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ABSTRACT 

Although the need for intact hearing to develop 

communication, and for early detection of hearing loss to 

minimize its adverse effects, is well documented and is 

addressed by school screening programs in the United States, 

in Mexico hearing screening programs are practically 

nonexistent and the prevalence of hearing loss among school

age children is unknown. 

This study was primarily conducted to determine the 

prevalence of middle ear pathology and to assess the hearing 

status of 590 first grade public school children in school 

zone 34 in Queretaro, Mexico. A secondary purpose was to 

develop a hearing conservation model for public school-age 

children in Mexico. The children screened included 298 

females and 292 males of middle low, and low socioeconomic 

status, with an average age of 6.5 years (range 5 - 12). 

ASHA's 1985/1990 guidelines for hearing screening were 

followed to implement the screening process that included 

visual inspection, acoustic immittance measures and 

identification audiometry. A Type A tympanogram with 

measures within a +50 and -200 daPa range for middle ear 

pressure, 0.4 to 1.4 ml range for static admittance, 0.4 to 

1.5 ml range for equivalent ear canal volume and acoustic 



reflex present was considered normal for immittance 

screening. The cutoff criterion for responses to pure-tone 

stimuli at 1,000, 2,000 and 4,000 Hz was set at 20 dB HL. 

11 

Results indicate that on visual inspection excessive 

dark colored cerumen was observed in 108 (9.2%) screened 

ears affecting 86 (14.6%) screened children in at least one 

ear. On immittance and pure tone screening 349 (59.2%) 

children had all measures within normal limits; 139 (23.6%) 

children failed one immittance measure only; 52 (8.8%) 

failed immittance screening; 9 (1.5%) failed pure-tone 

screening and 41 (6.9%) failed both immittance and pure-tone 

screening. A description of the hearing conservation program 

that was developed is included. 

Most findings are consistent with data reported in 

other studies, however the number of children with mild to 

moderate sensorineural hearing losses is below that expected 

from the literature. Replication of this study in other 

Mexican populations, follow up research on the impact of 

early detection, and the short and long term impact of the 

hearing conservation program implemented for school-age 

children from zone 34 is recommended. 
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CHAPTER 1 

STATEMENT OF THE PROBLEM 
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The adverse effects of an undetected mild to moderate, 

bilateral sensorineural hearing 1055 on linguistic, 

cognitive and academic development in children have been 

fully recognized. Similar effects have also been documented 

among children with a unilateral sensorineural hearing 1055, 

a bilateral high frequency hearing 1055, or a conductive 

hearing 1055 caused by recurrent and chronic middle ear 

pathology (Blair, Peterson & Viehweg, 1985; Brandes & 

Ehinger, 1981; Brookhouser, Worthington & Kelly, 1991; 

Crandell, 1993; Culbertson & Gilbert, 1986; Davis, 

Elfenbein, Schum & Bentler, 1981; Downs, 1988; Elfenbein, 

Hardin-Jones & Davis, 1994; Gartner, Trehub & Mackay-Soroka, 

1993; Gravel & Wallace, 1995; Matkin, 1988; Oyler, Oyler & 

Matkin, 1988; Zinkus & Gottlieb, 1980). 

A hearing 1055 is a hidden impairment, one that is 

rarely evident at first glance (Northern & Downs, 1991). A 

close relationship between the magnitude of 1055 and the 

average age at which a hearing 1055 is detected has been 

established. Milder problems are the latest to be identified 

(Kile, 1993; Lopez, Lopez & Luna, 1988; Matkin, 1988). 
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However, early identification of a mild to moderate 

hearing loss, followed by early and appropriate intervention 

is of utmost importance in minimizing later adverse effects. 

In order to identify all children who have a mild to 

moderate hearing loss by their first year of elementary 

school, auditory screening has been implemented for school 

age children throughout the United states. Children who fail 

the screening are referred for complete audiologic 

assessment and medical attention (Bright & Roush, 1988). 

When a significant permanent hearing loss is confirmed, 

referral for educational intervention follows. Special 

support services are subsequently provided in the school, as 

needed. 

In Mexico, ignorance about the importance of normal 

hearing for general development is prevalent. Most children 

who have a severe to profound hearing loss receive special 

attention only after the adverse effects on speech and 

language development become evident and/or when there is an 

obvious lack of response even to loud sounds (Lopez et al., 

1988). General physicians are not trained to detect middle 

ear pathology and many children with acute otitis media are 

treated only after complications arise (Arriaga et al., 

1990). School and health personnel are not aware of the 
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negative effects that a mild to moderate hearing loss can 

have on the child's language, cognitive, social and 

emotional development and academic performance nor of the 

health hazard inflicted by chronic middle ear pathology. 

Hearing is seldom assessed when a child fails in school and 

the prevalence of hearing loss among school age children is 

unknown. Fernandez, Diaz and Contreras (1991) assert that 

attention to hearing is practically nonexistent in 

developing countries. 

The lack of attention to middle ear pathology and 

hearing loss among school children in Mexico motivated this 

study. The primary purpose of this study was to document the 

hearing status of all children who were attending first 

grade in one typical public school district on the outskirts 

of a middle size city in Mexico. A secondary purpose was to 

demonstrate the need for screening programs for elementary 

school children and to propose a model hearing conservation 

program for a country such as Mexico. The rationale for 

hearing conservation, theoretical framework for screening, 

and research problems regarding auditory screening are 

discussed in this chapter. 
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Rationale 

In the United states, hearing screening has been 

implemented in public schools for over 60 years. It is 

currently mandated by law in most states of the American 

union (Northern & Downs, 1991). Stach (1992) defines 

screening as "the application of rapid and simple tests to a 

large population . . . of individuals who are undiagnosed 

and typically asymptomatic . . . (to) identify those who 

require additional diagnostic procedures" (pp. 61-62). 

The purpose of hearing screening in school age children 

is to identify those children who are at risk for an 

educationally significant hearing loss. A task force from 

the Colorado Department of Education 1991 (cited in 

Montgomery & Matkin, 1992, p. 478) has suggested that any 

one of the following conditions defines "educationally 

significant" hearing loss: 

1. An average pure tone hearing loss in the speech 

range (500-2000 Hz) of 20 dB HL or greater in the 

better ear, which is not reversible within a 

reasonable period of time. 

2. An average high frequency, pure tone hearing loss 

of 35 dB HL or greater in the better ear at two or 

more of the following frequencies: 2,000, 3,000, 
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4,000 Hz and 6,000 Hz. 

3. A permanent unilateral hearing loss of 35 dB HL or 

greater in the speech range (500-2,000 Hz). 

4. Any hearing impairment that significantly affects 

communication with others and where the individual 

requires supplemental assistance or modification 

of instructional methods in order to achieve 

optimum performance. Cases in this later category 

might include the child with a fluctuating hearing 

loss and the hearing impaired child with 

developmental delay. 

Gravel et ale (1995) assert that for many school-age 

children a school screening may be the first opportunity to 

have a hearing loss and/or middle ear pathology identified. 

These authors, as well as Matkin (1988), state that in many 

school programs the failure model prevails. Students must 

fail to develop age appropriate communication skills or to 

achieve academically before their hearing problem is 

recognized. Thus these authors emphasize the importance of 

screening and the development of appropriate tools and 

models to identify hearing disability among school-age 

children. 
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Mexico has a population of approximately 91,600,000 

inhabitants; 23,358,000 or roughly 25% are under 12 years of 

age ("lCuantos somos ... ," 1995). Only 10% of the population 

has earnings over 10 times minimal salary, equivalent 

roughly to $ 800 US dollars per month, although a few 

families are extremely wealthy. Of the total population, 30% 

lives in "absolute poverty". ("Pais de contrastes," 1995). 

Neglect of diverse aspects related to the population's 

general well-being has resulted; hearing is one of them. 

Children's hearing status has received little attention from 

health professionals and educators in Mexico (Arriaga et 

al., 1990; Fernandez et al., 1991; Lopez, et al., 1988; 

Pescador-Osuna, 1994). Literature in Spanish about the 

negative effects of mild to moderate hearing losses in 

children is nonexistent. It is a common belief that hearing 

is either normal or severely impaired. The possible presence 

of a mild to moderate hearing loss in an apparently "normal" 

child is often not even considered. Hearing status is 

assessed only when a severe to profound hearing loss is 

suspected. Personnel from Instituto Nacional de la 

Comunicacion Humana (INCH), the state institution for 

hearing and communication problems, continue to promote the 

misinformation that mild to moderate hearing losses have no 
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effects on a child's development, learning or academic 

performance, and therefore need no special attention (Reyes, 

Martinez, Badillo, Lopez, & Monte-Mayor, 1995). 

Audiology in general, and auditory testing in 

particular, is practiced by physicians who are usually 

unaware of the importance of optimal hearing for a child's 

language acquisition, cognitive development, emotional 

adjustment and academic performance (Lopez, et al., 1988). 

Children with middle ear pathology have little access to 

adequate medical intervention and the illness is often 

treated only after it has turned into a more severe health 

problem (Arriaga et al. 1990). 

All Mexican children have a legal right to free public 

education. Age is the only admission requirement established 

by the Mexican Ministry of Public Education (Secretaria de 

Educacion Publica [SEP], 1993). All children have to be six 

years old prior to the start of the school year to have a 

right to be admitted to the first grade unless a severe 

disabling condition is evident. Even though integration is 

one of the goals stated in the new General Law of Education 

(SEP, 1993), its implementation is only beginning. As a 

result, the majority of children who have significant 

disabilities are cared for at home. Special education has 
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been available for only 10% of the children who need special 

services (Pescador-Osuna, 1994). 

The educational outcome for children in regular schools 

has been rather poor throughout the Mexican nation. Academic 

failures and school dropouts are prevalent, and recognized 

by the SEP as the two most important educational problems in 

the country. In the 1989/90, academic year 5% of the 

children enrolled in elementary school at the beginning of 

the school year dropped out, and 10% were not promoted to 

the next grade at the end of the year. Of those who enrolled 

in high school that same year, only 47% went on to the next 

grade. As on average, Mexicans have only 4 years of 

elementary schooling. While in some of the northern states 

of the Mexican Republic the average reaches 6.5 years of 

schooling, it reaches only 1 year in some of the southern 

states (Instituto Nacional de Estadistica, Geografia e 

Informatica [INEGI], 1991). Figures given by SEP at the end 

of the 1993/94 academic year indicate that 4.5 million 

students, or roughly 16% of those attending school, failed 

and were not promoted to the next grade. Only 62% of the 

children who enter elementary school ever graduate (Diaz-de

Leon, 1995). 
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No serious assessment of the educational system and the 

causes of school failure has taken place; blame is either 

placed on the curriculum and poor teaching (Sandoval-Flores, 

1992) or on maturity factors, learning disabilities, 

intellectual deficits and/or behavior disorders (Gomez

Palacio, Guajardo, Cardenas & Maldonado, 1983). Hearing 

impairment is seldom considered as one of the possible 

factors that might be related to a child's poor academic 

performance. Systematic auditory screening programs in 

schools do not exist and the general hearing status of 

children who attend elementary public schools in Mexico is 

unknown (Fernandez et al., 1991) 

Theoretical Framework 

In ancient times it was observed that children who did 

not hear did not speak. Centuries later the causal 

relationship between the capacity to perceive auditory 

stimuli and to develop speech and language was understood 

(Davis & Silverman, 1978). However the negative effects of 

mild to moderate hearing losses were not recognized until 

much later. Myklebust's writings illustrate very 

appropriately the state of the art in the middle of the 20th 

century. In 1954, Myklebust wrote: "language is part of 

symbolic behavior . . . essentially unique to human beings" 
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(p. 10), and pointed out the importance of hearing integrity 

for speech and language development. Ten years later 

Myklebust (1964) stated: "A sensory deprivation limits the 

world of experience" (p. 1), and emphasized that the degree 

of hearing loss and the age at which it is obtained are 

among the factors that influence the extent and nature of 

the "shift" undergone in a child's development. This author 

further asserted the following: 

It is not a simple task to define the minimum limits of 

a significant hearing loss . . . the Committee on the 

Conservation of Hearing for the American Medical 

Association has recommended that an individual who has 

a twenty decibel loss at two frequencies should be 

referred to a physician for examination and treatment. 

Although this practice is important in conservation, 

such an individual should not be viewed as having a 

significant loss of hearing from any other point of 

view . . . he is not in need of special education, 

speech development, and he does not present problems of 

learning and adjustment. His degree of deafness is not 

sufficient to interfere with personal or social well 

being. (pp. 7-8). 
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The special needs of children with milder types of 

hearing losses were ignored and overlooked for a long time 

(Roeser & Downs, 1988). In 1981, Davis, Shepard, 

Stelmachowicz and Gorga reported that in Iowa public 

schools, in the files of 1,250 children who had hearing 

losses, scarce psychoeducational data were available on 

those children whose hearing losses were mild to moderate. 

They also observed that children with bilateral hearing 

losses that did not exceed 50 dB HL, and those with 

conductive or high frequency sensorineural hearing losses 

rarely received educational support services. In 1986, Bess 

stated that "children with minimal bilateral sensorineural 

hearing loss might be experiencing greater difficulty than 

what we had previously thought" (p. 2). The 1993 guidelines 

of the American Speech-Language-Hearing Association (ASHA) 

state that "the potential negative impact of mild, 

fluctuating, and unilateral losses in children is greater 

than was recognized in the past" (p. 25). 

Today research has confirmed that even minimal hearing 

losses can have detrimental effects on speech and language 

acquisition. Subsequently, social, emotional and academic 

development, which depend heavily on language skills, may be 

negatively impacted. Northern & Downs (1991) summarize that 



"hearing loss in children is a silent, hidden handicap . 

(which) if undetected and untreated . . . can lead to 

delayed speech and language development, social and 

emotional problems and academic failure" (p. 2). 
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The relationships between mild to moderate hearing 

losses, and difficulties in speech/language development, and 

poor academic performance and failure, have been well 

documented by many researchers (Davis, et ale 1986; 

Elfenbein et ale 1994; Matkin, 1986; Northern & Downs, 1991; 

Paul & Quigley, 1987; Roeser & Downs, 1988; Roush, 1992). 

Bilateral sensorineural hearing losses as mild as 15 to 26 

dB HL have been correlated to academic lags of at least one 

year (Quigley, 1978), and children with a PTA of 40 dB HL 

have been found to have severe discrepancies between 

linguistic and metalinguistic skills even when no obvious 

difficulties can be perceived in their oral language 

(Gartner et ale 1993). Many children who have unilateral 

hearing losses fail in school and/or require special 

educational services (Bess & Tharpe, 1986; Brookhouser et 

ale 1991; Culbertson & Gilbert, 1986; Oyler et ale 1988), 

and the detrimental effects of high frequency hearing losses 

have also been acknowledged (Matkin, 1968; Roeser & Downs, 

1988). Delays in the development of complex syntactic 
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structures and in the acquisition of pragmatic language 

rules have also been documented (Berg, 1986; Davis et ale 

1986; Elfenbein et ale 1994). Crandell (1993) points out the 

relationship between the difficult listening conditions that 

children who have even minimal hearing losses encounter in 

regular classrooms, and some of their educational and social 

problems. 

Conductive hearing losses have also been correlated 

with language, cognitive and academic difficulties. 

Diminished auditory sensitivity resulting from chronic 

middle ear pathology has been related to delay in speech and 

language development (Chalmers, Steward, Silva & Mulvena, 

1989; Lehmann, Charron, Kummer & Keith, 1979; Menyuk, 1980; 

Teele et aI, 1990; Wallace, Gravel, McCarton & Ruben, 1988). 

to inappropriate phonological development (Eimas & Clarkson, 

1986) to inadequate auditory perception and processing 

(Brandes & Ehinger, 1981 ; Gottlieb, Zinkus, & Thompson, 

1979; Moore, Hutchings & Meyer, 1991; Zinkus & Gottlieb, 

1980), to inappropriate phonetic categorization (Groenen, 

Crul, Maassen & van Bon, 1996), to difficulties in attending 

to speech in noise (Schilder, Snik, Straatman & van den 

Broek, 1994), to attention deficits (Feagans, Sanyal, 

Henderson, Collier & Appelbaum, 1987), to low academic 



achievement (Friel-Patti & Finitzo-Hieber, 1990; Kaplan, 

Fleshman, Bender, Baum & Clark, 1973; Sak & Ruben, 1982; 

Teele et aI, 1990; Zinkus & Gottlieb, 1980), to learning 

disabilities (Kirkwood & Kirkwood 1983; Reichman & Healey, 

1983) and to behavior problems (Silva, Kirkland, Simpson, 

Stewart & Williams, 1982). 
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It is clear that a mild to moderate hearing loss can 

result in significant learning problems but that such 

problems can be minimized with appropriate intervention. 

Crucial to intervention is the early identification of the 

hearing loss. While children with severe to profound losses 

are often identified due to their significant and obvious 

delay in communication, children with milder degrees of 

hearing losses may only be identified with effective school 

screening programs. 

In the United States, 16 out of every 1,000 school 

children have hearing losses between 26 and 70 dB in the 

better ear. There is evidence suggesting that the actual 

prevalence of educationally significant hearing losses may 

be as high as 30 per 1000, if children with unilateral 

hearing losses and those with thresholds between 15 and 25 

dB HL are included (Ross, Brackett & Maxon, 1991). 
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In Mexico, figures on prevalence of hearing loss have 

been inferred from international reports. Demographic 

studies have been scarce. The National Registry of Invalids 

of 1980 (cited in Fernandez et al., 1991, p. 252) reported 

the existence of 1,247 hard of hearing and 1,058 deaf 

individuals. Lopez et al. (1988) assert that the real number 

of children who have a hearing loss is unknown. Gomez

Palacio (1994) points out that if figures provided by the 

World Health Organization (WHO) are extrapolated to the 

Mexican population, 1,728,455 children in Mexico, between 

the ages of 5 and 12 years have some disabling condition; of 

these 3,802 (0.22%) are hard of hearing or deaf. No 

definitions or cutoff criteria to describe hard of hearing 

or deaf are given. Pescador-Osuna (1994) states that 2.5 

million children probably require special education in 

Mexico, yet special educational services are available only 

for 10% of them. 

statement of the Problem 

In Mexico, no hearing screening programs for children 

exist (Fernandez, et al., 1991) and it is common belief that 

if a child responds to sounds such as a hand clap, or 

his/her name called at a distance of 6 feet, the presence of 

a hearing loss can be ruled out. The paucity of knowledge 



regarding the status of hearing among Mexican children who 

attend public schools, and the lack of awareness of the 

importance optimal hearing has for speech/language 

acquisition, for cognitive development, for emotional 

adjustment and for academic performance motivated the 

present demographic study. 
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One purpose of this investigation was to determine the 

prevalence of middle ear pathology and to assess the hearing 

status of a group of young Mexican children. A second 

purpose was to propose a hearing conservation model for 

public school age children in a country such as Mexico. 

