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Katz (1978) has suggested that mild, fluctuating conductive hearing loss due 
to middle-ear anomalies may account for  the language and attention prob- 
lems o f  learning-disabled children. His position was extended here to in- 
clude autism. Normal, learning-disabled, and autistic children received 
repeated impedance measures over 5 weeks. ,4 repeated-measures A N O  VA 
o f  central tendency and variablility values led to the conclusions that (1) 
fluctuating, negative middle-ear pressure greater than normal characterizes 
both autistic and learning-disabled children, (2) the negative pressure is 
greater in autistic than in learning-disabled children, and (3) the condition is 
typically bilateral for  autistic children. 

Several behavioral syndromes include attentional disorders as a defining 
characteristic: autism (Ornitz & Ritvo, 1976; Smith, McConnell, Walter, & 
Miller, 1985) learning disability (Battin, 1982; Routh, 1979), and hyperac- 
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tivity (Edelbrock, Costello, & Kessler, 1984; Lahey, Schaughency~ Strauss, 
& Frame, 1984). Furthermore, while King & Young (1982) and Lahey et al. 
(1984) have shown that DSM-III Attentional Deficit Disorder with and 
without hyperactivity are clearly different syndromes, Edelbrock et al. 
(1984) demonstrated that inattention is a dominant characteristic of both 
groups. 

Smith et al. (1985) reported~a severe attentional problem in 11 of  14 
autistic children, ages 6 to 16, with only the oldest of the group able to 
maintain attention, as measured by Milburn's classification of Behavioral 
States (Konieczny & Milburn, 1975; Konieczny, 1977). Furthermore, they 
reported significantly increased attention, increased signing, and reduced 
stereotypical behaviors in all except 1 of those children, coincident with use 
of augmented sound provided by an auditory trainer. 

Katz (1978) has argued that a continued mild and fluctuating conduc- 
tive hearing loss due to early and continuing middle-ear dysfunction may 
account for the attentional and language deficits of learning-disabled 
children. While there is increasing evidence of early middle-ear involvement 
in learning-disabled children (Holm & Kunze, 1969; Needleman & Menyuk, 
1977; Masters & Marsh, 1978), there is a dearth of empirical evidence on the 
incidence of serous and acute otitis media in autistic children. (Serous otitis 
media, abnormal fluid pressure in the middle ear, is detected by an im- 
pedance meter.) Gordon (1977) and Hayes and Gordon (1977) reported 
that, of 14 autistic children studied, 13 had fluctuating deafness and abnor- 
mally high acoustic reflex thresholds, while the last child had current 
middle-ear effusion (acute otitis media). Koegel and Schreibman (1976) 
have also reported fluctuating deafness in an autistic child. 

If attention is related to conductive loss, and if attention is a problem 
for autistic and learning-disabled children, then one should find evidence of 
chronic and fluctuating middle-ear pressure in both learning-disabled and 
autistic children. Furthermore, the severity of the attentional problem 
should be related to the severity of the middle-ear problem in the order 
autistic > learning-disabled > normal. 

LITERATURE 

Speech and hearing specialists are in substantial agreement on the role 
of auditory conductance in language development. Both Downs (1981) and 
Battin (1982) have expressed concern about minimal conductive hearing 
losses in young children that are secondary to chronic otitis media. Downs 
cited Skinner's analysis of speech distortion resulting from reduction in 
auditory sensitivity and from fluctuating losses due to middle-ear dysfunc- 
tion (Skinner, 1978). Numerous studies have appeared in the past 15 years 
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documenting reduced language and school achievement of otherwise nor- 
mal children with histories of recurrent serous or acute otitis media (Holm 
& Kunze, 1969; Needleman & Menyuk, 1977; Masters & Marsh, 1978). 

