, p.  74) . 

The temporal lobe , and more specifically, Vlernicke ' s  area, is 

believed to be the center of auditory recognition {Penfield 

and Ro�erts,  1959 , · p. 74) .  

Schuknecht and woellner have shown that essentially 

normal, pure-tone thresholds for speech frequencies ( 512, 

1024, and 2048 Hz ) may exist with a speech discrimination 

score of only 16% in a patient who had an acoustic neurinoma 

( Penfield and Roberts, 1959, p .  75 ) .  In other words, a 
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lesion which has incompletely destroyed the auditory nerve 

may result in the patient ' s  being able to appreciate pure 

tones but not being able to reproduce speech sounds ( Penfield 

and �oberts , 1959, p.  7 5 ) .  The exact location areas for speech 

sound discrimination are not known as yet .  I t  is hypothesized , 

however, that the temporal cortex, and more specifically, the 

junction of the fissures of Rolando and Sylvius,  the first 
. 

and second temporal regions, and Heschl ' s  convolutions may be 

the cortical regions that govern speech sound discrimination. 

With the assistance from speech scientists and neuroanato-

mist s ,  more information can be obtained from more extensive 

research in the area of the central mechanism of hearing in 

relation to speech-articulation deficiency. 



CHAPTEn 5 

SUiv.iiYJ.ARY AND CONCLUSIONS 

Thre� questions were considered in this study: 

1. Are there significant between group differences 
in the three conditions of unadulterated discrim­
ination scores,  filtered speech scores, and bi­
naural summation scores? 

2 .  Are there significant within group differences 
in the three conditions of unadulterated discrim­
ination scores ,  filtered speech scores, and bi­
naural summation scores? 

J.  Can the filtered speech and the binaural summa­
tion tests be utilized as diagnostic aids in the 
assessment of the central mechanims of hearing 
as related to speech-articulation deficiency? 

To provide answers to questions one and two , the follow­

ing hypotheses were stated in null form: 

Between Comparisons. --
i . · There is no significant difference between nor­

mal speaking children and articulation defective 
children in their unadulterated speech discrimin­
ation scores. 

2 .  There is no s ignificant difference between nor­
mal speaking children and articulation defective 
children in their filtered speech scores . 

J .  There is no s ignificant difference between nor­
mal speaking children and articulation defective 
children in their binaural summation scores. 

Within Comparjsops. --

1. There is no s ignificant difference between the 
unadulterated discrimination scores and the 
filtered speech . scores in normal speaking 

59 
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children. 

2 .  There i s  no significant difference between the 
filtered sneech scores and the binaural summa­
tion scores in normal speaking children. 

J .  There is no s ignificant difference between the 
unadulterated discrimination scores and the bi­
naural summation scores in normal speaking 
children. 

4 .  There is no significant difference between the 
unadulterated discrimination scores and th'e 
filtered speech scores in articulation defec­
tive children. 

). There is no s ignificant difference between the 
filtered speech scores and the binaural summa­
tion scores in articulation defective children. 

6.  There is no s ignificant difference between the 
filtered speech scores and the binaural summa­
t ion scores in articulation defective children. 

The third question was answered on the basis of inference 

derived from interpretation of the statistical analyses.  

A review of the literature on binaural summation indi-

cated the importance of assessing the speech sound discrimina­

tion abilities of normal speaking and articulation defective 

children. The only study in this area was done by Flowers 

and Costello ( 1963 ) on second, thii'd, and fourth grade chil­

dren. They { Flowers and Costello , 196J ) found that articula­

tion defective children with severe and multiple articulation 

problems could not summate whereas normal speaking children 

could summate. These articulation defective children obtained 

summation scores that were considerably less than 90�� in 

comparison to the normal speaking children who obtained summa­

tion scores of approximately 90%. No study had been done 
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on the discrimination abilities of severe articulation de-

fective children and normal speaking children in the fourth 

and fifth grades . These children used in the present study 

were operationally defined as those children who had not 

improved in speech therapy after at least one year on one 

or more of their error sound ( s )  consisting o f i  /s , j ,  tJ• 
dj , r,  1/. The present study was undertaken in order to 

assess the speech sound .discrimination abilities of severe 

articulation defective children and normal speaking children 

in the fifth and sixth grades under the three conditions of 

unadulterated speech, filtered speech, and binaural summation 

conditions. Four discrimination tasks were given to each of 

the JO children in Group I ( contro l ) ,  and 30 children in 

Group II ( experimental ) .  The first task given to each child 

was the baseline unadulterated discrimination task. A new 

unadulterated discrimination task, a filtered speech task, 

and a binaural summation task were then presented to each 

child randomly in order to control for ordering effects. 