The specific questions which guided this study were: 

1. What was the general condition of the children's 

ears as determined by visual and otoscopic 

inspection? 

2. What proportion of children failed immittance 

screening only? 

3. What are the characteristics of immittance 

findings of those children who failed immittance 

screening? 

4. What proportion of children failed pure-tone 

screening only? 

5. What proportion of children failed both 
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irnmittance and pure-tone screening? 

6. What are the components of a hearing conservation 

model for first grade elementary school children 

who attend public schools in Mexico? 

The 590 first grade school children attending 18 

classrooms in the 13 public schools of school zone 34, in 

Queretaro, Mexico, were selected for this study. Most of 

these children are from middle low and low socioeconomic 

status, representative of the majority of people of Mexico. 

It is expected that the findings reported in this study 

will promote an awareness of the importance of optimal 

hearing status for children's synchronous development and 

appropriate academic performance. It is also expected to 

draw attention to the need to consider ear pathology and 

mild to moderate hearing losses as factors that may be 

contributing to the academic failure and school dropout that 

are prevalent in Mexico. Finally it is expected that the 

hearing conservation program here proposed will serve as a 

model for hearing conservation programs that will eventually 

spread throughout the Mexican nation. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

The review of the literature presented in this chapter 

begins with the prevalence of hearing problems in children 

who attend regular schools, the impact of milder hearing 

losses on child development, and definitions and purpose of 

hearing screening. A historical overview of hearing 

screening then follows. Irnrnittance measurement procedures 

and special related issues, as well as pure-tone screening 

procedures and related issues are presented next. Finally 

hearing conservation and some important issues as they 

relate to a hearing conservation program in a third world 

country conclude this chapter. 

Prevalence of Hearing Problems 

in School-age Children 

The exact number of American children who have a 

hearing loss and/or middle ear pathology is unknown. Many 

factors influence prevalence figures. These include 

definitions of hearing loss and of middle ear pathology, 

cutoff criteria used to establish the presence of middle ear 

pathology and of hearing loss, ages, gender and race of 

studied populations, testing procedures and equipment, 

tester experience, acoustic conditions of testing 
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environment, characteristics of screened populations and 

seasonal influences, among others (Bright & Roush, 1988). 

Therefore there is great variation in prevalence figures. 

Bright and Roush (1988) point out that the prevalence of 

hearing loss figures given in different reports range from 

3.5% to 26.7%. Ross et ale (1991) stress that, as the 

Table 1 

Prevalence figures of hearing loss reported by different 

authors 

Authors N Ages or 
& year studied grades 

Freqs. 
& cutoff 

Type & degree 
of hearing loss 

Eagles 
et ale 
1963 

Hull 
et ale 
1971 

Sarff 
1981 

Berg 
1986 

ASHA 
Ad Hoc 
Cornm. 
1993 

38,884 

601 

38,568 

5 to 10 
years 

1 to 12 
grade 

children 

school-age 
children 

o to 18 
years 

level 

none 
provided 

0.5-4 K 
25 dB 

0.25-8 K 
10 dB 

11 dB 

25 dB 

1.7% some 
hearing loss 

1.9% unilateral 
0.7% bilateral 
4.1% high freq. 

33% failed 
screening 

18.8% slight 
1.8% mild 
0.5% moderate 
to profound 

5% some 
hearing loss 
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reference cutoff intensity criterion in dB HL decreases, the 

number of children identified as having a hearing loss 

increases. Also the number of frequencies considered 

influences the results. Table 1 provides an example of the 

variation in prevalence figures reported by different 

authors. Some of the studies do not give information about 

intensity cutoff criteria used to establish the presence of 

a hearing loss (Eagles, Wishik, Doerfler, Melnick and 

Levine, 1963). The results from Sarff (1981) were obtained 

using as failure criteria the lack of responses to 6 out of 

every 14 stimuli presented in either ear. The most extensive 

research was completed during a National Speech and Hearing 

Survey completed during the 1968-69 school year, by Hull, 

Mielke, Timmons and Willeford (1971) who studied students 

from 100 different sampling points throughout the United 

states. Lundeen (1991) believes that the results of this 

National Speech and Hearing Survey should be considered 

credible because the figures were obtained on a large 

population of children, with well calibrated audiometers and 

carefully controlled procedures. Berg (1986) reported data 

obtained in mobile testing units by audiologists working at 

Colorado State University and found that the most frequent 

cause of hearing loss was middle ear pathology. 
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Figures provided by the Ad Hoc Committee on Service 

Delivery in the Schools (ASHA, 1993) indicate that the 

prevalence of hearing loss in children ages 0 to 18 years, 

in the United States, can be as high as 5%. Included in this 

5% are children who have a sensorineural hearing loss, and 

those who have a conductive hearing loss with responses at 

Table 2 

Prevalence figures relative to external and middle ear 

conditions given by different authors 

Authors N Ages Type of Type of 
& year included observation condition 

Jordan & 4,067 5 to 14 otoscopy 6% bilat. abn. 
Eagles years 12% unilat. abn. 

1961 13% excess wax 

Lous & 387 7 years immittance 31% incidence 
Fiellau-N of otitis media 

1981 in 12 months 

Pang- 172 4 years various 15% otitis media 
Ching screening & hearing loss 
et al. tests on initial 
1995 screening 

Downs 7 to 8 Lit. 4% serous otitis 
1988 years review media 

Northern up to 11 Lit. 15% serous otitis 
& Downs years review media 

1991 
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an intensity level greater than 25 dB. The authors add that 

"there are many more children who have minimal or 

fluctuating hearing losses due to otitis media" (p. 25). 

There is also great variation in prevalence figures 

relative to otitis media and diverse external and middle ear 

conditions. Table 2 presents some figures taken from 

different reports. 

Pang-Ching, Robb, Heath and Takumi (1995) followed 

their subjects during the 1990-91 school year. They observed 

that on six serial screenings throughout the school year an 

average of 31% of children failed either pure-tone 

audiometry, tympanometry or both each time. Yet 53 (31% of 

the followed) children never failed pure-tone screening and 

38 (22%) never failed immittance screening during the year. 

The 387 randomly selected subjects studied by Lous and 

Fiellau-Nikolajsen (1981) in Denmark received monthly 

immittance testing over a 12 month period. These authors 

observed a 31% incidence of middle ear pathology in this 

group, during the year. According to some observers, about 

4% of children ages 7 to 8 years have serous otitis media 

(Downs, 1988); others claim a prevalence of serous otitis 

media of up to 15% in children as old as 11 years (Northern 

& Downs, 1991). 
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Northern and Downs (1991) report that in several 

studies relationships between middle ear pathology, hearing 

loss, and age, have been established. Zinkus and Gottlieb 

(1980) assert that the highest incidence of otitis media 

occurs in children before they enter elementary school. 

According to Kessner, Snow and Singer (1974), the rate of 

ear pathology peaks at age 2 years reaching 30%, and 

declines by age 11 years to a 15% rate. Shepard, Davis, 

Gorga and Stelmachowicz (1981) report that in a randomly 

selected sample of 1250 hearing impaired children attending 

preschool to grade 12 in public schools in Iowa, the highest 

incidence of conductive hearing losses were found in grades 

one and two. They defined conductive hearing loss "by the 

existence of normal hearing by bone conduction and air-bone 

gaps greater than 10 Db" (p. 124). Shepard et ale also found 

that while middle ear pathology steadily decreased as 

children got older, the incidence of high frequency hearing 

loss steadily increased as children got older, peaking at 

close to 15% in grade 11. High frequency hearing loss was 

defined by these authors as thresholds greater than 25 dB HL 

at 4,000 Hz and/or 6,000 Hz only. 

Newby and Popelka (1985) explain that the higher 

prevalence of auditory problems in the primary grades is 
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related to the higher incidence of upper respiratory health 

problems in younger children. A seasonal factor is thought 

to influence incidence and prevalence of middle ear 

pathology. otitis media seems to be more frequent during the 

winter months than in the summer months (Casselbrant et al., 

1985; Martin, 1991). Other factors have also been related to 

incidence and prevalence figures. Diverse studies report 

that males tend to outnumber females in both middle ear 

pathology and hearing loss (Leske, 1981; Martin, 1991; 

Shepard et al., 1981). Racial differences have also been 

reported. There seems to be higher incidence and prevalence 

of otitis media in Native American and in Hispanic children, 

lower in Caucasian children and the lowest in African

American children (Martin, 1881). Also children from lower 

socioeconomic status groups have higher incidence and 

prevalence of middle ear pathology (Feagans, Blood, & 

Tubman, 1988). 

To summarize, figures related to hearing loss and 

middle ear pathology vary from study to study. The members 

of the Ad Hoc Committee on Service Delivery in the Schools 

(ASHA, 1993) state that for every child with a severe to 

profound sensorineural hearing loss there are seven who have 

mild to moderate bilateral losses, and 16 to 19 who have a 
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unilateral hearing loss. Included in these figures are 

children who have a hearing loss of 25 dB HL or greater due 

to middle ear pathology. 

Impact of Mild Hearing Losses 

on Child Development 

The need of an intact auditory system for language 

acquisition, and cognitive, social and emotional development 

has been well documented (ASHA, 1993; Matkin, 1986; Northern 

& Downs, 1991). It has been only recently that the 

difficulties encountered by children who have milder hearing 

losses have been recognized (Roeser & Downs, 1988). In 1964 

Myklebust stated that children with a 20 dB loss at two 

frequencies had no difficulty with speech and language 

development and learning, and were in no need of special 

education. Davis et ale (1981) reported that in Iowa public 

schools, in the files of 1,250 children who had hearing 

losses, scarce psychoeducational data were available on 

those children whose hearing losses were mild to moderate. 

They also observed that children with bilateral hearing 

losses that did not exceed 50 dB HL, and those with 

conductive or high frequency sensorineural hearing losses 

rarely received educational support services. 
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In 1986, Bess stated that "children with minimal 

bilateral sensorineural hearing loss might be experiencing 

greater difficulty than what we had previously thought" (p. 

2). The 1993 ASHA's guidelines state that "the potential 

negative impact of mild, fluctuating, and unilateral losses 

in children is greater than was recognized in the past" (p. 

25). Berg (1986) asserted that children with milder hearing 

losses present "a bewildering complexity of problems . . . 

(that) encompass listening, speech, language, cognition, 

academics, emotions, and social relations, parental and 

societal reactions, and vocational performance" (p. 5). 

The Ad Hoc Committee on Service Delivery in the Schools 

lists in ASHA's 1993 guidelines a diversity of problems with 

language development encountered by children with mild to 

moderate hearing losses. These children acquire vocabulary 

at a slower pace, and have difficulty learning abstract 

words and multiple meanings. They frequently have difficulty 

hearing final "s" and "ed", and therefore show confusion 

with plurals, possessives, and some verb tenses. These 

children understand and use sentences with simple structures 

but often misunderstand complex sentences. Due to delays in 

language development they also have difficulty with reading, 

and other academic subjects. Children with mild to moderate 



hearing losses miss much of the auditory information 

generated in their environment. Therefore they fall behind 

in school learning and the gap between them and their 

normally hearing peers increases as content of school 

subjects becomes more complex and abstract. Because their 

language for social interaction is often affected these 

children may also face social rejection and isolation. 
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The relationships between mild to moderate hearing 

losses, and difficulties in speech/language development, in 

syntactic and pragmatic rule acquisition, and in development 

of appropriate metalinguistic skills have been reported by 

many researchers (Davis et ale 1986; Elfenbein et ale 1994; 

Friel-Patti & Finitzo-Hieber, 1990; Gartner et ale 1993; 

Matkin, 1986; Menyuk, 1980; Northern & Downs, 1991; Paul & 

Quigley, 1987; Quigley, 1978; Roeser & Downs, 1988; Roush, 

1992; Teele et aI, 1990). Poor academic performance and 

failure, as well as need for special education have also 

been reported. Several authors assert that children who have 

unilateral hearing losses also fail in school and/or require 

special educational services (Bess & Tharpe, 1986; 

Brookhouser et ale 1991; Culbertson & Gilbert, 1986). Oyler 

et ale (1988) report that academic difficulties in children 

who have unilateral hearing losses that affect their right 



ear are five times higher when compared to those whose 

unilateral hearing losses affect the left ear. 
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Inappropriate phonological development and auditory 

perception and processing difficulties have been related to 

the fluctuating hearing loss that often result from 

recurrent and chronic otitis media (Eimas & Clarkson, 1986; 

Groenen et al., 1996; Moore et al., 1991; Schilder et al., 

1994). It has been found that children in special education 

have a higher incidence of hearing loss than the general 

school population. Children with learning disabilities also 

seem to have middle ear pathology more frequently than 

children without learning problems (Peters, Grievink, van 

Bon & Schilder, 1994), and several authors believe that 

recurrent otitis media and learning disabilities are related 

(Kirkwood & Kirkwood, 1983; Reichman & Healey, 1983). 

Nevertheless, children with milder hearing losses seem 

to hear well in every day situations and the language they 

need for daily communication is usually not affected by 

their hearing loss. Therefore they are frequently identified 

late and for many of them school hearing screening is their 

first opportunity to have their hearing loss identified 

(Gravel et al., 1995). 
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Definition and Purpose of Hearing Screening 

The term "screening" refers to the use of testing 

principles and procedures to identify the possible presence 

of a particular condition in a large population, as rapidly, 

accurately and inexpensively as possible (Anderson, 1978; 

Feightner, 1992; Northern and Downs, 1991; Patrick, 1987; 

Stach, 1992). "The purposes of screening are to separate 

from among apparently healthy individuals those for whom 

there is a greater probability of having a disease or 

condition and then to refer them for appropriate diagnostic 

testing. That is, those screened are separated into a 'pass' 

group and a 'refer' group" (Gravel et ale 1995, p. 26). 

Screening is of value when it is used to detect a 

disorder or condition that, if not identified, causes 

significant problems to the individual who has it. The 

identification of the condition benefits the individual and, 

when the prevalence of the condition is high, is of 

significant benefit to society (Bess & Humes, 1990). 

"Hearing screening in school-age children population 

has long been regarded as a necessary and worthwhile 

endeavor" (Roush, 1992, p. 297). The purpose of auditory 

screening in school-age children is to detect a health 

and/or sensory problem before it has adverse effects on the 
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child's performance in school. Further, the adverse effects 

can be avoided or diminished by early detection and 

intervention (Feightner, 1992; Martin, 1991; Roeser & 

Northern, 1988). Screening for a hearing loss allows for a 

proactive, rather than a reactive or "failure-based" 

approach toward intervention (Oyler et aI, 1988). 

Therefore, hearing screening with the school-age 

population has a dual purpose. The first purpose is to 

identify those children who might have an educationally 

significant, sensorineural hearing loss which, in many 

cases, has not even been suspected (Feightner, 1992; Roeser 

& Northern, 1988). This hearing loss may be limiting the 

child's reception of surrounding information and his/her 

linguistic, cognitive and academic experiences. This, in 

turn, may lead into inadequate communicative interactions 

with family, classmates and teachers and inappropriate 

classroom adjustment and performance (Elfenbein et ale 

1994). Such loss may also interfere with the child's 

educational achievement (Roeser & Northern, 1988; Ross et 

al,1991). 

The other purpose of auditory screening is to identify 

and refer for medical intervention those children who have 

middle ear pathologies. These pathologies frequently cause a 
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conductive reduction of auditory function, sometimes 

manifested by a mild to moderate and transient or 

fluctuating hearing loss. Health complications include 

cholesteatoma, a diversity of inflammatory diseases in areas 

anatomically adjacent to the middle ear, and, in extreme 

cases, intracranial complications such as meningitis and 

encephalitis (Hall III & Ghorayeb, 1991; Northern & Downs, 

1991). Also, if these pathologies remain untreated and have 

an accompanying hearing loss of long term duration, they can 

have detrimental effects on the development of auditory and 

language skills as well as on educational development 

(Boothroyd, 1982; Chalmers et aI, 1989; Feagans et aI, 1987; 

Finitzo, Gunnarson & Clark, 1990; Northern & Downs, 1991; 

Pang-Ching et ale 1995). 

Nevertheless Feightner (1992) warns that while for some 

problems screening has been clearly beneficial, in others 

"the only significant outcome was increased concern and 

anxiety for parents of children with problems" (p. 5). As 

far back as 1964, Newby had already warned that it was 

"useless to discover cases of hearing impairment unless 

something is done to improve the situation for the children 

who have hearing problems" (p. 203). Therefore, if auditory 

screening is to be of real value and benefit, and its use 
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justifiable, individuals who are identified at risk for a 

hearing problem must be referred for medical and/or 

audiologic evaluation and must receive appropriate medical 

and/or audiologic intervention when needed. Opportune and 

effective educational or rehabilitative intervention, when a 

hearing loss is finally diagnosed, is also of utmost 

importance (Feightner, 1992; Newby & Popelka, 1985; Northern 

& Downs, 1991; Roeser & Northern, 1988). 

Historical Overview 

When auditory screening was first proposed in the 

1920s, it was "supported more by enthusiasm than science" 

(Feightner, 1992, p. 1). As time has passed, its value, 

derived from rigorous research has become evident. In 1952, 

Hirsh defined hearing screening tests as those "designed to 

separate two groups of persons: one that can hear as well as 

or better than a particular standard or criterion, and the 

other that cannot hear so well" (p. 277). Auditory screening 

tests were designed to accomplish the separation as rapidly 

and for as many people as possible. 

One of the first hearing screening tests was introduced 

by Western Electric, in the 1920s. It was a group screening 

test for which recorded fading numbers were used as speech 

stimuli. Screening with numbers gave poor results, therefore 
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monosyllabic and later spondee words were suggested as 

sUbstitutes. Speech stimuli were not sensitive to high 

frequency hearing losses and their use was discontinued 

(Bright & Roush, 1988; Hirsh, 1952; Patrick, 1987; Roeser & 

Downs, 1988). Pure-tone air-conduction tests were first used 

within the screening protocol at the end of the 1930s 

(Bright & Roush, 1988). At that time, 500, 1,000 and 

2,000 Hz were the frequencies most often assessed (Hirsh, 

1952) . 

In 1964, Newby reported an increasing concern of public 

schools about the hearing status of their students. Hearing 

conservation programs were becoming an important part of 

school health programs and hearing screening tests were 

being included as part of the protocols in which visual 

acuity, height and weight were also measured. At that time, 

California had already established mandatory testing of 

hearing of school-age children. 