Whether attentional deficits may also be traced to early and chronic 
conductance disorders is at issue. Reduced capacity to respond to stimula- 
tion has been variously attributed to brain stem anomalies (Katz, 1978; see 
Ventry, 1980, for a critique), to vestibular disorders (deQuieros, 1976; see 
Keating, 1977, for a critique), and ,  more broadly, to telencephalic and/or 
brainstem and diencephalic structures (see Ornitz, 1985, for a review). 
Studies of conductance disorders may facilitate resolution of this issue. 

Conductive hearing loss may result either from current acute otitis 
media or from residual middle ear blockage ("plugs' "; Katz, 1978) due to 
long-standing Eustachian tube anomalies. Blockage is inferred from the 
presence of pressure against the tympanic membrane, detected by im- 
pedance audiometry. 

Despite the key symptom of a language deficit, both audiological and 
impedance studies of autistic children are rare. According to Koegel and 
Schreibman (1976) and to Hayes and Gordon (1977), autistic children usu- 
ally do not receive thorough hearing examinations because of their disrup- 
tive behavior. 

The present study was designed to determine, first, whether im- 
pedance measures will confirm the prediction of fluctuating conductive 
loss, and, second, whether the severity of the loss is related to the severity of 
the disorder, i.e., autistic > learning-disabled > normal. 

METHOD 

Subjects 

Subjects consisted of 50 children from three populations, as follows. 
Autistic. The autistic group comprised 8 of the 14 children described 

extensively in Smith et al. (1985) and 3 new referrals to a public 
developmental center in the Midwest. There were 8 males and 3 females, 
ranging in age from 45 months to 217 months, with a mean of 125.2 months 
(Table 1). The original group was shown to be typical of autistic children 
(Smith et al., 1985). 

Learning-Disabled. Twenty learning-disabled children were drawn 
randomly from the population of third- and fifth-grade learning-disabled 
children in the same school district as the developmental center. There were 
14 males and 6 females, ranging in age from 105 months to 150 months, 
with a mean of 124.8 months. The diagnosis of "specific learning disability" 
is defined by Michigan Special Education Rules (1980, R 340.1713 and 
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Table I. Sex and Age of Children in a Study of 
Conductive Hearing Losses 

Gender Age (months) 
Group N M F X SD 

Normal 19 9 l0 122.2 13.9 
LD a 20 14 6 124.8 13.3 
Autistic ll 8 3 125.2 60.2 

aLD = learning-disabled. 

requires "a severe discrepancy between achievement and intellectual ability" 
in defined skill areas, not attributed to sensory deficit, mental  retardation,  
emotional disturbance, or environmental ,  cultural, or economic disadvan- 
tage, and must  be determined by a multidisciplinary team, including a 
school psychologist. 

Normal. Twenty normal  children were drawn randomly f rom the same 
third- and fifth-grade classrooms as the learning-disabled children. One of  
these was found on examination to be suffering f rom acute otitis media and 
was unavailable for further testing. The 19 remaining included 9 males and 
l0 females, ranging in age f rom 84 months to 148 months,  with a mean of  
122.2 months.  

Procedure 

Impedance testing was carried out with a Teledyne Avionics impedance 
meter (TA-3D). Middle-ear compliance and pressure measurements were 
automatically recorded by an x-y plotter (Teledyne Avionics TA-3P).  With 
certain exceptions due to absences, children were tested, by certified 
audiologists, at approximately the same time of  day and on the same day of  
the week for  5 consecutive weeks or until five impedance scores were re- 
corded for  each child. There were no instances of  refusal to cooperate  and 
there was no difficulty with achieving an adequate seal in the external canal. 

