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ABSTRACT

This longitudinal study investigated the continuity of acquisition
of the English consonant inventory from babbling to sound-by-
sound correspondences with the adult form in 5 children with
chronic otitis media (COM). Language samples were examined
to determine consonants produced from ages 10-21 months.
Results showed that consonants in babbling were the first to
appear in quasi-words and to be used correctly relative to the
adult form.  In 4 of the children, babbling inventories contained
glides, nasals, and labial and coronal stops.  Subsequent
acquisition followed patterns reported for normal development.
One child used an atypical babbling inventory (dorsals and
glottals) in quasi-words and did not produce any real words until
age 21 months. Results of audiologic testing, pneumatic
otoscopy, and tympanometry indicated this child had the highest
mean hearing thresholds and the most bouts of otitis media.
Results suggest a relationship among COM, hearing and early
phonetic development.

1.  INTRODUCTION
Early and extensive experience with middle ear infections
(chronic otitis media, COM) has been linked to a number of
negative developmental outcomes in young children including
mild to moderate conductive hearing losses, and problems with
attention, behavior, language, and speech development [16].
Studies focusing on speech development with COM have been
less abundant and results remain confusing and contradictory.

The major hypotheses about negative effects of COM posit
that the associated fluctuating hearing loss is the causal variable
[2].  A 20 to 30 dB loss is especially hazardous in situations
where there is background noise.  Thus, infants and toddlers in
daycare may be especially vulnerable to the effects of a mild loss
because of the ambient noise environment [7].

Feagans and colleagues [5] found that nearly half of infants
in daycare had COM and demonstrated some immediate
negative effects of this early experience on attention, language,
and verbal interaction in the classroom. Feagans, Fendt, &
Farren [4] reported toddlers with COM played alone and
interacted verbally less often with peers and caregivers
compared to children without chronic problems.  Thus, children
with OM are at risk for not obtaining the auditory-verbal
experience necessary for acquiring speech normally and early
COM may predict speech problems at later ages [8, 12, 15, 18,
19].

Previous research suggests that the speech produced by
children with COM contains more frequent developmental
errors than that produced by normally developing children.

Differences in the size and diversity of babbling have been
found in comparison with those with negative histories of the
disease [11, 17].  Case studies have also reported inventories
characteristic of children with severe hearing impairments [14].
In a cross-sectional study of 138 infants with COM, Luloff,
Menyuk, & Teele [11] reported that the number of episodes of
otitis media contributed significantly to the nature of babbling
and the number of different consonants produced.  Because the
phonological characteristics of babbling are linked to early
words in normally developing children [3, 10], further attention
to early speech sound development in children with COM is
warranted.  Longitudinal studies that incorporate repeated
measures at discrete time intervals are needed to determine the
precise nature of the productions and to document their
emergence early in development.

In this paper we will expand upon previous research by
investigating longitudinally the nature of acquisition of the
English consonant inventory in 5 children with COM between
the ages of 10 and 21 months.  Inventories were examined
across babbling, quasi-words, and words with sound-by-sound
correspondence to the adult phonetic form.

2. METHOD
2.1. Participants
Participants in this study were enrolled in the Penn State Child
Development Center for a minimum of 20 hours per week. Five
children, 3 females and 2 males, with chronic otitis media were
followed longitudinally between the ages of 10 and 23 months.
Participants were monolingual English speaking children with
normal oral mechanism structure and function and no significant
medical history other than COM.

2.2. Health Status and Definition of Chronic Otitis Media
Upon identification, each  child’s health status was evaluated
weekly by a nurse practitioner.  Pneumatic otoscopy and
tympanometry were used to detect the presence of otitis media
(OM) and participants received medical treatment from the
health care provide of their choice. COM was defined as a
diagnosis of otitis media a minimum of 20% of the time in a 12-
month period or approximately 2 ½ months per year [5, 6, 23].