The use of acoustic impedance was first reported by 

Metz, in Denmark, in 1946. Even though the first commercial 

equipment for immittance testing was developed in the 1950s, 

the use of this battery of tests was not generally conducted 

until the 1970s (Shallop, 1976). In 1970, Jerger used it 

with 400 patients, and his report was so enthusiastic that 



45 

immittance testing was included as part of the screening 

protocol, serving "as the basis for a new era in hearing 

evaluation" (Northern & Grimes, 1978, p. 345). In 1975, 

Cooper, Gates, Owen and Dickson cut down the time required 

for immittance screening, by proposing an abbreviated 

screening technique with school age children. This increased 

cost effectiveness making the inclusion of the technique 

more possible. 

Roeser & Northern (1988) point out that before 

immittance screening was developed, there was no practical 

way to screen for middle ear disorders. still Stach and 

Jerger (1991) stress that to be of value, immittance 

screening has to be interpreted within the context of a 

battery of tests; they assert that immittance measures in 

isolation are very ambiguous and any conclusion drawn is 

questionable. 

Today the importance of auditory screening as a 

strategy for early detection of a hearing loss and/or middle 

ear pathology, for opportune intervention and for the 

prevention of communication disorders in people of all ages 

has been fully recognized (Gravel et al., 1995). Auditory 

screening in school-age children has gained acceptance 

through empirical data that have demonstrated its value 
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(Feightner, 1992). It has become part of public school 

hearing conservation programs throughout the United states 

(Patrick, 1987; Pelson & Trestik, 1987; Roush, 1992). 

Schools have assumed the responsibility to detect hearing 

problems in their students. Many states have laws that 

mandate screening of all school children at regular 

intervals (Newby & Popelka, 1985), and organizations such as 

the ASHA, have suggested diverse criteria and norms for 

identification of middle ear pathology and of hearing loss, 

in the series of published guidelines (1979, 1985, 1990, 

1993) . 

The suggested criteria and norms have been changing in 

time in an effort to improve and update them according to 

the development of new knowledge and scientific and 

technological advancements. Nevertheless a recently 

published report on audiologic screening, prepared by the Ad 

Hoc Committee on Screening for Hearing Impairment, Handicap 

and Middle Ear Disorders of the ASHA (Gravel et al., 1995) 

points out several problems in the previously published 

guidelines and gives evidence of the lack of consensus 

related to auditory screening and to several unresolved 

problems that still exist such as the inclusion of the 
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external ear and ear wax management. These are addressed in 

detail in a subsequent section. 

Current Tests and Procedures 

for Hearing Screening in Schools 

The two most commonly used techniques for auditory 

screening of school age children are acoustic immittance 

measurements and pure-tone air conduction identification 

audiometry (Northern & Downs, 1991). Acoustic immittance 

measurements have been recognized as useful to identify the 

presence of middle ear pathology (Barrett, 1985; Bess & 

Humes, 1990; Nozza, Bluestone, Kardatzke & Bachman, 1994; 

Roush, 1992). Individual pure-tone air-conduction audiometry 

has been acknowledged as the most accurate to identify a 

hearing loss (Martin, 1991; Newby & Popelka, 1985). 

Acoustic immittance measurements and pure-tone 

audiometric results must be interpreted in conjunction with 

each other to identify children at risk for middle ear 

pathology and/or for a hearing loss, and to make referral 

decisions (Stach & Jerger, 1991). Empirical evidence shows 

that when screening is based on pure-tone testing only, and 

cutoff criteria are set at 20 dB HL, about 50% of school-age 

children with middle ear pathology are missed. These 

children respond to sound stimuli at lower intensity levels, 



even as low as 15 dB HL (Jordan & Eagles, 1961; Northern & 

Downs, 1991; Roush, 1992). Conversely, Patrick (1987) 

reports 80% to 90% accuracy in identifying those children 

who have middle ear pathology and/or a hearing loss when 

results from pure-tone air-conduction testing are combined 

with immittance measures. Thus, best screening outcomes 

result when both pure-tone air-conduction and immittance 

measures are combined for interpretation (Anderson, 1978; 

Bright & Roush, 1988; Patrick, 1987; Roesner & Northern, 

1988) . 

Acoustic immittance measurements 
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According to Northern and Downs (1991), data obtained 

from acoustic immittance screening provide an objective way 

to assess the integrity of the peripheral auditory 

mechanism. Acoustic immittance measurements, are of special 

value as sources of information for determining middle ear 

status (Stach & Jerger, 1991) and to distinguish conductive 

from sensorineural hearing loss (Hall III & Ghorayeb, 1991). 

"The immittance technique is capable of yielding more 

accurate screening results in the identification of middle 

ear disease than is possible with otoscopy or pure tone 

audiometry" (Norther & Downs, 1991, p. 277). Immittance 

screening is also the most cost effective way to identify 



subjects with middle ear problems (Cooper et al. 1975). 

Immittance measurements have therefore become an important 

part of the auditory screening protocol (Patrick, 1987). 
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Acoustic immittance screening consists of a battery of 

tests which include tympanometric, static admittance, 

equivalent ear canal volume, and acoustic reflex threshold 

measurements. Acoustic immittance measurements are obtained 

when a specific amount of air pressure, accompanied by an 

acoustic signal of specific frequency and intensity 

characteristics, is introduced in a hermetically sealed 

external ear canal. The amount of acoustic energy admitted 

by the middle ear system, and the amount of energy reflected 

by the tympanic membrane, as it changes position and tension 

conditions in response to air pressure, provide the elements 

for tympanometric, static admittance and equivalent ear 

canal volume measurements. 

Tympanometry. Tympanometric measures give information 

about the mobility of the tympanic membrane which in turn 

indicates the compliance of the middle ear mechanism, and of 

Eustachian tube function (Hodgson, 1980). "Tympanic membrane 

mobility is of particular interest, since almost any 

pathology located on or medial to the eardrum will influence 

its movement" (Northern & Downs, 1991, p. 192). As the 
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tympanic membrane moves while it is pushed by air pressure, 

a tympanogram is plotted. The presence of a pressure peak on 

the graph, and the amount of pressure needed in the external 

auditory canal to equate the pressure in the middle ear 

cavity so that maximum flow of acoustic energy can take 

place, are the determining factors in classifying a 

tympanogram. According to Jerger's (1970) classification, 

tympanograms are classified in regard to their shape or 

gradient in type A, As, ~, Band C. Type A tympanograms 

have an inverted V shape and indicate normal middle ear 

function. Type As tympanograms are shallow suggesting 

limited mobility of the middle ear structures while type ~ 

might indicate flaccidity of the tympanic membrane or 

discontinuity of the middle ear bones. Type C tympanograms 

have a pressure peak that indicates high negative pressure. 

Type B tympanograms have no pressure peak (Martin, 1991). 

Type B tympanograms and tympanograms with a wide shape and 

no clear peak, accompanied by absence of acoustic reflex 

have been found in numerous studies to correlate highly with 

the presence of middle ear effusion (Nozza et ale 1994). 

Middle ear pressure. This measurement provides 

information about the condition of air pressure existing in 

the middle ear cavity as compared to the air pressure of the 
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environment where the measurement takes place. "The flow of 

acoustic energy is maximum when the air pressure on each 

side of the eardrum is the same and decreases as the 

pressure differential increases" (Feldman, 1976, p. 107). 

When this air pressure is similar on both sides the 

measurement approaches O. A positive pressure measurement 

indicates higher pressure in the middle ear, and negative 

one means higher pressure in the environment. 

Some controversy exists relating to the difference 

between the amount of pressure on the outside, and the 

amount of negative pressure in the middle ear cavity, that 

can be considered normal. According to some scholars, -100 

daPa is considered to be the limit (Barrett, 1985; Hodgson, 

1985), while others consider it to be -160 daPa. ASHA 1979 

guidelines suggest using +50 to -200 daPa as the normal peak 

pressure range. The guidelines establish a negative pressure 

of -200 daPa as the cutoff criterium to determine if the ear 

is considered at risk, recommending rescreening. 

ASHA 1990 guidelines do not include tympanometric peak 

pressure measurement. The main reason is that a highly 

negative peak pressure is still questionable as an accurate 

indicator for middle ear pathology. Also, there is no 

recognized treatment for negative middle ear pressure that 
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produces an abnormal tympanogram (N. D. Matkin, October, 

1995, personal communication). Roush, Drake and Sexton 

(1992) compared what they call the "traditional" procedure 

for immittance screening, which includes peak pressure and 

acoustic reflexes measurements, with the procedure suggested 

in the revised version of the ASHA (1990) guidelines. In 

these guidelines peak pressure and acoustic reflexes are 

excluded and tympanometric width measurements are used 

instead. Findings show that "the traditional procedure" has 

better sensitivity and lower false negative identifications 

of middle ear pathology; the revised version (1990) 

procedure has better specificity, lower false positive 

identifications and positive predictive value. Both 

procedures perform similarly on negative predictive value. 

Static admittance. This measurement is also called 

static compliance (Northern & Grimes, 1978; Roeser, 1988). 

Static admittance is related to the mobility of the tympanic 

membrane and middle ear structures. It measures "the height 

of the admittance-magnitude tympanogram relative to the tail 

value . . . that can be used as an objective criterion for 

categorizing the shape of a tympanogram" (ASHA, 1990, 

p. 19). Hodgson (1985) reports Jerger's As tympanogram as 

the one where the pressure peak is within normal limits but 
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static compliance is smaller than 0.3 cm3
• Northern and 

Grimes (1978) consider the lower limit for static compliance 

to be 0.28 cm3
• ASHA's 1990 guidelines consider 0.2 cm3 the 

lowest limit for 3 to 5 year-old children, and 0.3 cm3 for 

adults. ASHA's 1990 guidelines suggest longer time 

observation of an ear with low static admittance if other 

immittance and pure-tone findings are within normal limits. 

High static admittance measurements, which correspond to 

Jerger's ~ tympanograms, are considered to be associated 

with tympanic membrane and ossicular chain abnormalities not 

related to active middle ear pathology, and are therefore 

irrelevant to screening of school-age children (ASHA, 1990). 

Ear canal volume. The equivalent ear canal volume 

measurement provides information about the size of the 

cavity assessed. This measurement relates to the integrity 

of the tympanic membrane. According to ASHA's 1990 

guidelines, 0.4 cm3 to 1.0 cm3 corresponds to the 90% 

normalcy range for equivalent ear canal volume for children 

3 to 5 years of age, and 0.6 cm3 to 1.5 cm3 corresponds to 

the 90% normalcy range for adults. A much larger equivalent 

ear canal volume is usually an indicator of a perforation in 

the tympanic membrane or of a patent pressure equalizing 

tube (Northern & Downs, 1991). A smaller equivalent ear 
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canal volume is usually an indicator of an occluded external 

ear canal, most often by cerumen or by a foreign object 

(Hodgson, 1985). 

Acoustic reflex. The acoustic reflex threshold 

measurement assesses the sound intensity level at which the 

stapedius muscle in the middle ear contracts. This 

information reflects the condition of the peripheral 

auditory system (Feldman, 1978; Northern & Downs, 1991). The 

acoustic reflex information is valuable to distinguish 

cochlear from retrocochlear hearing losses. The measurement 

of the acoustic reflex was an important part of the 

screening protocol suggested in ASHA's 1979 guidelines. 

ASHA's 1990 guidelines state that "the efficacy of acoustic

reflex measurements for detecting middle ear disorders is 

limited" (p. 20), as a diversity of conditions affect 

acoustic-reflex measurements. Therefore acoustic-reflex 

measurements have been eliminated from the protocol 

suggested in ASHA's 1990 guidelines. Roush et al. (1992) 

advise audiologists who decide to use a more traditional 

method of screening, to eliminate the acoustic reflex as it 

seems to contribute very little to the sensitivity and 

specificity of screening results. 
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Interpretation of immittance measurements. In ASHA's 

1979 guidelines, middle ear peak pressure and acoustic 

reflex findings were the only two measures considered. 

Normal range for pressure was set from +100 mm H2 0 to -200 

mm H2 0. When pressure measures were within this range and 

acoustic reflex was present, the subject passed immittance 

screening and no rescreening was required. Those individuals 

who had one of these two measures within normal limits, and 

the other abnormal were considered at risk and a rescreening 

a 3 to 5 weeks later was recommended. Those individuals who 

failed both measures were referred for medical and 

audiological assessment. Unfortunately, ASRA's 1979 criteria 

resulted in too many over-referrals. 

According to ASHA's 1990 guidelines, a flat 

tympanogram, equivalent ear canal volume outside normal 

range, low static admittance on two successive occurrences 

within a 4 to 6 week interval, and an abnormally wide 

tympanometric width on two successive occurrences in a 4 to 

6 week interval are recommended as criteria for medical 

referral. Low static compliance concomitant with an 

abnormally large ear canal volume indicate a patent pressure 

equalizing tube or a perforation in the tympanic membrane, 

in which case the child should be immediately referred for 
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medical intervention. Otherwise, low static admittance and a 

wide tympanogram beyond normal limits should be carefully 

observed and medical referral should proceed if these 

conditions persist on rescreening. 

Pure-tone screening 

Pure-tone air-conduction auditory measurements provide 

information about hearing sensitivity, or the level 

expressed in decibels (dB) at which an individual is just 

able to detect the presence of sound (Martin, 1991). One of 

the techniques widely used with pure-tone air-conduction 

audiometry is called a "sweep test" (Anderson, 1978; Newby & 

Popelka, 1985). It was designed in 1938, for rapid, 

individual testing (Bright & Roush, 1988). 

The "sweep test" is performed by setting the hearing

level dial of the audiometer at a preselected intensity 

level, "sweeping" through the tested frequencies, and asking 

the subject to respond with a specific behavior each time a 

tone is heard. As testing begins, a few stronger stimuli are 

presented to familiarize the subject with the task. The 

series of tones at various frequencies are presented, first 

to one ear and then to the other. The lack of response to 

anyone of the tones in either ear at a specific cutoff 



intensity level is often used as the criterion for failure 

of the screening test. 

Some controversy exists related to the hearing 

sensitivity level at which the cutoff line between normal 

hearing and a hearing loss should be established. Northern 

and Downs (1991) assert that this question has not yet 

received yet a satisfactory answer and point out that 

the determination of pass-fail criteria is a critical 

factor in the establishment of eventual test outcome. 

. . . The selection of a cutoff point within the 

overlapping distribution will directly influence the 

anticipated yield of identified patients with disease 

as well as affect test performance characteristics. A 

cutoff score is an arbitrary point that can be set to 

favor specific test outcome (pp. 236-237). 
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In 1979 the American Academy of Otolaryngology and 

American Council of Otolaryngology published the guide for 

evaluating a hearing handicap. In this guide, 25 dB HL was 

established as the cutoff criterion (Northern & Downs, 

1991). Currently, most professionals consider this criterion 

level too high for children. 

Northern and Downs (1991) suggest that 15 dB be 

considered as the cutoff hearing level for children, even 
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though this level could still be high. As Jordan and Eagles 

(1961) as well as Sarff (1981) report, more than 50% of 

children 5 to 10 years of age who had evident middle ear 

pathology when observed through an otoscope, responded to 

sounds at intensities softer than 15 dB HL. Therefore, 

Northern and Downs stress that these children would not be 

identified at a 15 dB cutoff level, and still might have a 

fluctuating hearing loss. Sarff (1981) used a 10 dB HL 

cutoff limit, and reported that out of 601 children studied, 

33% failed, and that 57% of those children who failed had 

academic problems. Sarff (1981) suggested using a 10 dB HL 

cutoff criterion to identify more children with 

educationally significant hearing losses. Berg (1986) also 

considers the 10 dB cutoff criterion as appropriate to 

establish a category for slight hearing loss. 

Some controversy has existed in relation to the 

frequencies that should be included in the pure-tone air

conduction screening protocol. It is generally accepted that 

tones at 500 Hz or below tend to be masked by ambient noise 

(Roeser & Norther, 1988). Hodgson (1980) stresses the 

importance of including 4,000 Hz, a frequency that is 

especially sensitive to a sensorineural hearing loss. 

"Sensorineural loss, when present, commonly involves this 
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frequency" (p. 202). Villchur (1970) asserts that 6,000 Hz 

is a frequency where poor results are frequent due to 

inadequate interactions between earphones and ears. Katt and 

Sprague (1981) report that 3,000 Hz was not useful in 

predicting hearing loss in children. Therefore "3,000 and 

6,000 Hz should not be included in the pure tone hearing 

screening protocol" (Northern & Downs, 1991, p. 273). 

ASHA's 1985 and 1990 guidelines suggest the use of a 

cutoff criterion of 20 dB HL (re ANSI-1969) at 1,000, 2,000 

and 4,000 Hz pure-tone stimuli delivered by air-conduction, 

through earphones, to one ear at a time. No response at a 

frequency in either ear should be considered a failure to 

hear that tone within normal limits. ASHA's guidelines 

suggest including stimuli at 500 Hz only when immittance 

screening is not used and ambient noise does not exceed an 

intensity level of 41.5 dB SPL at 500 Hz at that frequency. 

For pure-tone identification audiometry, the authors of 

ASHA's 1985 and 1990 guidelines stress the importance of 

carefully given task instructions to each tested subject. 

Especially when children are tested, the tester has to be 

sure that the instructions were understood. 

In case of failure on pure-tone screening, ASHA's 

guidelines establish rescreening as mandatory, preferably 
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within 2 weeks of the initial screening. Rescreening starts 

with repetition of instructions, to ensure that 

misunderstood instructions were not the cause of failure. If 

a child fails a second time, a referral for full audiologic 

assessment is the next step. A hearing loss should not be 

considered until after a full audiologic assessment by an 

audiologist confirms it. Once a hearing loss has been 

confirmed, referral for appropriate medical and educational 

intervention should follow. 

Screening performance 

Ideally, the tests and procedures used for hearing 

screening should correctly identify 100% of the children who 

have a hearing loss, and clearly distinguish them from those 

who have normal hearing (Northern & Downs, 1991). Yet, this 

goal is impossible to accomplish. As mentioned before, 

neither a clear and definite boundary between normal and 

impaired hearing nor an accurate screening protocol exist. 

There are many factors that introduce variables that affect 

accuracy in screening. Pass/fail criteria, screening 

environment, experience of those who screen and equipment 

used are some of those factors (Bess & Humes, 1990; Northern 

& Downs, 1991; Roeser & Northern, 1988). 
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Nevertheless, screening protocols and policies need to 

be accurate enough that a high percentage of individuals who 

have a hearing loss and/or middle ear pathology are 

positively identified (high sensitivity), while a high 

percentage of individuals who have normal hearing and/or 

normal middle ear status are identified as a "pass" (high 

specificity). At the same time, a minimal number of 

individuals without a hearing loss should be identified as 

having a hearing loss (low false-positive rate) and a 

minimal number of individuals who have a hearing loss should 

be missed (low false-negative rate) (Feightner, 1992; Roeser 

& Northern, 1988; Roush, 1992). Sensitivity and specificity 

have an inverse relationship; they "will change as a 

function of the threshold for defining a positive test . 