The impedance meter  provides "an indirect measure of  . . . middle 
ear pressure by identifying the air pressure in the external canal at which the 
eardrum shows a peak of  max imum compliance" (Northern & Grimes, 
1978, p. 350). Middle-ear pressure values produce a curve showing change 
in sound pressure level in the ear canal as air pressure is varied f rom + 200 
m m  H 2 0  to - 300 m m  H20.  The point  o f  max imum compliance of  the tym- 
panic membrane  is that point  at which the sound pressure introduced is 
equal to the pressure exerted f rom within. Normal  pressure should be 0 • 25 
m m  H20  (Holmquist  & Miller, 1972; Feldman,  1975). Pressure values of  
- 1 0 0  H 2 0  or beyond indicate Eustachian tube malfunct ion (Feldman, 
1975, p. 371) and are considered sufficiently large for medical referral by 
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T a b l e  II. Proportion (%) of Normal and Ab- 
normal Impedance Values for Three Diag- 

nostic Groups of Children 

Impedance Group 
Values Normal LD ~ Autistic 

Normal 66 35 17 
Abnormal" 34 65 83 

*= > - 2 5  mm H2O. 
~LD = learning-disabled. 
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some investigators (Cooper, Gates, Owen, & I~icksen, 1976; McCandless & 
Thomas, 1976). Other investigators recommend - 150 mm H~O as a reason 
for close monitoring (Feldman, 1975, p. 364). 

RESULTS 

It was predicted that pressure values would differentiate normal 
children from learning-disabled children and learning-disabled from autistic 
children. It was also predicted that fluctuation in middle-ear pressure would 
be greatest for autistic followed by learning-disabled and normal children. 

As a first estimate, we determined the distribution of "abnormal" 
pressure values, i.e., values greater than 0 • 25 mm H20. Of the 250 tests 
given (5 each for 50 subjects), 107 (43~ tests fell within 0 • H20 and 
143 (5707o) fell outside that range. Table II shows the distribution of normal 
and abnormal values by group. Within the group of autistic children, 83070 
of the impedance values were greater than - 25 mm H20 while, for normal 
children, 3407o of the values were "abnormal," a ratio of 2.4 to 1.0. A similar 
comparison for learning-disabled, 65070 "abnormal," provides a ratio of 1.9 
to 1.0. Table III indicates the incidence of children by group showing mean 
"abnormal" values (of five readings). Once more, normal children 

Table IIl. Incidence of Children by Diagnostic Group 
with Abnormal Mean Impedance Values After Re- 

peated Testing 

Group 

Normal LD ~ Autistic 
Impedance 
Values N ,~% N .~% N .X% 

Normal 12 63 6 30 4 36 
Abnormal" 7 37 14 70 7 64 

~ > - 25 mm H2O. 
~LD = learning-disabled. 
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Fig. 1. Proportion of children in three diagnostic groups showing negative pressure beyond 
-25 mm H20 in neither ear, left ear only, right ear only, and both ears. Ns: autistic = 11, 
learning-disabled = 20, normal = 19. 

demonstrate  primarily normal  values (63%) while both  learning-disabled 
and autistic children show primarily "abnormal"  values (70% and 64%, 
respectively). 

Incidence by child by group was determined for  right ear, left ear, 
both  ears, and neither ear. Because of  differing Ns in the groups,  all sum- 
mary  data  were reduced to percentages. Figure 1 displays the summary  data  
by diagnostic category. 

In general, normal  children show primarily normal  values (66% within 
0 4- 25 m m  H=O), autistic children show primari ly other than normal  values 
in both ears (56%), and learning-disabled fall between these extremes. 

Next we evaluated group data.  While the impedance measure is quite 
accurate, it is sensitive to momen ta ry  changes owing to swallowing and 
other factors. To reduce the impact  o f  outliers resulting f rom such changes, 
several measures of  central tendency and of  variability were computed  with 
these data. 

Results appear  in Table IV for  both ears (B), and for  left (L) and right 
(R) ears independently. Analysis o f  variance with posthoc Scheff6 tests o f  
significance indicate differences as predicted both in central tendency and in 
variability. The negative pressure values o f  the autistic group are greater 
than those of  normals  both  at the mean (p = .001, .002, and .008, one- 
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tailed) and at the median (p = .0000, .0002, and .0004). The autistic group 
values are also greater than those of the learning-disabled group at the me- 
dian (p = .007, .028, and .014), though not at the mean. And learning- 
disabled values are greater than those of normals both at the mean (p = 
.014, .020, and .033) and at the median (p = .032 and .018) except for the 
right ear. 