2.3. Hearing
Hearing was tested in a mobile van that visited the children’s
daycare center.  Children were tested when they entered the
study and at age 12 months.  In addition, children diagnosed
with OM were tested as soon as possible following the diagnosis
and received followup testing on a monthly basis until an OM
episode was resolved.  Measures included visual reinforcement
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audiometry with both ears at 250, 500, 1000, 2000, and 4000
Hz. tympanometry, and spontaneous and evoked otoacoustic
emissions.

2.4. Speech sampling
Language samples were collected in a playroom equipped with
toys chosen to elicit all English consonants a minimum of 5
times in each word position. A total of 50 30-minute
spontaneous language samples were collected approximately
every two weeks.  Speech samples were videotaped using a Sony
videocamera situated in an adjacent observation room.  The
child wore an apron equipped with a very small Countryman
Associates lavalier microphone with a flat frequency response.
The microphone was connected to a wireless Telex WT-55 Fm
transmitter sewn into a pouch on the apron and linked to an
ENG-1 FM receiver.  The audio signals were recorded onto a Hi
Fi audio channel of a videotape simultaneously with the video
signal. A student interacted with the child during 15 minutes of
free play and loosely scripted play routines with a doll including
bath-time, snack-time, and bed-time.  The final 15 minutes
involved a modified hide-and-go-seek game with the various
toys hidden about the room.

2.5. Data analysis
Language samples were transcribed using the International
Phonetic Alphabet (IPA) [9].   Consonant inventories for each
individual sample were compiled using independent analysis
[21].  To be included in the phonetic inventory, a consonant had
to be produced at least twice within a 30-minute sample.
Samples were then analyzed relationally to determine real words
and systematic correspondence to the adult form.  Individual and
group inventories were compiled of those sounds utilized in
babbling (any syllable combinations with no sound-meaning

correspondence to the adult), quasi-words (sound-meaning
correspondences unlike the adult form), and real words with
systematic sound-by-sound correspondence to the adult form
[22].  To be included in the group inventories, consonants were
required to be produced at least twice in at least two individual
inventories at a given age level.

3.  RESULTS
Across all language samples from all children, consonants in the
babbling inventory were the first to appear in quasi-words and
the first to be used correctly relative to the adult target word.
Individual analyses revealed similar patterns across inventories
of 4 of the 5 participants.  Patterns paralleled those shown by
healthy children [13, 20].  Babbling inventories contained
glides, labial and coronal stops and nasals.  First words (quasi-
words) and later correctly produced adult words also contained
these sounds.  Dorsal stops emerged at age 13 months and the
first fricative [5], affricate [V5] and liquid = N ] appeared at age 15
months.  Fricatives, affricates and consonantal [r] emerged in
final position.  As children produced more quasi-words and real
words, the new sound classes (fricatives, affricates, and liquids)
also appeared in babbled utterances.  By the age of 21 months,
all English consonants had bee produced at least one time.  The
interdentals [6 &] and labiodental [v] were produced by one
child, but as of age 21 months, had not occurred often enough to
be included in the group analysis. Although glottal stops
occurred in babbling and quasi-words, no glottal stops were
observed in real words and no glottals were produced in
correspondence to oral consonants.

Age
(mos.)

No. of
Samples

Babble Quasi-Words Real Words

10 4 O� D� F� L

11 5 O� P� D� F� L O O

12 3 O� P� D� F P O� P

13 3 O� P� R� D� V� F� M� I� Y� L� J O� R� D� V� F� M� L O� P� R� D� V� M� L� J

14 4 O� P� R� D� V� F� M� I� Y� L� !� J O� P� R� D� V� F� M� I� Y� J O� R� D� F� M� I� Y

15 4 O� P� R� D� F� M� I� 5� V5� Y� N� !� J O� P� R� D� F� M� I� 5� V5� Y� N� J O� P� R� D� V� M� I� Y� N� J

16 4 O� D� V� F� M� H� U� 5� V5� Y� N O� P� R� D� V� F� M� I� H� U� 5� V5�

F<� Y� L� N� J

O� P� R� D� V� F� M� I� H� U� F<� Y�

L� N� J

17 7 O� P� R� D� V� F� M� I� H� U� \� 5� V5�

Y� L� T� J� !