. If sensitivity is raised, specificity is lowered, and vice 

versa" (Feightner, 1992, pp. 8-9). Roeser and Northern give 

the following formulas: 

Sensitivity = A 
A + C 

Specificity = D 
D + B 



62 

Percentage of false-positive = B x 100 
B + D 

Percentage of false-negative = C x 100 
-A-=---+-C=-

(where A corresponds to the number of correctly identified 
subjects who have a hearing loss; B corresponds to the 
number of subjects identified as having a hearing loss who 
actually have normal hearing; C corresponds to the number 
of subjects identified as having normal hearing who 
actually have a hearing loss, and D corresponds to the 
number of normal subjects correctly identified) 

Sensitivity and specificity are affected by the 

prevalence of the condition that is being screened for, 

affecting the predictive value of the tests used (Feightner, 

1992). The predictive value relates to "the ability of a 

test to estimate disease or nondisease in a given population 

accurately" (Northern & Downs, 1991, p. 235). Feightner 

(1992) gives the following formulas, where A, B, C and D 

have the same meaning as above: 

Positive predictive value = A 
A + B 

Prevalence = A + C 
A + B + C + D 

"The predictive value of a test reflects the percentage 

of individuals who test positive and, in fact, have the 

disease. Similarly, predictive value of a negative test 



reflects the percentage of people testing negative who are 

truly free of the disease" (Feightner, 1992, p. 9) 
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For effective screening, the tests and procedures used 

also must be reliable and valid. A screening procedure is 

reliable if, when performed for the second time on the same 

individual, the results obtained are similar to those 

obtained the first time; it is valid when it effectively 

identifies the targeted condition (Roeser & Northern, 1988). 

"The validity of a screening test is based on the proportion 

of test results that are confirmed diagnostically" (Northern 

& Downs, 1991, p. 233). 

The elements presented in the previous paragraphs are 

used to evaluate the screening process. "Program evaluation 

should be an integral part of any screening process, and can 

occur at a number of levels, from evaluation of the 

equipment to evaluation of the procedures and personnel used 

in the program (Roeser & Northern, 1988, p. 68). 

Finally screening needs to be accomplished in the most 

efficient and cost-effective manner possible (Bess & Humes, 

1990; Gravel et al. 1995; Patrick, 1987; Roeser & Downs, 

1988). Bess and Humes (1990) give the following formula to 

estimate the cost of a school screening program: 
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cost/child = S + C + (M x L) 
R (N x L) 

(Where C stands for the total cost of the equipment, S is 
the salary of screening personnel per hour, L represents 
the lifetime of the equipment in years, M is the 
maintenance cost per year, R stands for the number of 
children screened in an hour, and N stands for the number 
of children screened in a year) . 

To increase sensitivity and specificity of auditory 

screening with immittance measures and pure-tone 

identification audiometry, and to decrease the proportion of 

false-positive and false negative outcomes, maintaining the 

highest level of efficiency and cost effectiveness, ASHA's 

1990 guidelines suggest the use of additional information 

before referral decisions are made. 

Additional screening information 

ASHA's 1990 guidelines recommend considering including 

data from case history and visual inspection in the 

screening protocol. These data should be combined with pure-

tone audiometric and immittance measurements, to obtain a 

more accurate interpretation of each individual's screening 

outcomes and avoid over-referral for medical and/or 

audiological assessment. 

Case history. Otalgia and otorrhea are two main 

concerns that have to be ruled out from individual history 

before immittance and pure-tone screening take place. If 



otalgia and/or otorrhea are present, immediate medical 

referral proceeds (ASHA, 1990). Information about ear 

history can be obtained by sending parents a letter that 

informs them of the screening process, asks for the 

requested information and requests their authorization for 

screening. 
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Visual inspection. ASHA's 1990 guidelines recommend 

conducting a visual inspection directly, and also through an 

otoscope. Careful inspection should look for evidence of 

structural defects of the ear, head and neck, and ear 

disease. Abnormalities of the ear-canal such as blood or 

effusion, occlusion, inflammation, excessive cerumen, tumor 

or foreign material, and pathologic signs at the tympanic 

membrane such as abnormal color, bulging, fluid line or 

bubbles, and perforation or retraction should be carefully 

investigated. Medical referral should take place if any of 

the elements listed are found. 

According to Hodgson (1980), as well as Ginsberg and 

White (1985), the presence and amount of cerumen in the 

external ear canal has to be carefully observed, before 

auditory testing can be started. Cerumen or ear wax is the 

product of the ceruminous glands and the sebaceous glands 

located in the skin of the external ear canal. It has a 
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protecting and lubricating function and usually drops out of 

the ear by itself. In some individuals, cerumen accumulates 

in the ear canal and may obstruct it completely (Cohn, 

1981). Impacted cerumen can cause a conductive hearing loss 

of as much as 40 dB (Ginsberg and White, 1985). It can also 

cause tinnitus (Pituch, 1990), pain and fullness in the ear, 

and a sudden loss of hearing by absorbing water which causes 

it to expand (Ballachanda & Peers, 1992). 

When excessive cerumen is observed through otoscopy, 

the tympanogram and the equivalent ear canal volume measures 

can be used to verify a possibly complete occlusion of the 

external ear canal. If the external ear canal is not 

occluded, excessive cerumen should not affect immittance 

measurement (Hodgson, 1980). Cerumen that completely blocks 

the external ear canal has to be removed before any 

screening is carried out (Ginsberg and White, 1985). Removal 

of cerumen has to be done with care to avoid perforating the 

tympanic membrane or causing other injury or infection in 

the external ear (Ballachanda & Peers, 1992; Catlin, 1981; 

Northern, 1992). 

Other relevant factors for hearing screening 

The acoustic environment is the first factor that has 

to be carefully considered during auditory screening. 
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Anderson (1978), Martin (1991), Northern and Downs (1991) 

and Newby & Popelka (1985) among others, stress the 

importance of an adequate working location and attention to 

the amount of ambient noise. 

In 1964, Newby recommended the use of the quietest 

place in school for hearing screening. Northern and Downs 

(1991) argue that the presence of ambient noise in school 

buildings may make screening at levels lower than 20 dB HL 

impossible, especially in the low test frequencies. 

To deal with ambient noise, ASHA's 1985 guidelines 

stress the importance of measuring the level of ambient 

noise with a sound level meter before screening begins. The 

maximum allowable noise levels at the screening site are: 

41.5 dB SPL at 500 Hz; 49.5 dB SPL at 1,000 Hz, 54.5 dB SPL 

at 2,000 Hz and 62 dB SPL at 4,000 Hz (ASHA, 1985). ASHA's 

1985 guidelines also recommend the use of immittance 

measures to screen for middle ear pathology instead of 

screening at 500 Hz, because this frequency is easily masked 

by ambient noise. 

A second important factor relates to the personnel who 

conduct the screening. ASHA's guidelines stress the need to 

have the screening conducted or supervised by an 

audiologist. Appropriately trained support personnel may 



conduct the screening and rescreening under the careful 

supervision of an audiologist. 
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A third factor that needs careful consideration relates 

to the equipment used for screening. An otoscope, a pure

tone audiometer and an acoustic irnrnittance instrument are 

required pieces of equipment to perform all the recommended 

tests and measurements. Carefully selected earphones with 

appropriate characteristics should be used with the 

audiometer. The equipment should comply with all current 

standards (Anderson, 1978; Martin, 1991). Bess and Humes 

(1990) stress the need to use equipment that is simple, 

sturdy and portable, and has performance characteristics 

that remain stable over time. 

A fourth factor that needs to be considered is the 

ability of each child to accomplish the required task for a 

given screening procedure (Anderson, 1987). A fifth factor, 

stressed also by Anderson, is preparing the setup before the 

actual screening takes place. He suggests visiting each 

setting and explaining to the administrators and teachers 

the procedure and its objectives. Special attention needs to 

be given to the scheduling, the preparation of the children 

for the task they are expected to perform, provision of the 

needed information to avoid unnecessary anxiety and planning 



the movement of children and their identification, to 

guarantee a constant flow of clients. 
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A sixth factor pointed out by Northern & Downs (1991) 

is the importance of the language used in notices sent to 

parents, teachers and referral physicians about screening or 

rescreening outcomes. These authors stress that failing an 

auditory screening indicates only that middle ear pathology 

and/or a hearing loss are suspected and need to be confirmed 

through more comprehensive medical and/or audiologic 

assessment. Therefore, diagnostic conclusions as well as 

alarming predictions should be avoided. Both parents and 

teachers should be informed of the inconclusiveness of the 

screening results and should be appropriately guided to take 

further action. 

Finally, several authors stress pitfalls that should be 

avoided when hearing screening is conducted in schools. 

Hodgson (1980), and Roesner and Northern (1988) recommend to 

avoid giving children visual clues to which they can be 

responding without really hearing the sound stimuli. Also, 

appropriate placement of earphones and immittance probes, 

and patent external ear canals should be verified, and too 

much time spent with each child, and inadequate presentation 

of tones should be avoided. A careful management of all 



these factors will result in valid and reliable screening 

outcomes. 

Unsolved issues related to auditory screening 
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Although auditory screening has been implemented 

throughout the United states, Konkle and Jacobson (1991) 

point out that many screening principles are still not 

clear. Feightner (1992) considers that in many ways auditory 

screening is still in its initial stages. Roush (1992) 

asserts that: "considering the long history of screening in 

the school-age population, one would expect to find 

consistent and well-standardized test procedures. Instead, 

nationwide surveys have repeatedly shown substantial 

disagreement on the philosophical as well as procedural 

aspects of school screening" (p. 298). In relation "to 

acoustic immittance, there are few areas of agreement and 

numerous issues that remain controversial or unresolved" 

(Roush, 1992, p. 307). 

In the 1980s, some groups such as the Committee on 

School Health of the American Academy of Pediatrics opposed 

the use of immittance testing, especially when there was no 

evident hearing loss. Their main objection was the large 

number of over-referrals for medical attention (Roeser & 

Downs, 1988). As has been explained before, ASHA's 1990 



guidelines have taken into account these criticisms, and 

have established stricter criteria for auditory screening 

outcomes before referral takes place. 
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Bess and Kenworthy (1986) note that a large percentage 

of otitis media with effusion "will resolve spontaneously 

with no significant residual effects" (p. 65), and that even 

a double test on a given group of children will not identify 

clearly those who have persistent middle ear pathology and 

will not avoid numerous over-referrals. 

Gravel et al. (1995), point out that the real value of 

currently used screening instruments and procedures is 

questionable. These authors also indicate the need to 

incorporate new knowledge and new scientific as well as 

technological developments, such as otoacoustic emissions, 

acoustic reflectometry and the Audioscope, within existing 

screening protocols. 

Hearing Conservation 

Auditory screening in school-age children is used to 

detect a health and/or sensory problem in the hearing 

system, which may affect the child's learning process and 

performance in school (Barrett, 1985; Roush, 1992). 

Screening is part of a hearing conservation program. 
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A hearing conservation program for school-age children 

should include auditory screening for all. It should also 

include audiological assessment, medical evaluation and 

treatment, amplification counseling and assessment and 

provision of appropriate educational, habilitative and 

support services according to individual needs of those 

children who have been identified as at risk for middle ear 

pathology and/or hearing loss (Alpiner, 1978; Flexer, 1989). 

"The purposes of a school hearing conservation program are 

to reduce to the absolute minimum the number of children 

with permanently impaired hearing and to provide for the 

special educational needs of children whose hearing cannot 

be restored to normal limits through medical or surgical 

treatment" (Newby & Popelka, 1985). Also children prone to 

middle ear pathology at risk for developmental and 

educational delay should benefit from support services 

included in a hearing conservation program, even if their 

hearing can be restored to normal limits (Davis, 1986; 

Feagans, 1986). 

For Newby and Popelka (1985), auditory screening is the 

heart of a hearing conservation program because 

identification of the children who need special services 

precedes the provision of those services. Appropriate 
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identification and care of children with middle ear 

pathology and other factors that produce hearing loss in the 

lower elementary grades will prevent higher numbers of 

hearing impaired individuals in upper elementary and 

secondary grades. The importance of direct participation of 

children in hearing conservation programs and class 

activities that enhance hearing conservation practices is 

stressed by Chermak, Curtis and Seikel (1996). 

Hearing conservation in Mexico 

Fernandez et ale (1991), realized the great need for 

hearing screening in Mexican children. Fernandez et ale 

consider hearing loss in Mexican children an important 

problem, and one that has been completely ignored. No 

statistical data exist on the prevalence of middle ear 

pathology and/or hearing loss, gathered on Mexican school

age children on a larger scale. Different authors (Arriaga 

et al., 1990; Fernandez et al., 1991; Gomez-Palacio, 1994) 

have inferred the significance relative to incidence and 

prevalence of hearing loss from figures given by the World 

Health Organization (WHO). According to the WHO figures, 

10.43% of the population is disabled, and 0.22% has a 

hearing loss. Gomez-Palacio (1994) states that according to 

these figures, there are 1,728,455 preschool and elementary 
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school children with disabilities in Mexico, and close to 

38,000 have a hearing loss. Nevertheless, if figures such as 

those given by Berg (1986), which include children with 

slight as well as mild, moderate, severe and profound 

hearing losses, and those that result from middle ear 

pathology were extrapolated to Mexico, there could be well 

over 300,000 children with hearing losses. Luna-Pereda 

(1992) screened the hearing of 240 children from K to 6th 

grade. These children attend a private school in Mexico City 

and corne from high socioeconomic levels. She used the 

protocol and the cutoff criteria suggested in ASHA's 1990 

guidelines. On initial screening 34 children failed. Upon 

rescreening carried out 4 weeks later, 25 (10% of total 

sample) children failed for the second time. Out of these 25 

children, nine failed pure-tone screening, six failed 

irnrnittance screening and ten failed both pure-tone and 

irnrnittance screening. 

~'ernandez et ale (1991), aware of the need to implement 

a screening program in Mexico, proposed a protocol called 

the "One Minute Test of Auditory Function". Its purpose was 

to detect auditory damage in school-age children. The 

screening procedure consists of three main steps. For step 1 

the upper edge of the auricle is rubbed up and down with the 
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tester's finger, four to five times. Step 2 consists of 

rubbing the tester's thumb and two fingers in front of the 

auricle of the screened subject, at a distance of one to two 

inches. Children are asked to tell what they hear better, 

the scratching cat (step 1), or the scratching dog (step 2). 

Step three consists of striking the child's upper teeth with 

a tester's fingernail and asking children to identify the 

side at which the sound was perceived. The authors stress 

the need to ensure that the child is responding to the 

produced sounds and not to tactile sensation. Fernandez et 

ale (1991) screened 297 children ages 7 to 13 years, who 

were attending a public school in Mexico City. The results 

were compared with those obtained, on the same children, 

with identification pure-tone audiometry and immittance 

measurements. Fernandez et ale found high correlation 

between the measures obtained by audiometry and immittance 

screening and those obtained with the One Minute Test. Their 

results show sensitivity in a range of .93 to 1.0 and 

specificity in a range of .53 to .75 using either procedure. 

However, Fernandez et ale do not explain how they controlled 

the children's responses to sound rather than touch. In 

addition, no evidence is given that screened frequencies and 

intensity levels of the One Minute Test stimuli were 
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measured. There is no information on the number of children 

who failed the screening nor the number of children found 

with high frequency and/or unilateral hearing losses. 

Awareness of the importance of intact hearing for 

language development, and for learning and educational 

performance among physicians, teachers, professionals and 

lay members of society in Mexico is lacking. An awareness of 

the need for hearing screening and for the implementation of 

hearing conservation programs needs to be developed. Fuentes 

(1995) states that Mexico is a country with great natural 

and human resources; nevertheless it is a country with an 

enormous crisis where the well-being of too many Mexicans 

has been completely ignored. Fuentes asserts that education 

is one of the aspects that need greatest attention to revert 

the social and economic situation of Mexico. Hearing 

screening and hearing conservation programs for school-age 

children must become important elements within the Mexican 

educational programs that will strive for better educational 

outcomes in school-age children. 



CHAPTER 3 

METHOD AND PROCEDURES 
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The hearing and middle ear status of 590 children who 

were attending first grade at public schools in school 

district number 34, in the municipality of Corregidora, 

Queretaro, Mexico was investigated through a screening 

project. By doing this study away from Mexico City, factors 

such as extreme poverty and health problems due to exposure 

to extreme pollution were avoided. Conducting the study in a 

smaller city allowed the inclusion of both urban and rural 

children, and provided a representative sample of public 

school, first grade children. 

The following are discussed in this chapter: the 

screening sites and the manner in which they were accessed, 

the subjects, the instrumentation, and the screening 

procedures, as well as the gathering and recording of data. 

Location and Screening Sites 

The municipality of Corregidora is located on the 

outskirts of the city of Queretaro, capital of the state of 

Queretaro. The city of Queretaro lies 120 miles north of 

Mexico City and is the home to some 800,000 people. 

The screening was completed with the cooperation of 

Compania Hulera Good Year Oxo, in Mexico City, who provided 



the equipment used for the study, the School of Psychology 

of the Autonomous University of Queretaro (UAQ) , the 

Community Service Center (CESECO) at Santa Barbara, 

Queretaro, and the public schools from school zone 34 in 

Queretaro. 

The UAQ is the public institution of higher education 

in the state of Queretaro. The School of Psychology of the 

UAQ sponsors five CESECOs. Each CESECO is a small 

institution where UAQ university students, guided and 

supervised by their professors, participate in diverse 

outreach programs and community services. Such outreach 

programs are a novel concept in Mexico. 
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Each CESECO has a dual purpose. The first purpose is to 

identify, attend and propose solutions to the most important 

health, educational and social problems of the community in 

which it is located. It offers, through a proactive approach 

provided by multidisciplinary teams and at very low cost, 

the required medical, dental, psychological, educational, 

sociological and legal services. The second purpose is to 

provide the university students closely supervised practical 

training within their professional fields while they serve 

the community. 
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Professors from UAQ in each of the fields of specialty 

where students are practicing are part of the 

multidisciplinary staff teams that guide and supervise the 

students. Pertinent research is also conducted at the 

CESECOs. The staff at the CESECO Santa Barbara, and zone 34, 

headed by the SEP Supervisor have had a contract for an 

ongoing collaborative relationship for some time. 