Differences in pressure fluctuation may be estimated from three 
measures of variablility, the interquartile range, absolute range, and stan- 
dard deviation. Autistic group values are greater than those of normals as 
estimated from the interquartile range (p = .012, .003, and .007). Learning- 
disabled values are also greater than normal by this criterion except for the 
right ear (p = .007, .009, and .099). However, learning-disabled and 
autistic groups do not differ in fluctuation. The other measures of variabil- 
ity, range and standard deviation, show only two differences, between 
autistic and normal on range for the left ear (p = .019) and between learn- 
ing-disabled and normal in standard deviation for the left ear, at a marginal 
level (p = .055). The right ear-left ear differentials suggested that we 
should analyze our data further. Product-moment correlations were com- 
puted to test for independence of pressure values by right and left ears. 
Results, shown in Table V, indicated that right and left ear pressure values 
are significantly related for all three groups. However, the r value for the 
autistic group (.661) is significantly higher than those of the learning- 
disabled (.405) and normal (.468) groups (p = .02 and .05, respectively). 

DISCUSSION 

Conductive hearing losses due to middle ear anomalies, especially to 
chronic serous otitis media, may produce auditory deprivation with two 
kinds of effects: (1) direct, loss of  high-frequency phonemes (e.g., v, p, b, 
th), and (2) indirect, reduced stimulation of the auditory nerve. Katz (1978) 
has argued that the direct effect will result in variable distortion of language 
input and thus lead to some deficiencies in language. The indirect effect, by 
way of reduced stimulation of the brainstem, could lead to faulty cell 
development and thereby impair innervation of the cortex, leading to atten- 
tional deficits. The postulated indirect effect remains at issue. 

However, Smith et al. (1985) found increased attentiveness and re- 
duced sterotypic behaviors in autistic children coincident with increased 
auditory stimulation, and the elevated acoustic reflex thresholds of autistic 
children reported by Haynes and Gordon (1977) both suggest some relation- 
ship between conductance loss and attention. 

If such a relationship obtains, one should find evidence of chronic and 
fluctuating middle-ear pressure in both learning-disabled and autistic 
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children. Furthermore, the severity of the attentional problem should be 
related to the severity of the middie-ear problem in the order autistic > 
learning-disabled > normal. 

Such evidence is reported here. Repeated impedance testing of 50 
children representing autistic, learning-disabled, and normal children 
showed autistic children to have elevated negative pressure (X = -50  mm 
H20) for both ears taken together, normals to have slight pressure (.~ = 
-23  mm H20, within the normal range of 0 4- 25 mm H20), and learning- 
disabled to be midway between those values (X = -37.7 mm H20). With 
certain interesting exceptions, both measures of central tendency, mean and 
median, showed the predicted differences. One exception was the difference 
between autistic and learning-disabled: The difference at the mean was only 
marginally significant (both ears, p = . 102) while the difference at the me- 
dian was significant (p = .007). 

Of three measures of variability (representing the postulated dif- 
ferences in fluctuation), the interquartile range showed both autistic and 
learning-disabled to differ from normals but not from each other. The stan- 
dard deviation did not reliably differentiate the groups. 

Correlation data provided two findings: (1) a strong tendency ( r  = 

.661) among autistic children for involvement of both ears, and (2) no dif- 
ference between normals and learning-disabled in the tendency for pressure 
in one ear to be predictive of pressure in the other ear. It is also of interest 
that the median and interquartile range were the more sensitive measures of 
central tendency and variability, suggesting that, as a diagnostic indicator, 
the range  of values from repeated testings may be more useful than the 
m e a n  value. Furthermore, it seems apparent from the data displayed in 
Figure 1 as well as from the ANOVA findings that autism tends to be a 
binaural phenomenon while learning disability tends to be a monaural 
phenomenon. 