In order to ascertain the presence or absence of a 

statistically significant difference between and within the 

two groups of children, a two by three factorial analysis of 

variance was computed. The between and within group analyses 

and the resulting interactions yielded statistically signi­

ficant F-ratios which were significant beyond the . 05 level. 

The null hypothesis was then rejected. To identify sources 

of variance ,  15 j;,-tests were computed. 
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In answer to question one, are there betw.een group dif­

ferences in the three conditions · of unadulterated discrimina­

tion scores,  filtered speech scores , . and binaural summation 

scores ,  the between group differences for Group I were all 

statistically s ignificant . The null hypothesis was then re­

jected . The normal speaking children did significantly bet­

ter than the articulation defective children on the unadulter­

ated discrimination task , the filtered speech task, and the 

binaural summation task. The work of Flowers and Costello 

( 1963)  supports this data that articulation defective children 

have more trouble dealing with the filtered speech signal as 

well as the binaural summation task in comparison to normal 

speaking children . One hypothesis formulated to account for 

this is as follows a ·rhe filtered speech task and the binaural 

summation task involve the central mechanism of hearing ; the 

articulation defective children have subtle abberations in 

this area and are , therefore , unable to deal with the filtered 

speech s ignal or the binaural summation task. 

In answer to question two , are there s ignificant within 

group differences in the three conditions of unadulterated 

discrimination scores, filtered speech scores, and binaural 

summation scores, the within group differences for Group I 

were all statistically significant . The null hypothesis was , 

therefore , rejected . According to Bocca ' s  ( 1955) study, the 

unadulterated discrimination task .should yield scores of 

approximately 40�; the filtered speech task should yield 
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scores of approximately 50%. An additive effect of approxi­

mately 90% of the unadulterated discrimination score and 

the filtered speech score was found in Bocca ' s  ( 1955) 

study, this was called the binaural summation score . 

The unadulterated discrimination scores and the filtered 

speech scores were expected to be different as stated in the 

preliminary study ( c . f . , preliminary study, p .  Jl ) , due to th·e 

audiometer ' s  limitations � This inability to obtain thresh­

olds below O dB accounted for the unadulterated discrimina­

tion scores being greater than 40>-�. This is one hypothesis 

to account for the significant differences in these two tasks . 

The filtered speech scores and the binaural summation 

scores were also expected to be d ifferent according to 

Flowers and Costello ' s  ( 1963 ) study with articulation defec­

t ive and normal speaking children . The null hypothesis was 

rejected here. Flowers and Costello ( 1963 ) obtained filtered 

speech scores of approximately 50% and binaural summation 

scores of approximately 905�. For this reason� s ignificant 

d ifferences may have been obtained. 

The unadulterated discrimination scores and the binaural 

summation scores were anticipated to be s ignificantly differ­

ent in the normal speaking children. The null hypothesis 

was rejected here. The unadulterated discrimination scores 

were expected to be approximately 40;� of the binaural summa­

tion scores of approximately 90��. Significant differences 

were expected for that reason. 
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The within group differences for Group II  were statis­

tically significant in all three comparisons . The null 

hypothesis was then re jected . It was expected that the un­

adulterated discrimination scores and the filtered speech 

scores would be different in the articulation defective 

children from the preliminary study ( c . f . , preliminary study, 

p .  31)  due to the limitations of the audiometer to obtain 

thresholds of less than � dB. Statistical significance,  

therefore , was accounted for. 

The differences between the filtered speech scores and 

the binaural summation scores were statistically significant. 

The null hypothesis was unsupported here. The significance 

was explained by Bocca • s  ( 1955 ) study wherein the binaural 

summation score is an approximate composite of both the fil­

tered speech score and the unadulterated discrimination score. 

Statistically significant results were obtained between 

the unadulterated discrimination scores and the binaural sum- . 

mation scores. From this result, the null hypothesis was 

rejected . The articulation defective children did not sum­

mate as well as the normal speaking children; therefore , the 

binaural summation scores did not yield an additive effect 

of approximately 90% ( Bocca, 1955 ) .  In fact,  the unadulter­

ated discrimination scores and the binaural summation scores 

just reached s ignificance at the . 05 level. A hypothesis 

was formulated to account for this • The binaural summation 

task involves the central mechanism of hearing ; the 
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articulation defective children have subtle aqberations in 

this area and are, therefore , unable to summate effectively. 