A school hearing screening program fits within the 

concept of an outreach program. It is a proactive approach 

to identify children at risk for middle ear pathology and/or 

a hearing loss before secondary effects become evident. 

Therefore, when the screening research program reported in 

this document was proposed to the UAQ psychology department 

and to the CESECO authorities, and the potential benefits 

for the children were explained, it was considered an 

appropriate activity to meet the CESECO's objectives. The 

staff at the CESECO was willing to commit to initiate a 

follow up hearing conservation program with the children 

identified at risk for middle ear pathology and/or a hearing 

loss. They also committed themselves to take over the 

screening project and expand it to children in other 

elementary grades, upon assessment of the significance of 

middle ear pathology and/or hearing loss in the first grade 



children of that school district, and completion of the 

current research project. 
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Through the CESECO at Santa Barbara, the auditory 

screening program for first grade elementary school children 

was proposed to the school Supervisor, who is the highest 

local authority from the SEP and directly responsible for 

the school district. Subsequently, access to all the public 

schools of district number 34 was authorized by this 

Supervisor who also provided all the information and support 

required by the researcher. 

Eighteen first grade classes in 13 elementary public 

schools participated in the screening. Six of these schools 

are located within the limits of Queretaro City. The 

remaining seven schools are located in small rural towns 

with some 2,000 inhabitants each. These towns are 5 to 15 

miles from Queretaro City and can be reached through 

cobblestone paved roads, most of which have only recently 

been constructed. Each school serves the children of the 

community where it is located. Their families are of low 

socioeconomic status, mostly laborers and peasants. 

Ten of the 13 schools run morning shifts from 8:00 to 

1:00, Monday through Friday. The other three schools, run 

afternoon shifts from 2:00 to 6:30. These last three schools 
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are within the city limits and use the same buildings that 

are used by the three morning city schools. Of the 590 

children who were screened, 409 attend school in the 

morning, while 181 attend in the afternoon; 320 live within 

the city limits (urban) while 270 live in the small towns 

(rural). Table 3 shows the location, number of classes, 

number of children, and shift (morning or afternoon) of each 

participating school. 

Table 3 

Location and characteristics of ]2articipating: schools. 

Number of Number of 
School Location Classes children Shift 

1 rural 1 20 morning 
2 rural 1 8 morning 
3 rural 2 63 morning 
4 rural 1 43 morning 
5 rural 1 48 morning 
6 urban 2 73 afternoon 
7 rural 1 31 morning 
8 urban 1 35 morning 
9 urban 2 70 afternoon 

10 urban 1 38 morning 
11 urban 2 66 morning 
12 urban 1 38 afternoon 
13 rural 2 57 morning 

N 13 18 590 

The school buildings consist of one story brick 

buildings with fairly large classrooms and a row of windows 
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on each of two contralateral sides. Some classrooms are in 

rows of two or three with a wall in between; others stand 

alone, depending on the number of children that each school 

serves. All of the classrooms are surrounded by open land, 

used as a playground. 

Most schools have a small director's office away from 

the classrooms. In most schools, the office is isolated and 

silent when children are working in their classrooms. 

Because of these qualities, the offices were used as the 

screening sites in 12 schools. In one school, with a total 

of only 50 pupils and no director's office, screening 

occurred out in the open because of the lack of any other 

space. Because this school is at some distance from the 

town, the open space was the quietest spot available. 

Subjects 

Five hundred and ninety first grade children from the 

public schools of district number 34 were screened. 

Although, ideally a younger population should have been 

selected, first grade was likely to be the grade at which 

the highest percentage of children of a specific age could 

be screened. Only about 50% of children of preschool-age 

attend school, while children in higher grades drop out of 

school. 
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At the beginning of the school year, in September, 

1994, 617 children were enrolled in first grade in this 

school district. The parents of four of the children did not 

give their consent for the screening; the remaining 23 

Table 4 

Subject distribution. 

Children in Children in All 
urban schools rural schools children 

Males 149 (25.3%) 143 (24.2%) 292 (49.5%) 

Females 171 (29.0%) 127 (21.5%) 298 (50.5%) 

320 (54.3%) 270 (45.7%) 590 (100%) 

children had dropped out of school by the time the screening 

was conducted. Table 4 presents the distribution of children 

by school rural or urban location, and by gender, while 

Table 5 

Ages of screened children. 

Age in years 5 6 7 8 9 10 11 12 

males 2 170 76 34 8 1 0 1 

females 2 201 69 16 5 2 2 1 

(~ 590) 4 371 145 50 13 3 2 2 
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Table 5 shows the age distribution. 

Although the children ranged in age from 5 to 12 years, 

there was a preponderance of 6- and 7- year olds at the time 

of screening. Thus 88% of the subjects were still at an age 

when otitis media is prevalent. 

Instrumentation 

Special equipment for auditory screening was purchased 

for the CESECO, with funds donated by Compania Hulera Good 

Year Oxo, in Mexico City. This equipment consists of: 

a. A 3.5v Welch Allyn otoscope. 

b. An American Electromedics Corporation portable 

tympanometry and audiometry unit, Model AE 206. This 

equipment meets all ANSI S3.6-1969, ISO 389-1975, IEC 645-

1979 and ANSI S3.39-1987 standards and was calibrated just 

prior to purchase. The specifications and operating 

characteristics of this unit can be seen in Appendix A. 

Having a distributor in Mexico and the availability of 

proper calibration and service delivery were two of the 

relevant deciding factors for the selection of this 

equipment. 

A Quest Electronics sound level meter, Model 155, which 

has a model OB-145 octave band filter, was used to measure 



the noise level in the offices and the outdoor location 

where the screenings were performed. 

Procedure 

Preliminary stages. This section describes the 

personnel contacted and the procedures to obtain screening 

permission. 
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The first contact with the school district was the 

Supervisor to whom the researcher explained the objectives 

of the screening program, the benefits to the children and 

the procedures that needed to be followed to accomplish 

those objectives. The Supervisor held a special meeting for 

directors of the 13 schools in her district about the 

screening program, and instructed them to cooperate with the 

researcher. Each director in turn was responsible for 

informing the teachers of the first grade classrooms. After 

consent had been obtained from all individuals involved, the 

Supervisor, 13 directors and the 18 first grade teachers 

attended a meeting with the researcher who explained the 

screening process and its relevance, and the information to 

be obtained from the screening. The school personnel became 

acquainted with the equipment, the sound stimuli and the 

expected child responses. Several of those present were 

submitted to the screening experience while the rest of them 



observed. The logistics of the screening process was also 

established at this meeting. 
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Each teacher was in turn responsible for explaining to 

the children in his/her group the screening process, the 

manner in which the stimuli were going to be presented and 

the response that was expected from them. Teachers were also 

responsible for informing the parents that the screening was 

going to occur, for obtaining parental consent (Appendix B) 

and the basic information about the children's ear history 

(Appendix D) . 

Screening protocol. All screenings were done by the 

researcher. The protocols suggested in ASHA's guidelines 

(ASHA, 1985, 1990) were used to implement the screening 

process. This model includes: 

a. History about recent occurrence of otalgia or 

otorrhea. 

b. Visual inspection, of the head and neck, and of the 

external ear, direct and with an otoscope. 

c. Acoustic immittance measurements. 

d. Identification aUdiometry. 

The screening sessions were set up during school hours, 

in accordance with the schedule of each school, on Thursdays 

and Fridays in May and June, 1995. The screening sessions 



were conducted between 8:00 a.m. and 1:00 p.m., and 2:00 

p.m. and 6:30 p.m. An average of 5 minutes was spent with 

each child. The remaining time was used for rescreening. 

Figure 1. Flow chart of the screening process 
followed. 
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Figure 1 - continued 
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Approximately 30 first time children were seen each session. 

The flow of the screening process is summarized in Figure 1. 
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Noise levels. Each session was started by checking 

noise levels in the designated screening site. ASHA's 1985 

standards were followed to establish maximum noise levels 

allowed at each site. These maximum levels are: 41.5 dB SPL 

at 500 Hz; 49.5 dB SPL at 1,000 Hz, 54.5 dB SPL at 2,000 Hz 

and 62 dB SPL at 4,000 Hz (ASHA, 1985). All designated 

screening sites complied with these standards during school 

activities. All teachers were committed to keep children 

quietly at work in their classrooms, to help maintain noise 

at measured levels while screening was in progress. A 30 

minute recess was given to all children at once, time during 

which screening was suspended. 

The formats used to keep records of the data obtained 

on each child during screening (Appendix D) were provided to 

the Supervisor by the researcher in advance. The Supervisor, 

in turn, gave them to the teachers. The teachers wrote on 

each form each child's name and address; each child brought 

his/her form to the screening site. 

At the beginning of each screening session, three 

children were sent simultaneously to the site. One was 

screened by the researcher while the other two observed. At 

the end of each child's session, he/she went back to the 

classroom and a new child came to the screening site. This 
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allowed for one child to be "in transit", one to be screened 

and one to observe the screening. This procedure allowed 

each child to become familiar with the screening procedure 

prior to his/her turn. Careful instructions were given to 

each child. A few children who demonstrated fear while 

waiting for their turn were allowed to watch the screening 

of several children before they were screened. 

Screening procedure 

Screening was started by asking the child about recent 

earaches and/or ear discharge and checking any report from 

teacher regarding this issue. 

Visual inspection. Direct visual inspection of head, 

neck and both auricles, and observation of the ear canals 

Table 6 

Codes used to indicate amount of cerumen in external 

ear canals. 

Code 

A 
L 

M 

VM 
VM-O 

Description 

Absence of wax. 
Presence of some wax on the ear canal 
walls. 
Presence of a good deal of wax but 
visualization of the eardrum was still 
possible. 
Presence of excessive wax. 
Presence of a wax occlusion, confirmed 
by immittance measures. 
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through the otoscope was completed. The condition of the 

external ear canals and amount of cerumen were observed and 

one of five codes (see in Table 6) was used to indicate the 

existing amount in each child's, ear. Any other observed 

abnormal characteristic was recorded. 

Acoustic Imrnittance. Imrnittance measures in both ears 

were performed next. The equipment used was a Model AE 206 

tyrnpanometer that is totally automatic. It has a probe 

assembly upon which a soft tip is placed. It is handheld 

against the entrance to the external ear canal and it only 

functions after an air-tight seal is obtained. A constant 

probe tone of 226 Hz +/-1% at an intensity level of 85 dB 

SPL is produced. 

When the seal is obtained, positive air pressure of 

+200 mrn daPa is achieved, and the tyrnpanometer automatically 

decreases the air pressure in the ear canal cavity at a 

sweep rate of 400 daPa/sec, while the changes in the 

compliance of the eardrum are graphically displayed on the 

tyrnpanometer. Even though pressure ranges from +200 to -400 

daPa, pressure stops at -200 daPa past peak. It takes 

approximately one second to complete the test. The 

tyrnpanometer automatically shuts off at the completion of 
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the measurement and provides the clinician a visual display 

of the tyrnpanogram. 

All numeric data which provide information about static 

compliance, ear-canal volume, amount of positive or negative 

pressure an the level at which the acoustic reflex sets in 

appear on the display. Static compliance measures as well as 

ear-canal volume measures are provided in discrete numbers 

with one decimal. NR is displayed if there was no acoustic 

reflex. The stimulus to elicit the acoustic reflex was set 

for ipsilateral measurements, at 1,000 Hz, and at 95 and 105 

dB HL. The tyrnpanogram as well as the numeric data can be 

printed if desired. 

All children were included in irnmittance screening, 

even those who had been classified as having excessive 

cerumen accumulation in the external ear canal (VM) on 

visual inspection. Hodgson (1980) states that a valid 

tyrnpanogram can be obtained as long as the ear canal is not 

completely blocked by earwax. Hodgson further suggests 

attempting to obtain a tyrnpanogram even if excessive wax is 

observed, and to use the information obtained to determine 

if the canal is entirely occluded. Therefore, in those ears 

where excessive wax was noted (VM), a flat tyrnpanogram with 

no admittance peak, no measurement of middle ear pressure 
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and an equivalent ear canal volume much smaller than that of 

the contralateral ear was interpreted as an indicator of 

occlusion and the VM (excessive wax) was changed into VM-O 

(wax occlusion). The child was referred to the ear-nose and 

throat medical service at CESECO for wax removal before 

he/she went through the rest of the screening procedure. 

After the characteristics of the measurements provided 

by the Model AE 206 tympanometer were carefully considered, 

and in agreement with the criteria suggested in the ASHA 

1979 and 1990 guidelines the criteria established as passing 

for imrnittance screening were: 

a. Type A tympanogram 

b. Pressure in middle ear between +50 and -200 daPa 

c. Static admittance between 0.2 and 1.4 ml 

d. Equivalent ear canal volume between 0.4 and 1.5 ml 

e. Acoustic reflex present. 

Identification audiometry. Pure-tone air-conduction 

audiometry followed. A pure-tone audiometer is built into 

the Model AE206 Tympanometer. It comes with TDH-39 

headphones. 

Headphones were placed and appropriate placement was 

verified. Stimuli signals were presented at 1,000 Hz, 2,000 

Hz and 4,000 Hz to one ear at a time. 20 dB HL was used as 
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the cutoff intensity limit criterion. Raising of a hand or 

finger was the expected response each time a child heard a 

stimulus. A few children who had difficulty with this task 

were asked to respond by placing plastic pieces in a 

container. Special attention was given to avoid cuing the 

child with visual, tactile or other clues when a test signal 

was presented. 

Pure-tone stimuli were presented in a specific sequence 

to all children, and modifications were made only when a 

child had difficulty with the routine protocol. The followed 

frequency and intensity sequence is presented in Table 7. 

The first four signals served to familiarize the child with 

the task; 30 dB HL was the initial intensity and it was 

gradually decreased to 20 dB HL. The next six signals were 

considered screening signals. 

The certainty and precision with which each child 

responded to the sequence of pure-tone stimuli was observed, 

and all responses were carefully recorded on the format used 

for that purpose (Appendix D). When certainty and precision 

in a child's responses were questionable, instructions were 

repeated and immediate rescreening took place. If needed, 

the intensity level at a specific frequency was increased 
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until a response was elicited and then the minimum intensity 

level at which the child responded was established. 

Table 7 

Sequence of presentation of pure tones. 

Purpose Ear Frequency Intensity 
in Hz in dB HL 

training right 2,000 30 
right 4,000 30 
left 1,000 30 
left 2,000 25 

screening left 4,000 20 
left 2,000 20 
left 1,000 20 
right 4,000 20 
right 2,000 20 
right 1,000 20 

For pure-tone air-conduction audiometric screening a 

clear and definite response to each test frequency, 1,000, 

2,000 and 4,000 Hz, at 20 dB HL, was considered to be within 

normal limits, according to the criteria suggested in the 

ASHA 1985 and 1990 guidelines. 

When responses from immittance screening as well as 

those from pure-tone screening met the criteria for passing, 

the child was considered to pass the screening. Anyone 

measure or response that did not meet criteria for normalcy 

resulted in an immediate repetition of the test. If abnormal 
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responses persisted, the child was brought back for a second 

screening at the end of the day. 

Rescreening. All children who failed the repetition and 

second screening on the same day, were screened again four 

weeks later. Final rescreening started with repetition of 

task instructions that was followed by otoscopy, imrnittance 

screening and pure-tone screening. Instead of hand- or 

finger- raising, responses to pure-tone audiometric 

screening were changed to placing small plastic pieces into 

a container for all children, to eliminate the type of 

response required as a possible cause of failure. Those 

children whose responses were not within normal limits were 

referred to the CESECO for medical intervention. Those who 

needed audiologic assessment were referred by the staff at 

the CESECO to an audiology service. 

Follow up sessions to instruct teachers and parents 

about educational intervention for those children who have a 

confirmed hearing loss will be provided through the hearing 

conservation program that is being instituted by the staff 

at the CESECO at Santa Barbara, Queretaro. This program will 

also include information about hearing and hearing 

conservation to teachers, to parents and to children. 
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CHAPTER 4 

DATA ANALYSIS AND RESULTS 

The data obtained from the hearing screening process 

were analyzed according to the order of the questions which 

guided this study. All analyzed data correspond to outcomes 

from the first screening of those children who passed, and 

from the same day rescreening of those children who failed 

the first screening, and immediate rescreening. Findings 

from visual inspection are reported first. The 

characteristics of immittance findings and the proportion of 

children who failed immittance screening are then reported. 

The proportion of children who failed pure-tone screening 

only and of those who failed both immittance and pure-tone 

screening follow. Finally a model for a hearing conservation 

program being implemented at the CESECO Santa Barbara is 

explained. 

Results from each screening procedure are analyzed from 

two perspectives. First, data on the 1180 screened ears are 

reported considering the ear as a unit of measure. Following 

this, findings are examined considering each child as the 

unit of measure. 
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Initial Information 

Before screening was started, the history of otalgia 

and/or otorrhea in the children of each school was reviewed. 

This information was gathered by teachers, from their own 

observations as well as from parents. Because of the 

illiteracy or limited schooling of many parents and the 

large number of children in many families, the parents in 

many cases did not remember health and ear histories of the 

screened child, and no written records exist. Nevertheless, 

no recent otorrhea was reported and only 4 children were 

reported with a history of earaches. Children were asked 

about earaches and their responses corresponded with those 

of teachers. 

Visual Inspection 

During direct visual inspection, three of the screened 

subjects had congenital malformations. One girl was born 

without arms. Another girl had a repaired cleft lip and a 

divided uvula; however, she had no evidence of a cleft 

palate. One boy had a very minor folding of the upper part 

of one auricle. All irnrnittance measurements and pure-tone 

audiometric responses of these three children were clearly 

within normal limits. No evidence of head, neck or external 

ear malformation or abnormality was observed in any other 



subject. Many external ears had evident need for cleaning, 

which was also observed in many children. 

On otoscopic visual inspection performed on first 

screening sessions, abundant dark colored cerumen was 

observed in a large proportion of external ear canals. All 

1180 ears were classified in four initial categories 

Table 8 

Amount of cerumen observed in external ear canals. 

Code Right ears Left ears All ears 

n % n % n % - - -

A 159 26.9 144 24.5 303 25.7 
L 254 43.1 271 45.9 525 44.5 
M 121 20.5 123 20.8 244 20.7 

VM 53 9.0 43 7.3 96 8.1 
VM-O 3 0.5 9 1.5 12 1.0 

N 590 100.0 590 100.0 1180 100.0 

Note. Code indicates amount of wax: A absent; L 
some on canal walls; M a good deal; VM excessive, 
can not see eardrum; VM-O occlusion. 

according to the observed amount of cerumen. A fifth 

category was established after full occlusion in 12 ear 

canals was verified through immittance screening. Recall 
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that A, L, M, and VM were used as codes to classify the ears 

according to the amount of cerumen observed. VM-O was added 



once occlusion was verified. The proportion of left and 

right ears classified in each category is presented in 

Table 8. 