O� P� 0� R� D� V� F� M� I� U� \� 5�

Y� L� N� T� J

O� P� 0� R� D� V� F� M� I� U� \� 5�

V5�Y� L� N� T� J

18 4 O� P� R� D� V� F� M� I� Y� L� T� !� J O� P� 0� R� D� V� F� M� I� H� U� \� 5�

Y� L� T� N� !� J

O� P� 0� R� D� V� F� M� H� U� \� 5�

Y� L� N� T� J

19 4 O� P� R� D� V� F� M� I� H� U� 5� F<�

!� J

O� P� 0� R� D� V� F� M� I� H� U� \� 5� V

5� F<� Y� L� N� T� !� J

O� P� R� D� V� F� M� I� H� U� \� F<�

Y� L� N� T� J

20 4 P� R� D� F� M� 5� V5� F<� L� T O� P� R� D� V� F� M� I� H� U� \� V5� Y�

L� N� T� !� J

O� P� R� D� V� F� M� I� H� U� \� 5� V5�

Y� L� N� T� J

21 4 O� P� R� D� F� M� I� H� 5� Y� N� !� J O� P� D� F� M� H� U� 5� F<� Y� L� N� T�

!� J

O� P� R� D� V� F� M� I� H� U� 5� F<�

Y� L� N� T� J
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Table 1.  Inventory of phones produced at least twice in at least two inventories at a given age.

One child (P2), had an atypical babbling inventory
containing only dorsal and glottal stops. Although this child
produced some labial stops and coronal nasals in later samples,
dorsals and glottals were most frequent.  P2 persisted in use of
the atypical phonetic inventory as quasi-words emerged. By the
age of 21 months, P2’s phonetic inventory began to resemble
that of the other four children at about 12 months of age.  Once
the inventory contained sounds typical of younger normally
developing children, P2 began to produce real words (See Table
2).

Age
(mos.)

Babble Quasi-Words Real Words

15 I� !

16 O� P� ! !

17 O� D� F� I� !

18 O� D� F� I� N� !�

J

F� N

19 O� ! P� N

20 O� P� D� ! D� P� N

21 O� P O� P� R� D� F�

M� J

O� P� R� D� F�

M� J

Table 2.  Phonetic inventories of P2

Results of audiometric testing indicated that the child with
the atypical phonetic inventories had the highest mean
thresholds across the frequencies (See P2 in Table 3). In
addition, this child had the most bouts of otitis media and was
ill 64% of the time.  It can be seen in Table 3, that one other
participant, P6, had above average thresholds in the lower
speech frequencies.  Although this child’s phonetic inventory
was typical (i.e., stops, nasals, and glides were acquired first),
this child was delayed in the onset of meaningful speech relative
to the other 3 participants with typical phonetic inventories [24].

Child 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
P1 10 11 14 13 15
P2 30 21 24 31 26
P3 18 12 14 13 14
P6 20 21 22 15 19
P7 20 13 11 11 10

Table 3.  Average hearing thresholds (dB)

4. CONCLUSION
Because many children experience otitis media during the first
year of life and before the onset of their first words, the nature
of the babbling inventory may reveal characteristics of speech
development that call attention to those children at risk for
delayed phonetic development and subsequent problems with
language learning.  In this longitudinal study of five children
with chronic otitis media between the ages of 10 and 21 months,

four of the five children had phonetic inventories similar to
those reported for typically developing children.  Of these, one
child, whose hearing thresholds were above average in the lower
speech frequencies, was delayed in onset of real words.  The
fifth participant, whose phonetic inventories were atypical,
presented with the highest hearing thresholds across frequencies
and had the most bouts of otitis media.

Results of this study support the hypothesis of a
relationship among the chronicity of the disease, hearing, and
phonetic development. This study supports the hypothesis that
negative sequelae result from an accumulation of risk factors
related to COM.  The nature of the babbling inventory may be a
predictor of typical vs. atypical phonetic development and
provide a way of identifying children at risk for subsequent
problems learning language.
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