The st�tistically significant i�teraction effects were 

the result of the .interplay between the two groups and the 

three discrimination tests presented to the subjects . These 

interaction effects did not yield meaningful comparisons in 

respect to clinical management differences for the subjects. 

Furthermore ,  the meaningful interaction effects are the same 

as . those revealed by direct comparisons of groups and types 

of discrimination tests in which significant differences 

were demonstrated . 

In answer to question three ,  can the filtered speech 

an� the binaural summation tasks be utilized as diagnostic 

aids in tne assessment of the central mechanism of hearing 

as related to speech-articulation deficiency, only inferences 

can be drawn from the statistical analyses.  

Th� filtered speech task did differentiate the normal 

speaking children from the articulation defective children 

in this study. ?or this reason, the filtered speech task 

would be recommended as an aid in the assessment of the 

central mechanism of hearing as related to speech-articula­

tion deficiency. More research is needed to learn more 

about the filtered speech signal in relation to speech sound 

discrimination abilities. 

The binaural summation task C?Jl be used in conjunction 

with other tests for assessing the central mechanism of 
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hearing as related to speech-articulation deficiency. The 

results of this study substantiate the previous research of 

Flowers and Costello ( 1963 ) in differentiating the discrimina­

tion abilities of normal speaking children and articulation 

defective children in the binaural summation task. General-

ity was extended to fifth and sixth graders in the normal 

speaking and articulation defective population. THese tasks 

seem to be useful aids in the assessment of the central mechan-
. 

ism of hearing. 

Implications for Future Research 

There are several implications for further studies which 

_ have been brought about as a result of the present study 1 

1. A study comparing the unadulterated discrimination 

scores , filtered speech scores ,  and binaural summation scores 

of subjects with articulation errors grouped accord.iilg to 

their specific erred phoneme ( s ) .  i . e . ,  Subjects with /s/ 
. . 

problems versus subjects with �/ problems , versus /t.f / 

problems, versus /dy/ problems,  versus /r/ problems , versus 

/1/ problems , etc . In this manner, a specific phoneme may 

prove to be related to. the subject ' s  poor ability to summate. 

2 .  A study comparing the unadulterated discrimination 

scores, filtered speech scores, and binaural summation scores 

of subjects with articulation errors grouped according to 

classification of error. i . e . , Those subjects having omis­

sions , versus those having distortions , versus those having 

substitutions. In this manner, a specific type of error 
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may prove to be related to the subjec t ' s  poor ability to sum­

mate. 

J. A longitudinal study comparing the unadulterated 

discrimination scores, filtered speech scores, and binaural 

summation scores of articulation defective and normal speak­

ing subjects in order to see if the ability to summate is 

affected by maturation and/or learning . In this ma1111er , 

more evidence may be obtained in support of the central 

mechpiism of hearing governing speech sound discrimination. 

4.  A study comparing the unadulterated discrimination 

scores, filtered speech scores, and binaural summation 

scores of subjects with known central nervous system path­

ologies in comparison to subjects with no central nervous 

system pathologies in order to assess their discrimination 

abilities under these three conditions . In this manner, 

more information can be obtained in reference to site of 

lesion in relation to speech sound discrimination problems . 



Subject Age Grade 
rl 

1.  fo 10-5 5 10 
2 .  l'vi 11-10 6 9 
J .  Nl 9-11 5 9 
4 .  M 10-5 5 9 
5. F 10-2 5 7 
6.  
? . 
8 .  
9 .  

10 . 
1 1 . 
12 . 
lJ . 
14 . 
15. 
16 . 
17 . 
18. 
19 . 
2 0 . 
21 .  
�2.  
23. 
�4. 
�5 .  
�6.  
t27 .  
�8 . 
�9 . 
�o . 

APPENDIX I 

CONTROL GROUP DISCRIMINATION SCORES 

SRT Unadulterated Unadulterated 
Discrimina- Discrimina-

L tion !::>cores tion Scores 
(List lA )  ( List 2A) 

7 601; 66�:i; 
1 62% 767; 
6 60� 66� 

10 48� 50�� 
6 56% 58% 

Filtered 
Speech 
Scores 

(List JA) 

42'1� 
56� 
461; 
44� 
48% 

. 

Binaural 
Summation 

�cores 
( List 4.". ) 

90� 
887� 
887; 
92�o 

78�� 

°' 
ex:> 
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