Table 9 

Amount of cerumen in ears of urban and rural children 

Code Ears of Ears of All 
urban children rural children ears 

n % n % n % -
A & L 469 73.28 359 66.48 828 70.17 
M & VM 166 26.71 174 33.51 340 28.81 

VM-O 5 0.01 7 0.01 12 1. 02 

N 640 100.00 540 100.00 1180 100.00 

Note. Code indicates amount of wax: A absent; L some 
on canal walls; M a good deal; VM excessive, can not 
see eardrum; VM-O occlusion. 

Table 9 shows the amount of cerumen in the ears of 

100 

urban and rural children and Table 10 summarizes the amount 

of cerumen observed in both ears of each of the 590 

children. This table shows that 351 (59.5%) children had 

both external ear canals clear from cerumen, while 86 

(14.6%) had excessive cerumen or complete occlusion in at 

least one ear canal. No children were found who had both 

ears occluded. In two external ear canals of rural subjects 

cadavers of bugs were found. No other extraneous objects 



were observed. No evidence of perforation, purulent 

discharge or otorrhea was observed in any ear. 

Table 10 

Matrix with cerumen findings in both ears in each 

of 590 screened children on first-day screening. 

Right ears 

A L M VM VM-O n 

L A 114 19 4 7 0 144 
e 
f L 25 193 36 17 0 271 
t 

M 15 28 70 8 2 123 
e 
a VM 4 11 9 18 1 43 
r 
s VM-O 1 3 2 3 0 9 

n 159 254 121 53 3 N 590 

Note. Code indicates amount of wax: A absent; L 
some on canal walls; M a good deal; VM excessive, 
can not see eardrum; VM-O occlusion. Figures 
within the matrix indicate number of children 
with each combination. 
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Summary. From visual direct and otoscopic inspection it 

was found that two subjects had major congenital physical 

malformations and one had a minor malformation; no evidence 

of a relation between these malformations and a hearing loss 

was found. The abundance of cerumen in 14.6% of screened 

children was the most outstanding observation. 
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Immittance Screening 

Data relative to tympanometric shape and pressure peak, 

static admittance, equivalent ear canal volume, and acoustic 

reflex threshold measurements were analyzed. Measures from 

immittance screening were recorded after all questionable or 

clearly abnormal results were repeated immediately and 

double checked by rescreening at the end of the same day. 

The data from the final measures obtained are summarized in 

Tables 11, 12, 13, 14 and 15. 

Tyrnpanometry. Tympanograms were classified in regard to 

their shape as Type A, As, ~, Band C, according to 

Jerger's (1970) classification. The proportion of ears 

classified in each of these categories is presented in Table 

11. Type A tympanograms suggesting normal middle ear 

function were found in 990 (83.9%) of the 1180 ears 

screened. Normal middle ear pressure with limited or 

excessive eardrum mobility (type As and ~ tyrnpanograms) was 

found in 101 (8.6%) of the ears screened, and type C 

tympanograms indicative of high negative pressure frequently 

associated with inadequate Eustachian tube function, and 

type B tympanograms suggesting external ear canal occlusion 

or lack of mobility of the tympanic membrane and middle 

structures were found in 89 (7.5%) ears. This number 



includes 12 ears with external ear canals completely 

occluded by cerumen. 

Table 11 

Tyrnpanograms obtained on first screening session. 

Type Right ears Left ears All ears 

n % n % n % - -

A 487 82.5 503 85.3 990 83.9 
As 57 9.7 35 5.9 92 7.8 
l\i 3 0.5 6 1.0 9 0.8 
B 15 2.5 17 2.9 32 2.7 
C 28 4.8 29 4.9 57 4.8 

N 590 100.0 590 100.0 1180 100.0 

Note. Tyrnpanogram classification taken from Jerger 
(1970) . 

The measures obtained on pressure in the middle ear 

cavity are reported in Table 12. Four categories were 

established for ear classification according to this 

measure. The first category, +50 daPa to -160 daPa, 
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corresponds to a range generally recognized as normal. The 

second category corresponds to a pressure range of -161 daPa 

to -199 daPa. This range is considered by some scholars out 

of normal limits (Hodgson, 1980), although others are 

willing to consider it within normal limits to minimize 

over-referrals. The third category includes a range of 
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pressures that correspond to -200 or greater, concomitant 

with Type C tympanograms. According to ASHA's guidelines, a 

Table 12 

Middle ear cavity pressure measures. 

Pressure Right ears Left ears All ears 

in daPa n % n % n % - -

+50 to -160 527 89.3 527 89.3 1054 89.3 
-161 to -199 20 3.4 17 2.9 37 3.2 
> -200 daPa 28 4.8 29 4.9 57 4.8 
unmeasurable 15 2.5 17 2.9 32 2.7 

N 590 100.0 590 100.0 1180 100.0 

negative pressure of -200 daPa has been set as the cutoff 

point between pass and at risk, determining need for 

rescreening. The fourth category corresponds to Type B 

tympanograms, which have tracings without pressure peaks. It 

should be observed that 89.3% of all screened ears showed 

pressure peak measures within a range of +50 and -160 daPa, 

and 92.5% of all ears were under -200 daPa. 

static admittance. (Peak Y). ASHA's 1990 guidelines 

suggest 0.2 to 0.9 ml as the 90% normalcy range for measures 

of static admittance for 3 to 5 year old children. In 

contrast, the suggested 90% range for adults is 0.3 to 1.4 

mI. No specification of 90% range for 5 to 12 year old 
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children is suggested in ASHA's guidelines. As this age 

range corresponds to the ages of screened children, the full 

0.2 to 1.4 ml range was used as criterion for passing. 

However, over one fourth of all screened ears had static 

admittance at 0.2 ml, which corresponds to the lowest 

measure within the 90% range for children, so a separate 

Table 13 

static admittance measures. 

Admittance Right ears Left ears All ears 

in mI. n % n % n % -

unmeasurable 15 2.5 17 2.9 32 2.7 
0.1 66 11.2 47 8.0 113 9.6 
0.2 160 27.1 145 24.5 305 25.8 

0.3 to 1.4 346 58.6 375 63.6 721 61.1 
1.5 to 2.8 3 0.5 6 1.0 9 0.8 

N 590 100.0 590 100.0 1180 100.0 

Note. Compliance was measured in milliliters (ml) by 
the equipment. This measure is equivalent to 
centimeters (cm3

). 

cubic 

category for this measure was established. Data on static 

admittance were classified therefore in five categories, and 

results are presented in Table 13. 

Equivalent ear canal volume. (VEC). ASHA's guidelines 

(1990) establish the 90% normalcy range for equivalent ear 

canal volume, for children 3 to 5 years of age from 0.4 to 
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1.0 ml, and for adults, from 0.6 to 1.5 mI. Equivalent ear 

canal volume results show that on first screening, three 

ears gave measures smaller than 0.4 mI. These three ears 

gave other measures indicative of wax occlusion. The other 

nine ears with data indicative of wax occlusion had large 

equivalent ear canal volume, but the measure in the occluded 

ear was markedly smaller than in the nonoccluded ear of the 

Table 14 

Equivalent ear canal volume measures. 

Volume Right ears Left ears All ears 

in ml n % n % n % -

< 0.4 0 0.00 3 0.51 3 0.25 
0.4 to 1.0 460 77.97 421 71. 36 881 74.67 
1.1 to 1.5 128 21.69 165 27.96 293 24.83 
1.6 to 2.1 2 0.34 1 0.17 3 0.25 

N 590 100.00 590 100.00 1180 100.00 

Note. The equipment used gives these data in ml, unit 
equivalent to cubic centimeters (cm3

) • 

same child. Equivalent ear canal volumes ranging from 1.5 to 

2.1 ml were found in six ears. None of these six ears had 

other findings that might have suggested a perforation of 

the tympanic membrane. Results are presented in Table 14. 

Acoustic reflex. (AR) To elicit an acoustic reflex, the 

stimulus was set for ipsilateral measurements at 1,000 Hz 
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and 95 and 105 dB HL. The equipment presents first the 

softer tone and automatically goes to the next intensity if 

no reflex is elicited. If no reflex takes place at higher 

intensity either, the display of the equipment shows NR. The 

Table 15 

Acoustic reflex results. 

Reflex Right ears Left ears All 

in dB HL n % n % n - -

95 371 62.9 370 62.7 741 
105 96 16.3 114 19.3 210 

NR 123 20.8 106 18.0 229 

N 590 100.0 590 100.0 1180 

Note. NR stands for no response even at highest 
intensity level. 

ears 

% 

62.8 
17.8 
19.4 

100.0 

observed acoustic reflex responses are shown in Table 15. 

Lack of response to the stimulus presented to elicit the 

acoustic reflex was the only abnormal response found in 96 

ears. 

Combined acoustic immittance measures. Stach and Jerger 

(1991) assert that "Immittance aUdiometry is one of the most 

powerful tools available for the diagnosis of auditory 

disorders" (p. 113), but isolated immittance data are 

ambiguous. Immittance data have to be considered in 
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relationship to each other to be interpreted, and must also 

be related to pure-tone screening results. 

Children with only one abnormal immittance measure, who 

did not have any difficulty with pure-tone screening were 

Table 16 

Immittance screening outcomes of children with only one 

abnormal measure, who passed pure-tone screening. 

Percent 
Immittance Unilateral Both of 590 

measurements right ear left ear ears n children 

No acoustic 
reflex only 41 37 18 96 16.3 

Type As tymp 
Peak Y > 0.1 ml 
& < 0.2 ml 17 9 11 37 6.3 

Type A.:! tymp 
Peak Y > 1. 4 ml 1 2 1 4 0.7 

VEC > 1.5 ml 1 0 1 2 0.3 

Total 60 48 31 139 23.6% 

considered in need of careful observation to determine if 

any follow up recommendation is needed. Table 16 summarizes 

the abnormal findings in these children. 

Findings on children who passed pure-tone screening but 

had abnormal outcomes in more than one acoustic immittance 
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measurement are presented in Table 17, specifying the number 

of children with each combination. Children with occlusion 

were referred for wax removal. No evidence that suggested 

Table 17 

Immittance screening outcomes of children with more than 

one abnormal measure, who passed pure-tone screening. 

Unilateral Both Immittance 
measurements right ear left ear ears 

Type As tymp & no 
acoustic reflex 

Type Act tymp & no 
acoustic reflex 

Type C tympanogram 

Type C tymp & no 
acoustic reflex 

Type B tymp without 
wax occlusion & no 
acoustic reflex 

Wax occlusion & no 
acoustic reflex 

Type B tymp in 
one ear and C in 
other ear 

Total 

8 

o 

4 

3 

1 

2 

18 

5 6 

2 1 

2 3 

4 1 

3 1 

2 o 

4 

18 16 

Percent 
of 590 

n children 

19 3.2 

3 0.5 

9 1.5 

8 1.4 

5 0.8 

4 0.7 

4 0.7 

52 8.8% 
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acute middle ear pathology was observed. All children whose 

results are summarized in Table 17 were rescreened 4 weeks 

later. 

Pure-tone Audiometric Screening 

As suggested in ASHA's 1990 guidelines, pure tones at 

1,000, 2,000 and 4,000 Hz, were used as stimuli for pure-

tone air-conduction audiometric screening. The cutoff 

passing criterion was established at 20 dB HLi no response 

to one frequency at this intensity level was considered as 

Table 18 

Responses of children who failed pure-tone air-

conduction first day final screening, and had normal 

tympanograms. 

Right ears Left ears 
Child Gender Age 1K 2K 4K 1K 2K 4K 

1. M 6 30 
2. M 7 35 70 30 75 
3. M 7 25 30 
4. F 6 25 NM NM NM 
5. M 7 40 
6. M 6 30 25 30 
7. M 8 30 30 30 
8. F 6 25 
9. M 6 30 30 25 

Note. A dash (-) indicates correct response at 20 dB HL 
without difficulty in that ear and frequency. NR stands 
for no response. At 70 dB HL subject # 4 responded to 
sound heard on right side. 
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failure. After initial screening, 20 ears with all 

immittance measures clearly within normal limits, failed 

pure-tone screening. For same day rescreening, instructions 

were carefully repeated to every child and mode of response 

Table 19 

Outcomes of children who failed both immittance 

screening and pure-tone audiometric screening. 

Abnormal immittance measures and mild hearing 1055 

Wax occlusion 

Type B tympanogram 
without occlusion 

Type C tympanogram 

Type As tympanogram 
& no acoustic reflex 

Types B & C 
tympanograms 

other combinations 

Total 

Right Left Both 
ear ear ears 

2 6 o 

3 2 2 

4 3 4 

3 2 o 

6 

o 2 2 

12 15 14 

Percent 
of 590 

n children -

8 1.4 

7 1.2 

11 1.8 

5 0.8 

6 1.0 

4 0.7 

41 6.9% 

was changed from raising a finger to placing plastic pieces 

in a container. Only 14 ears of the initial 20 ears, or 1.2% 

of the total number of ears screened, failed pure-tone 



112 

screening for the second time, on the same day, suggesting 

the presence of a sensorineural hearing loss. This 

represents nine children. Responses from first day final 

screening of the nine children are shown in Table 18. 

Finally 41 (6.9% of total) children failed both 

immittance measures and pure-tone audiometric screening 

after the first day screening and rescreening that same day. 

These results suggests the presence of a conductive or mixed 

hearing loss. Table 19 presents immittance screening 

findings of these 41 children. 

Summary 

To summarize, 590 first grade elementary school 

children were screened for middle ear pathology and hearing 

loss. According to outcomes, children were classified in 

five large groups. Group one includes all children whose 

findings did not indicate any problem. Group two includes 

children who had only one immittance measure out of normal 

limits while all other measures were clearly within normal 

limits. Groups three, four and five include all children 

whose results indicated risk for middle ear pathology and/or 

a hearing loss. Children classified in group three had 

several immittance indicators that place them at risk for 

middle ear pathology; those in group four are at risk for a 
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sensorineural hearing loss, and those in group five are at 

risk for a conductive or mixed hearing loss. Table 20 

Table 20 

Number and proportion of children per group, classified 

according to irnmittance and pure tone screening outcomes. 

Group 

1 

2 

3 

4 

5 

N 

Characteristics 

All irnmittance and pure 
-tone measures normal 

One abnormal immittance 
measure only 

More than one abnormal 
immittance measure; pure 
tone normal 

Normal tympanograms, failed 
pure-tone screening 

Failed both irnmittance 
and pure-tone screening 

n % 

349 59.2 

139 23.6 

52 8.8 

9 1.5 

41 6.9 

590 100.0 

presents number of children and proportions placed in each 

group after the first screening and rescreening sessions. 

Table 21 shows the proportion of children in each one of 

groups 3, 4 and 5, relative to the number of children that 

were screened in each school. 
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All children in groups 3, 4 and 5 went through complete 

rescreening four weeks after the initial screening. Results 

from the rescreening 4 weeks later show that the 9 children 

Table 21 

Proportion of children considered as failing, in relation 

to the total number of children in each school. 

Number of Children with Percent 
children abnormal measures per 

School Locat. per school 3 4 5 school 

1 rural 20 1 3 20.0 
2 rural 8 0.0 
3 rural 63 6 7 20.6 
4 rural 43 8 5 30.0 
5 rural 48 7 2 1 20.8 
61 urban 73 6 1 11 24.6 
7 rural 31 1 1 6.4 
82 urban 35 1 2 8.6 
93 urban 70 3 2 2 10.0 

103 urban 38 2 1 1 10.5 
111 urban 66 9 1 6 24.2 
122 urban 38 1 2 7.9 
13 rural 57 7 2 15.8 

N 590 52 9 41 

Note. Subscripts indicate each pair of urban schools 
located in the same building. Percentage is relative to 
the number of children screened in each school. 

in group 4, who were at risk for sensorineural hearing loss 

showed no change. Of the 93 children classified in groups 3 

and 5, 30 (32%) had similar abnormal results, and in other 

three cases (3%) the measures indicated a greater problem. 
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The remaining 61 (65%) children showed measures back within 

normal limits. 

Hearing Conservation Model for School Zone # 34 

As has been explained earlier, the purpose of auditory 

screening in school-age children is the detection of those 

children who are at risk for a health and/or sensory problem 

in the hearing system, which might not have been identified 

without formal testing. Further such problems may adversely 

affect the rate of learning and performance in school 

(Barrett, 1985; Roush, 1992). Agreeing with other authors 

previously cited, Konkle and Jacobson (1991) point out that 

"detection of an impairment without effective and adequate 

intervention represents an unjust and perhaps an unethical 

practice" (p. 479). Therefore a hearing screening program 

needs to be part of a comprehensive hearing conservation 

program which should include follow up medical and/or 

audiological assessment as well as appropriate educational 

intervention. 

To complement the objective of this investigation, 

authorities of the CESECO made the commitment to establish 

and promote a hearing conservation program that would serve 

the children in the public elementary schools of zone 34 in 

Santa Barbara, Queretaro. These authorities are also 



interested in becoming a model for hearing conservation 

programs in that city with a projection to other areas in 

the country. 
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The hearing conservation program proposed and partially 

implemented at the CESECO includes three main components: 

1. Services to be provided on school premises. These 

services include otoscopic inspection, cerumen removal, and 

guidance to teachers relative to classroom management of 

children who have a hearing loss. In the future hearing 

screening will be included. 

2. Services to be provided on CESECO's premises. The 

multidisciplinary team at the CESECO is able to provide 

medical intervention for external and middle ear pathology, 

assessment of speech and language development of children 

who have a hearing loss, appropriate intervention if a 

speech/language delay exists, educational intervention for 

those children who are at risk for academic failure, and 

parent counseling. 

3. Guidance in receiving additional services as needed. 

These services include full audiologic assessment and 

intervention provided by specialists in the city of 

Queretaro who own appropriate sound proof rooms and the 

necessary audiometric equipment. 



117 

Among the members of the staff at CESECO, a school 

health care team exists. A physician and a nurse constitute 

this team whose main task has been to immunize every child 

in each public school in zone # 34 against childhood 

diseases and to provide them with medication to free them 

from parasites such as amebas and intestinal worms. Once a 

year they visit each school. The medical director of the 

CESECO is guiding members of this team to incorporate 

otoscopic inspection of all children and to remove cerumen 

and/or foreign objects from external ear canals of those 

children who need it. 