Finally, it is notable that the condition studied is serous otitis media 
rather than acute otitis media. The one potential subject identified in the 
acute (infected) stage was in the sample of normal children. No subject in 
the learning-disabled or autistic samples was so identified. 

CRITIQUE 

With the possible exception of Hayes and Gordon (1977), there ap- 
pears to be no related study in the autism literature with which these find- 
ings may be compared. In fact, repeated measures of impedance as a 
method of assessment has not, to our knowledge, been reported. 

Potential sources of error should be pointed out. Those include (1) 
identification of subjects, (2) possible measurement error in the impedance 
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Table V. Relationship Between Repeated 
Impedance Values for Right Ear versus Left 
Ear for Autistic, Learning-Disabled, and 

Normal Children 
Group n r t p 

Normal 19 .468 5.10 .0000 
LD 20 .405 4.37 .0000 
Autistic ! 1 .661 6.42 .0000 
Autistic vs 

normal 1.65 .05 
Autistic vs 

LD 2.13 .02 
LD vs. 

normal .55 n.s. 

meter, (3) interpretation of  impedance values, (4) possible influence of  age 
differences, and (5) the tendency to infer causation. 

1. We defined autistic childi:en in a prior study (Smith et al., 1985) by 
accepting the criteria of  a central diagnostic team followed by use of  an in- 
strument developed by Krug, Arick, and Almond (1980), the ASIEP scale. 
While there appears to be agreement on some of  the behavioral symptoms 
of  learning disability, there is wide variation in their use for  labeling pur- 
poses both across and within states (Shepard, Smith, & Vojir, 1983). In the 
present study, we accepted the judgment of  the local school district, based 
upon state rules. However, learning-disabled subjects defined by other 
criteria might well yield data differing from ours. 

2. and 3. As mentioned earlier, there are substantial differences in in- 
terpretation o f  impedance values among investigators and, probably, even 
more among practitioners. The audiologist who refers a child to a physician 
on the basis of  repeated readings of  - 2 0 0  mm H20 may well be overruled 
by the physician who uses a visual examination only. While a visual ex- 
amination may be sufficient to detect acu te  otitis media, impedance testing 
is usually necessary for detecting s e r o u s  otitis media (Ginsberg & White, 
1978). The audiologist may hesitate to refer a child unless the impedance 
value is extreme. Problems such as this reflect the immaturi ty of  this area of  
study and will be remedied only with experience. 

4. It may be noted from Table I that, while mean age of  the groups is 
equivalent, the standard deviation of  the autistic group is four times that of  
the other groups. Since age differences in middle-ear pressure may exist, we 
determined the relationship between median pressure values and age. The r 
of  - . 0 1  is not  significant. 

5. Finally, it must be pointed out that an hypothesis o f  a relationship 
between conductance loss and certain behavior disorders does not imply 
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causality. While the two variables appear  to be related, explanations other 
than causal abound:  (a) Both may  be caused by a third variable such as 
neural anomalies or chronic poor  health; (b) inattention may  be a side effect 
o f  the pain coincident with otitis media; (c) inattention may  be a learned 
behavior,  with the strength enhanced by chronic conductance loss. 

However ,  we conclude that  the potential  sources of  error discussed 
here do not  seriously endanger the validity of  the findings per se. 

C O N C L U S I O N S  

The following conclusions appear  to be justified for  the samples 
studied: 

1. Both negative pressure and fluctuations in pressure in the middle 
ear greater than normal  are typical o f  both  autistic and learning- 
disabled children. 

2. The negative pressure condition is more  extreme for  autistic 
children than for  learning-disabled and is typically bilateral. 

3. Learning-disabled children are differentiated f rom autistic children 
by degree of  pressure and by single rather than bilateral involve- 
ment,  but not by the degree of  pressure fluctuation. 

On the basis o f  the evidence presented here, we suggest that  chronic 
conductive hearing loss in children with language and attentional disorders 
is a fruitful area of  study and that  the method of  repeated impedance testing 
is an appropr ia te  measure.  
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