School directors and teachers have been instructed to 

report to the members of the health care team all children 

who have otalgia and/or otorrhea, and those who do not seem 

to be hearing well. Roeser and Northern (1988) list 

behaviors such as request for frequent repetition, turning 

of one side of head toward speaker, loud or slow speech, 

close watching of lips, frequent misunderstandings and 

speech and language problems as some possible indicators of 

a hearing loss. These authors also list physical signs and 

symptoms such as otorrhea, otalgia, dizziness and complaint 

of tinnitus as possible indicators of a hearing loss. When 

the health care team is not scheduled for a school visit, 
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school directors have been instructed to refer any case of 

otalgia, otorrhea or questionable response to sound to the 

CESECO. Here the child goes through identification screening 

and medical revision. 

Hearing screening on school premises will eventually be 

implemented. The appropriation of money to purchase the 

necessary equipment for this purpose has to be secured. 

Currently only the equipment received as a donation for this 

investigation exists. This equipment has been designated for 

permanent use in ongoing hearing screening of cases referred 

to the CESECO premises. 

Concomitant with the medical, audiological and 

educational services available for children, a comprehensive 

inservice educational program has been proposed for school 

personnel. The inservice course proposed for directors and 

teachers include: 

1. Brief explanation of the anatomy of the human 

ear and its basic physiology. 

2. Basic information of acoustic characteristics of 

sound stimuli including speech. 

3. Basic information on characteristics of conductive 

and mild to moderate sensorineural hearing losses 

and their adverse effects on the child's 



development. 

4. Information about children's behaviors that might 

suggest the presence of a hearing loss. 
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5. Information about physical signs and symptoms that 

might indicate the presence of middle ear pathology 

and/or a hearing loss. 

6. Suggestions on how to refer a child for appropriate 

medical, audiological and educational intervention. 

7. Information about different needs of children 

according to type and degree of hearing loss and/or 

ear pathology. 

8. Basic information about classroom acoustics. 

9. Recommendations for classroom management strategies 

with children who have a confirmed hearing loss. 

Parent information programs about normal hearing and 

hearing loss also are being considered. Lastly general 

information disseminated to the public through communication 

media and visual displays is being proposed. 



CHAPTER 5 

DISCUSSION AND CONCLUSIONS 
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Intact hearing has been recognized as a prerequisite to 

normal language acquisition and to normal cognitive 

development (ASHA, 1993; Matkin, 1986; Northern & Downs, 

1991). The relationship between milder degrees of hearing 

losses and delays in linguistic and cognitive skills has 

been well documented. Also the negative impact on emotional 

and social development as well as upon academic performance 

has been acknowledged (Berg, 1986; Roeser & Downs, 1988). 

In countries such as the United States, hearing 

screening programs for school-age children have become 

relevant components of hearing conservation programs. Their 

objective is to prevent or minimize the effects of ear 

pathology and of hearing loss among school-age children. 

In Mexico, the relevance of intact hearing for adequate 

development and learning has only been recognized by a few 

professionals. Elementary school-age children seldom have 

their hearing screened. Public school hearing conservation 

programs are nonexistent and middle ear pathology is 

frequently found only after evident health problems develop 

(Arriaga et ale 1990). 
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The prevalence of middle ear pathology and hearing loss 

among Mexican school-age children has not been documented. 

Their hearing status is unknown as well (Fernandez et al. 

1991). Significance is often inferred from incidence and 

prevalence figures provided by international organizations 

such as the World Health Organization. These inferences 

generate very diverse and unreliable approximations 

(Fernandez et al. 1991; Lopez et al. 1988). 

This investigation was designed to determine the 

prevalence of middle ear pathology and/or hearing loss in a 

group of first grade public elementary school Mexican 

children, and to propose a hearing conservation model for 

elementary school-age children in Mexico. The studied 

population consisted of 590 first grade elementary public 

school students from school zone # 34 in the city of 

Queretaro, Mexico. 

According to the specific questions which guided this 

study the researcher looked first at the general condition 

of the children's ears as determined by visual and otoscopic 

inspection. Finding the proportion of children who failed 

only irnrnittance screening, and the characteristics of these 

children's results was next. Determining the proportion of 

children who failed pure-tone screening only and the 
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proportion of children who failed both immittance and pure

tone screening followed. Finally a model for a hearing 

conservation program for first grade elementary school 

children in Mexico was developed and its implementation 

started. 

Initial Information 

Information about recent history of otalgia and/or 

otorrhea was obtained for only four cases. Two important 

facts became evident; first, the illiteracy or limited 

schooling of many parents and second, the numerous children 

in many families. In many cases, parents did not remember 

health and ear histories of the screened child and no 

written records exist. Nevertheless otoscopic observation as 

well as immittance findings suggest that the history of 

acute otitis media and/or of perforated eardrums was 

infrequent. That probably explains why parents did not 

remember many such episodes related to the screened 

children. 

Findings from Visual Inspection 

During direct visual inspection, lack of cleanliness 

and abundant dark colored cerumen were two outstanding 

observations in approximately one third of the screened 

population. Excessive cerumen was observed through otoscopic 
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inspection in roughly 9% of the ears screened, and enough 

cerumen to impede visualization of the tympanic membrane in 

another 21%. 

In 12 ears, complete occlusion by cerumen was present; 

eight of these ears had pure-tone responses that suggested a 

concomitant conductive hearing loss, a finding consistent 

with Ginsberg and White's (1978) assertion that impacted 

cerumen can cause as much as a 40 dB hearing loss which can 

be of sudden onset. 

All children with occluded ears were immediately 

referred for cerumen removal to the CESECO but not all 

parents were able to take their children there. Those 

children who had cerumen removed from their ears prior to 

the rescreening 4 weeks later responded at 20 dB HL at 

1,000, 2,000 and 4,000 Hz without difficulty. When these 

children were asked about their feelings related to the 

screening process and the care received afterward, they 

reported great relief and better hearing after their ears 

were cleaned. These observations are concordant with 

Pituch's (1990), and Ballachanda and Peers' (1992) 

statement. These authors state that the presence of 

excessive cerumen in the external ear canal may cause 

tinnitus, pain and/or a feeling of fullness in the ear, all 



124 

conditions that disappear after cerumen is removed. Some of 

the unanswered questions related to this problem are, the 

length of time that the occluded ears of these children had 

been in that condition, the frequency with which ears of 

some of the screened children get occluded and the frequency 

and severity with which sudden and/or fluctuating hearing 

losses concomitant to these occlusions take place. 

The presence of excessive cerumen in the ear canal was 

somewhat more prevalent in rural children (34%) than in 

urban children (27%). S. Moctezurna (personal communication, 

April, 1995) director of the CESECO, asserts that cerumen is 

a natural defense of the ear against a dusty environment, 

and that the cerumen build up originates in the absence of 

running water in many of the rural children's homes. People 

who live in homes without running water wash by throwing 

water over themselves with a bowl. According to Moctezuma, 

this amount of water may not wash away the cerumen 

accumulation. 

Yet, when cerumen findings were compared with those 

observed by Mosqueda and Amigo (personal communication, May, 

1992) in children attending private schools mostly in Mexico 

City, similar amounts of cerumen are reported. These 

children corne from middle and upper socioeconomic groups; 
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they have running water at home, and are subject to periodic 

medical examinations. This findings could suggest that the 

presence of cerumen in the ears of Mexican children is more 

abundant than in other children, a suggestion that needs to 

be further investigated. The importance that some physicians 

place on removal of cerumen should also be questioned. S. 

Jaime (personal communication, January, 1996) a physician 

with long experience with public health services in Mexico, 

stated concern about the frequency with which the tympanic 

membrane is ruptured during removal of cerumen by personnel 

in Mexican public health services. He suggests a careful 

review of cerumen management by the Mexican medical 

community. 

Visual inspections confirmed the absence of otorrhea or 

any type of discharge from the external ear canals, even 

though the presence of pathological conditions in external 

as well as middle ears was expected in at least some of the 

children. 

Given the prevalence of cerumen in the ears of the 

children who were screened, it is worth stressing the 

assertion made by Gravel et ale (1995) who point out the 

need to include recommendations about careful inspection of 

the external ear canal within hearing screening protocols. 



These authors suggest also the need to set parameters and 

standards for external ear assessment and management. 

outcomes from Irnrnittance Screening 
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Of the 590 children screened, 349 (59.15%) showed 

normal outcomes from irnrnittance as well as from pure-tone 

screening. Additionally 139 (23.6%) children were considered 

as passing the screening even though they had one abnormal 

irnrnittance measure. These children passed the pure-tone 

screening at 20 dB HL without difficulty. All other measures 

obtained from these children were clearly within normal 

limits, therefore they were not rescreened later nor were 

they referred for further assessment. 

Nevertheless analysis of the results of these 139 

children show that 96 of them had no acoustic reflex 

elicited either in one or in both ears at 105 dB HL. As 

Feldman (1978), as well as Northern and Downs (1991), point 

out, the acoustic reflex threshold measurement reflects the 

condition of the entire peripheral auditory system and is 

affected by a diversity of conditions including 

developmental factors. The relationship between absence of 

the acoustic reflex and middle ear pathology has not been 

clearly demonstrated, but Jerger, Burney, Mauldin and Crump 

(1974) suggest that the presence of an air-bone gap as small 
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as 10 dB could prevent the acoustic reflex from occurring. 

This factor should also be carefully studied in Mexican 

children. 

Roush et ale (1992) advise eliminating acoustic reflex 

from the screening protocol, a suggestion also given in 

ASHA's 1990 guidelines. Therefore, these 96 children were 

not classified as at risk for middle ear pathology. 

Nevertheless a large scale study of the conditions in which 

the acoustic reflex is elicited in Mexican children is 

recommended. 

Further analysis of the irnrnittance results of those 139 

children reveals that 37 (6.3% of all screened children) had 

low static admittance, equal to 0.1 ml, concurrent with an 

As tympanogram, either in one or in both ears. Hodgson 

(1980) points out that an As tympanogram indicates stiffness 

of the middle ear mechanism, but stach and Jerger (1991) 

consider that static immittance is a measure that is highly 

variable among individuals and therefore should not be used 

in isolation to determine middle ear status. ASHA's 1990 

guidelines indicate that a static admittance measure under 

0.2 ml in children, without other abnormal immittance 

findings, mayor may not be associated with middle ear 
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disorders and should be carefully monitored to determine if 

referral for medical attention is needed. 

It must be pointed out that 122 (35%) of the 349 

children with all measurements considered within normal 

limits had 0.2 ml, and in 38% of these 122 children this 

measure was obtained in both ears. Thus almost 27% of the 

total number of screened children had static admittance 

measures either at the lowest 90% range limit given in 

ASHA's 1990 guidelines for 3 to 5 year old children, or 

below. Given this information, the validity of this range 

for Mexican children should be questioned. Obtaining a range 

and a mean for static admittance measurements in large 

groups of Mexican children is recommended. 

Finally, of the 139 children with one abnormal 

immittance measure, only four had an ~ tympanogram, 

concomitant with abnormally high static admittance. This 

type of tympanogram might indicate a flaccid tympanic 

membrane that may result from repeated ruptures and scarring 

related to suppurative otitis media. This result confirms 

again the low frequency of repeated suppurative otitis media 

in the children who were screened. Two of these children had 

an abnormally large ear canal volume but the absence of 

other indicators of ear pathology suggest that this large 



value corresponds to a specific characteristic of their 

external ear canals. 

129 

Nevertheless, careful study of irnrnittance measures with 

Mexican children is suggested. These measures should also be 

correlated with results from the otological assessment of 

middle ear conditions. In addition, the pure-tone 

audiometric results by both air and bone conduction should 

be used to determine, as validly and reliably as possible, 

the conditions of these children's ears and the 

applicability of standards on static admittance suggested by 

ASHA's guidelines to this population. 

Of the 590 children screened, data on 102 children 

indicate risk for an abnormal condition. Two or more 

abnormal irnrnittance measures were obtained from 93 (15.8% of 

the total) children. Fifty two children responded to all 

screened pure-tone frequencies at 20 dB HL without any 

difficulty, while 41 did not respond to at least one 

screened frequency at 20 dB HL, suggesting the presence of a 

concomitant hearing loss. This hearing loss was probably 

conductive in most cases. Tables 17 and 19 in chapter 4 

provide details about irnrnittance findings on these 93 

children. The 15.8% of children classified in this group is 

four times the 4% of 7 and 8 year old children with otitis 
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media reported by Downs (1988). Some of the differences in 

the proportion of subjects with abnormal immittance results 

could be partially explained by the younger age of the 

Mexican children screened; 63% of them were 6 years old and 

less than 1% were 5 years old. Nevertheless the 15.8% 

finding also exceeds the 15% of Hawaiian 4 year old children 

who failed initial screening reported by Pang-Ching et al. 

(1995). The mean age of the Mexican children was 6.5 years, 

therefore the possibility of a higher incidence and 

prevalence of otitis media in Hispanic children (Martin, 

1981), and in children from lower socioeconomic status 

groups (Feagans et al. 1988) needs to be considered. Further 

research with different populations in Mexico needs to be 

completed to confirm this finding. 

It seems relevant to point out that almost 60% of the 

children who failed immittance screening would not have been 

identified at risk for middle ear pathology with pure-tone 

screening only. This proportion is higher than that 

suggested either by Northern and Downs (1991) or by Roush 

(1992) and emphasizes the need for screening to include 

immittance measurements and pure tone screening. 

All 93 children who failed immittance screening were 

rescreened 3 to 4 weeks later. Abnormal irnmittance measures 
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persisted ~n only 30 children (5.1% of the total sample). 

Two out of every three children identified at risk for 

middle ear pathology on first screening, probably had 

transient middle ear pathology which remitted spontaneously; 

a few may have received medical attention, a factor which 

could not be controlled. An important question that needs in 

depth research is the incidence and prevalence of transient 

middle ear effusion in these children, and the frequency 

with which these children might be facing mild, but 

fluctuating, hearing loss. 

An important finding was the variability in the 

proportion of children identified at risk for middle ear 

pathology in schools from different communities. Table 21 in 

chapter 4 shows for example that, while in one rural school 

the proportion of children with abnormal immittance and 

pure-tone findings was as high as 30% (school 4), another 

rural school only a few miles away had a proportion of 6.4% 

(school 7). The same phenomenon was observed in city 

schools. While a pair of city schools (schools 9 and 10) 

using the same school building at different shifts (morning 

and afternoon) had over 10% of children with abnormal 

findings, another pair of city schools (schools 6 and 11) 

distant some four miles from the first pair had over 24% of 
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such children. It should be noted that each school serves 

exclusively those children who live in the community where 

the school is located. Therefore the schools that use the 

same buildings serve the children from that one community. 

Several factors were considered to account for these 

differences. The time of year when screening took place does 

not seem to be related to these differences. In paired city 

schools screening took place several weeks apart, and 

findings were similar. On the other hand, in schools such as 

numbers 4 and 7 screening took place in the same week and 

outcomes were very different. 

One specific factor that seemed relevant is kinship 

among the children from each community. On examination of 

the father's and mother's surnames (in Mexico each 

individual's official name has to include both) of each 

child as compared to the surnames of his/her classmates, 

great repetition was observed. This suggests that many 

children from each community could be members of the same 

extended families. This kinship phenomenon in each community 

was confirmed by the teachers. Therefore, middle ear 

pathology and the variations from community to community 

could be related to family genetic trends. This needs to be 
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carefully studied, especially in larger numbers of subjects 

representative of different communities. 

Immittance findings confirmed the absence of perforated 

tympanic membranes. This result was consistent with the 

absence of otalgia and otorrhea observed. The small 

proportion (0.8% of total number) of ears found with type ~ 

tympanograms among the children in Queretaro is also 

consistent with these findings. This might explain the small 

number of children reported as having a history of earaches 

and ear drainage. Thus these data may lead to suspect that 

acute suppurative otitis media is rather infrequent among 

the first grade children in these communities. 

This finding was surprising to the researcher. In 

previous clinical experience with children who lived in 

Mexico City, perforated tympanic membranes and otorrhea was 

one of the frequent problems encountered. Mothers of some of 

these children reported long term drainage. A physician 

consulted about the problem (E. Deutsch, personal 

communication, 1986), director of ear, nose and throat 

services in a major public children's health institution in 

Mexico City at that time stated that there was a high 

prevalence of acute suppurative middle ear pathology. 

Ruptured tympanic membranes with otorrhea that became 
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chronic in children were frequent. He added that long 

waiting lists for medical attention existed, therefore, some 

cases had to wait up to two years for medical intervention. 

This unexpected finding brings up a challenging 

question for future research. Is there a relationship 

between this low frequency of acute suppurative otitis media 

and some common everyday practices in the studied 

communities in Queretaro? Is breast feeding a important 

factor? Is the diet a related factor? Is there something 

endogenous to these children that prevents them from having 

this ear pathology? What role is played by the relative 

absence of contamination in their environment? The children 

who were screened live in a place where pollution from 

industry and vehicle emissions is minimal; noise pollution 

is limited as well. They are exposed mostly to dust picked 

up by the frequent windy conditions that exist in that 

geographic area and the dryness prevalent during 10 months 

of the year. In comparison, children who live in the 

metropolitan areas such as Mexico City, are immersed in 

severe atmospheric contamination and noise pollution. A 

careful study of the impact of these diverse factors and 

conditions is recommended. 
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outcomes from Pure-tone Screening 

Data from pure-tone screening presented in Table 18, 

chapter 4 indicate that only nine children or 1.5% of the 

children screened had normal tyrnpanograms but failed pure

tone screening at the 20 dB HL screening level. These 

results were confirmed four weeks later. Data suggesting 

unilateral hearing loss were obtained in five (0.8%) 

children while a bilateral problem seemed to exist in the 

other four (0.7%) children. Data for one boy suggest a 

significant bilateral high frequency hearing loss. Data for 

one girl suggest a significant unilateral profound hearing 

loss in the right ear witp a slight high frequency hearing 

loss in the left ear. When the findings for these nine 

children are compared with those reported by Hull et al., 

(1971) who used a 25 dB HL cutoff limit, a smaller 

proportion of children in Queretaro were identified at risk 

for significant sensorineural hearing losses. Hull found 

1.9% of children with a unilateral and 0.7% with a bilateral 

hearing loss. The analysis of these results brings up 

another set of questions: Do the data from this study truly 

reflect the proportion of children with mild sensorineural 

hearing losses that exist among the first grade children in 

the studied communities? It brings up the question of where 
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were those children who would be traditionally classified as 

hard of hearing. Were they kept out of school because of 

speech and/or language delay? Were they kept at home? Were 

they in other educational services of which the researcher 

was not aware? 

In addition to the nine children who failed pure/-tone 

screening only, 41 of the 590 children screened failed 

immittance as well as pure-tone screening. These 50 children 

constitute roughly 8.5% of the total screened population who 

were not able to detect the 20 dB HL signal in at least one 

of the 1,000, 2,000 and 4,000 Hz tones used for screening, 

in at least one ear, and were therefore identified at risk 

for a hearing loss. This proportion is also smaller than the 

10 to 15% reported by Northern and Downs (1991). 

Nevertheless, if compared to the 5% reported by the Ad 

Hoc Committee on Service Delivery in the Schools (ASHA, 

1993) the 50 children or 8.5% of the total population 

screened for this study constitute a larger proportion of 

children with a hearing loss. As explained earlier, data 

suggest that in 37 of these children the hearing loss was 

conductive. 

In an initial attempt to examine whether ear pathology 

and hearing loss could be factors related to poor academic 
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performance in Mexican children as has been documented in 

children from other countries, teachers if these children 

were asked to complete the Screening Instrument for 

Targeting Educational Risk (SIFTER) (Anderson, 1989), 

Spanish version, for each child. As responses were analyzed 

it was observed that the behaviors reported by American 

teachers as indicative of risk of a hearing loss were not 

similar to the responses of the Mexican teachers. Mexican 

teachers perceive behaviors such as sitting still and 

receiving information without much overt responding and 

participation as positive behaviors. Therefore, the use of 

this instrument was considered invalid for Mexican schools. 

However, the list of children who failed first grade was 

obtained from the SEP supervisor at the end of the school 

year instead. 

Information of children who failed was compared to the 

screening outcomes. Results show that of the 590 children 

screened, 96 (16.3%) children had such poor academic 

outcomes that they were not promoted to second grade in 

spite of the instructions from SEP authorities to keep to a 

minimum the number of children retained. In contrast, the 

failure rate in Tucson, is close to 2% across grades. 
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It was observed that of the 96 children who failed 

academically at the end of the school year, one had failed 

pure-tone screening (subject # 2 in Table 18). Of the other 

95 children, 57 (60%) had also failed immittance screening 

or immittance and pure-tone screening during the first 

screening and same day rescreening sessions. Many of these 

children may have had fluctuating hearing losses. 

These results suggest the urgent need to document the 

negative impact that hearing loss, middle ear pathology and 

the presence of excessive cerumen in external ear canals may 

be having on the educational outcomes of some children 

throughout Mexico. The possibility of this relationship 

needs thorough investigation. In the meantime evidence 

suggests an urgent need to implement hearing conservation 

programs for school-age children in Mexico. Care of 

children's ears and monitoring of their hearing should be an 

important priority by educational and health authorities. 

Hearing Conservation Model for School Zone # 34 

The hearing screening research here reported was 

welcomed at the CESECO. The proposal of a hearing 

conservation program to be instituted at the CESECO as a 

model to be assessed was received with enthusiasm. It is the 

objective of the CESECO to become a model institution in 
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medical, psychological and educational services to the 

community. The structure and objectives of CESECO 

facilitated the staff's understanding of the hearing 

conservation program, its' objectives and its' benefit to 

the community. The relationship between CESECO and the UAQ, 

and the mutually supportive relationship already established 

with the local educational sector provided an appropriate 

infrastructure within which the proposed hearing 

conservation program fitted with ease. 

The hearing conservation program proposed in chapter 4, 

was very ambitious considering the economic crisis in the 

Mexican nation for the last two decades. Therefore the 

components of the hearing conservation model for first grade 

elementary school students, that were implemented at the 

CESECO, are less demanding of time and money. These consist 

of: 

1. otoscopic inspection. This inspection will be 

performed on a regular basis by the school health team 

composed of a physician and at least one nurse. Within their 

immunization and deparasiting endeavors they are 

incorporating otoscopic inspection and removal of cerumen 

when needed. This team will also refer to the CESECO any 
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child in need of treatment for acute external or middle ear 

pathology or any other ear related problem. 

2. Teachers' and parents' participation. Building up 

teachers' awareness of observable behaviors as well as of 

observable physical signs and symptoms that might lead to 

suspect a possible ear pathology or hearing loss has been 

considered as very important. Any child whom the teacher 

suspects as having hearing difficulties is being referred to 

the CESECO for medical examination, for screening and for 

follow up services. Parents are also being informed of 

behaviors and symptoms that may indicate risk for a hearing 

loss, and are invited to discuss any problems they suspect 

the child may have with his/her hearing. 

3. Irnmittance and pure-tone screening is taking place 

on CESECO premises with the equipment which was used for the 

research here reported. This equipment was donated for use 

at CESECO once the research was concluded. Even though the 

equipment allows hearing assessment beyond mere screening, 

and a quiet place has been designated for its use, no sound 

proof room exists, precluding the possibility of more in 

depth audiological assessment. 

4. Children whose results suggest the need for medical 

intervention, are referred to the ear, nose and throat 



medical specialists who are members of the staff at the 

CESECO. 
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5. Children whose results suggest the need for further 

audiological assessment are referred to special clinics 

where appropriate audiological equipment, facilities and 

personnel exist. 

In the meantime the director of CESECO is preparing a 

proposal to obtain funding for equipment needed to implement 

an ongoing auditory screening program on school premises. 

Also search has began for funding to include a sound proof 

room with all the necessary equipment for complete 

audiological assessments in future facilities at the CESECO. 

Conclusion 

To conclude, the primary purpose of this study was to 

to determine the prevalence of middle ear pathology and to 

assess the hearing status of 590 children attending first 

grade public schools in school zone # 34 in Queretaro, 

Mexico. 

From the figures presented in this investigation it can 

be concluded that the condition of the ears of the first 

grade elementary public school children screened in school 

zone 34, in Queretaro, could be considered roughly 

comparable to those documented in the United states, when 
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similar cutoff criteria were used. Results suggest that the 

presence of chronic or recurrent serous otitis media is 

possibly the most frequent cause of hearing loss, although 

accumulation of cerumen needs to also be considered a threat 

to Mexican children's hearing. Nevertheless, a result that 

stands out is the limited number of children identified at 

risk for sensorineural hearing loss. It is highly desirable 

to look for information relative to the presence of mild and 

moderate sensorineural hearing losses in other school-age 

populations of the studied communities, and in children of 

similar ages in other urban as well as rural communities. 

The key person who made this research possible was the 

SEP school supervisor. She was the person who perceived the 

hearing screening as an important opportunity to find out 

about the children's ear and hearing condition. She was also 

the person who opened the doors to the SEP schools of zone # 

34 in Queretaro, and the one who could give all the 

instructions needed to get the cooperation from directors, 

teachers and parents. The participation of the SEP 

supervisor may also be the way to gain interest relative to 

hearing conservation programs from higher SEP authorities. 

The study here reported constitutes an important 

attempt to assess the condition of ears and hearing of first 
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grade school children in a single Mexican school zone. The 

data here obtained are not generalizable to other 

populations unless this study is replicated in a diversity 

of sample populations. Therefore it is desirable to 

replicate this study in other rural areas where children may 

not have access to medical, psychological and educational 

services such as those provided by the CESECO. Different 

groups from metropolitan areas should also be studied, as 

well as indigenous children, children both older and younger 

than the children in this study, and children from other 

socioeconomic levels. The impact of factors such as air 

pollution on the middle ear conditions and noise pollution 

on hearing of Mexican school-age children also needs to be 

documented. 

The children who failed the screening need to have 

their speech and language skills assessed and these results 

need to be compared to their classmates who had normal 

screening outcomes. They also need to be followed for long 

term assessment of the impact of their fluctuating hearing 

losses on academic performance. The impact that appropriate 

management of their middle ear pathologies and/or hearing 

losses as well as the impact of educational intervention 



implemented after identification, on academic performance 

should also be carefully followed. 
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Finally the short term and long term impact of the 

hearing conservation model implemented at the CESECO on the 

academic performance on the children who are identified as 

having a hearing loss needs to be recorded and analyzed. An 

ongoing assessment of the impact that prevention and 

management of impacted cerumen, of middle ear pathology and 

of mild to moderate hearing losses has on the educational 

outcomes of the children in school-district # 34 in 

Queretaro needs to be implemented. 
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APPENDIX A 

SCREENING EQUIPMENT SPECIFICATIONS AND FEATURES 

An American E1ectromedics Corporation portable 
tympanometry and audiometry unit, Model AE 206, was used for 
screening. This equipment has the following specifications, 
according to the user's manual: 

PROBE TONE: Frequency: 226 Hz +/- 1% 
Level: 85 dB SPL constant. 

TYMPANOMETRY TESTS: Pressure Range: +200 to -400 daPa 
(Pressure stops at -200 daPa past peak) . 

Accuracy: +/-15% or +/- -5daPa, 
whichever is greater. 
Sweep Rate: 400 daPa/sec. 
Test Time: Approximately 1 sec. 
Compliance Range: 0 to 8 m1. 
Resolution: 0.031 mI. 
Tymp Range: Display automatically 
selects range based on peak compliance. 
0.20 to + 1.00 mI. 
0.20 to + 2.00 mI. 
0.20 to + 3.00 mI. 

REFLEX TEST: Pressure: Automatically set to peak 
value of tympanogram. 
Reflex Frequencies: Programmable to 
operator's choice. They were programmed 
ipsilaterally at 1K. 
Reflex Levels: Programmable to 
operator's choice. They were programmed 
ipsilaterally at 95 and 105 dB HL. 
Note: During reflex test, the unit will 
start with the lowest level and will 
automatically stop at the level at which 
a reflex is detected. 
Test time: 2 to 55 seconds depending on 
number of tests and frequencies 
selected. 

AUDIOMETER TEST: Frequency: Programmable to operator's 
choice. 1k, 2k and 4k were programmed. 



PRINTER: 

DIMENSIONS: 

STANDARDS: 

ACCESSORIES: 

WARRANTY: 

Level: 0 to 85 dB HL (5 dB step 
increments) . 
Headphones: TDH-39. 
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Extremely quiet thermal printer that 
will print out a two-line 30 
character/line header which can be used 
for facility/doctor name and telephone 
number or any other information the 
customer wishes. 

Width: 16" x Depth: 12" x Height: 4" 
Weight: 12 pounds. 

Meets all ANSI S3.6-1969, ISO 389-1975, 
IEC 645-1979 and ANSI S3.39-1987 
standards. Was calibrated just prior to 
purchase. 

5 Set Eartip Kit. 
Cleaning Kit. 
Printer Paper. 
Headset 

One year. 

FEATURES OF THE AE206 TYMPANOMETER 

1. One second tympanometry for fast, accurate testing. 

2. "Super Twist" Liquid Crystal Display gives immediate 
visual indication of test results. 

3. Hand held probe has a non-inserting tip. Two LED 
indicators provide instant testing status, allowing the 
operator to concentrate on the test subject rather than the 
instrument. 

The AE 206 allows the operator to program the instrument to 
perform the test as he/she wishes. 
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APPENDIX B 

SAMPLE PARENTAL CONSENT FORM 

"HEARING STATUS OF FIRST GRADE ELEMENTARY PUBLIC SCHOOL 
CHILDREN IN A MEXICAN TOWN" 

I am being asked to read the following material to ensure 
that I am informed of the nature of this research study and 
of how I and my child will participate in it; if I consent 
to do so, signing this form will indicate that I have been 
so informed and that I give my consent prior to 
participation in this research study so that I can know the 
nature an the risks of me and my child's participation and 
can decide to participate or not participate in a free an 
informed manner. 
PURPOSE 
My child and I are being invited to voluntarily participate 
in the above titled research project. The purpose of this 
project is to determine the hearing status of first grade 
elementary public school children in the school zone # 034 
in Villa Corregidora, Queretaro. 
SELECTION CRITERIA 
My child and I are being invited to participate because my 
child attends first grade in the public schools of school 
zone # 034 in Villa Corregidora, Queretaro. Approximately 
620 children will be enrolled in this study. 
STANDARD TREATMENT 
If I opt not to participate in the research, my child can 
receive the same hearing screening as the other children but 
data obtained from my child will not be used in the study. 
PROCEDURE 
If I agree to participate, a hearing screening, according to 
American Speech-Language-Hearing Association (ASHA) 
standards and guidelines will be conducted for my child and 
I will be asked to allow the researcher to a) observe 
through an otoscope, his/her external auditory canal of both 
ears; b) do impedance testing on my child to asses the 
conditions of the middle ear; c) do hearing screening on my 
child with pure tones presented through earphones at 1000, 
2000 and 4000 Hz, at a 20 dB intensity level. A record of 
all the child's responses will be kept. The full screening 
of each child will take approximately 10 minutes. I will be 
asked to respond to a short questionnaire about my child. 
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RISKS 
The procedures followed are non-invasive, therefore my child 
will not be subject to any pain, discomfort or risks of any 
kind. 
BENEFITS 
The researcher will share with me the results of the 
screening. If my child fails the screening, he/she will be 
referred to appropriate services in the health clinics of 
the community. 
CONFIDENTIALITY 
Only the school authorities, the medical staff at the CESECO 
and the researcher will have access to the obtained data. 
PARTICIPATION COSTS 
There will be no monetary expenses to me or my child. The 
screening will take between 10-15 minutes per child. 
I can obtain further information from Georgina Reich. If I 
have questions concerning my rights as a research subject, I 
may call the Human Subjects Committee office at (520) 626-
6721. 
AUTHORIZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO 
ME AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I 
MAY ASK QUESTIONS AT ANY TIME AND THAT I AM FREE TO WITHDRAW 
FROM THE PROJECT AT ANY TIME'WITHOUT CAUSING BAD FEELINGS. 
MY PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE 
INVESTIGATOR FOR REASONS THAT WOULD BE EXPLAINED. NEW 
INFORMATION DEVELOPED DURING THE COURSE OF THIS STUDY WHICH 
MAY AFFECT MY WILLINGNESS TO CONTINUE IN THIS RESEARCH 
PROJECT WILL BE GIVEN TO ME AS IT BECOMES AVAILABLE. I 
UNDERSTAND THAT THIS CONSENT FORM WILL BE FILED IN AN AREA 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATOR, GEORGIA REICH, OR 
AUTHORIZED REPRESENTATIVE OF THE SPECIAL EDUCATION AND 
REHABILITATION DEPARTMENT. I UNDERSTAND THAT I DO NOT GIVE 
UP ANY OF MY OR MY CHILD'S LEGAL RIGHTS BY SIGNING THIS 
FORM. A COpy OF THIS SIGNED CONSENT FORM WILL BE GIVEN TO 
ME. 

Subjects Signature Date 

Parent/Legal Guardian Date 
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INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the 
above project. I hereby certify that to the best of my 
knowledge the person who is signing this consent form 
understands clearly the nature, demands, benefits, and risks 
involved in his/her participation and his/her signature is 
legally valid. A medical problem or language or educational 
barrier has not precluded this understanding. 

Signature of Investigator Date 



THE UNIVERSITY OF 

Human Subjects Committee ARIZONA® 
HEALTH SCIENCES CENTER 

20 April 1995 

Georgina N. Reich, Ph.D. Candidate 
c/o Shirin Antia, Ph.D. 
Department of Special Education/Rehabilitation 
Education Building 
Main campus 

1622 E. Mabel St. 
Tucson, Arizona 85724 
(602) 626-6721 

RE: HSC A95. 43 HEARING STATUS OF FIRST GRADE ELEMENTARY PUBLIC SCHOOL CHILDREN 
IN A MEXICAN TOWN 

Dear Ms. Reich: 

We received Dr. S. Antia's 13 April 1995 letter and accompanying revised consent 
form for your above cited research proposal. The'procedures to be followed in 
this study pose no more than minimal risk to participating subjects. Regulations 
issued by the U.S. Department of Health and Human Services [45 CFR Part 
46.110(b)] authorize approval of this type project through the expedited review 
procedures, with the condition(s) that subjects' anonymity be maintained. 
Although full Committee review is not required, a brief summary of the project 
procedures is submitted to the Committee for their endorsement and/or comment, 
if any, after administrative approval is granted. This project is approved 
effective 20 April 1995 for a period of one year. 

The Human Subjects Committee (Institutional Review Board) of the University of 
Arizona has a current assurance of compliance, number M-1233, which is on file 
with the Department of Health and Human Services and covers this activity. 

Approval is granted with the understanding that no further changes or additions 
will be made either to the procedures followed or to the consent formes) used 
(copies of which we have on file) without the knowledge and approval of the 
Human Subjects Committee and your College or Departmental Review Committee. Any 
research related physical or psychological harm to any subject must also be 
reported to each committee. 

A university policy requires that all signed subject consent forms be kept in 
a.permanent file in an area designated for that purpose by the Department Head 
or comparable authority. This will assure their accessibility in the event that 
university officials require the information and the principal investigator is 
unavailable for some reason. 

Sincerely yours, 

William F. Denny, M.D. 
Chairman 
Human Subjects Committee 

WFD:rs 

cc: Departmental/College Review Committee 
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FORMATS USED TO REGISTER DATA 

Format 1: Used to describe each screening site. 

Name of school 

Address of school 
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--------------------------------------------
School district # 34 Rural or City 

Name of director 

Physical characteristics of screening site 

Noise levels: 500 Hz 1000 Hz 2000 Hz 4000 Hz 

Maximum allowed 41.5 dB 49.5 dB 54.5 dB 62.0 dB 

Actual level dB dB dB dB 

Group examined 

Teacher's name 

Number of children in group __ boys girls __ 
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Format 2: Used to register screening data for each child. 

Name ------------------------------------- Sex Age 

Teacher's name Group ----
Date --------------------
History: Recent earache (yes or no) RE LE 

LE Recent ear discharge RE 
Earache and/or discharge in the past 

otoscopy: RE 
Cerumen A L M VM VM-O 

Additional information 

Immittance: 
Tympanogram type 
Pressure in daPa 
Static compliance 
Ear-canal volume 
Acoustic reflex 

RE LE 

Pure-tone audiometric screening: 

RE 
dB HI 

20 dB HI 

LE 
dB HI 

20 dB HI 

Comments 

.5K 1K 2K 

.5K 1K 2K 

LE 
A L M VM VM-O 

Rescreening Inf. 

4K Rescr. Inf. 

4K Rescr. Inf. 

Referred for: Wax removal and ear-canal cleaning ______ _ 
Medical (ENT) revision ------Complete audiologic evaluation ____ _ 

Additional recommendations: 



Format 3. Used for referral. 

santa Barbara, Qro. a de 

Dr. Sergio Moctezuma: 

After screening 
(name) 

the following data were obtained: 

These data suggest the need to refer this child 

for cerumen removal 

for medical assessment/intervention 

for audiologic assessment 

Other 
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de 1995. 

Note: all of these formats were actually used in Spanish. 
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