








CHAPTER III
METHODS AND PROCEDURES
SUBJECTS

Seventy children, including ten in each of 7 six-month
age groups, were selected from preschools and day-care centers
(both will be henceforth referred to as preschools) in the
greater Portland area. The Portland telephone directory was
utilized to compile a list of names, addresses, and telephone
numbers of preschools in the area. The following general
headings, found in the commercial section of the directory,
were used to locate agencies where children of the appropriate
ages might be found: "“Schools," "Day Nurseries," and "Kinder-
gartens." In this fashion 144 preschools were located. Each
preschool was assigned a number, and by referring to a table of
random numbers, a list of preschools was compiled. As each
number was chosen, the agency to which it corresponded was
telephoned and asked to cooperate in the study. The first ten
preschools which agreed to allow their children to participate
were selected for use in the study (see Appendix A). An in-
troductory letter also was sent to each school (see Appendix
B).

When ten preschoois were seletted, all children within

these schools between the ages of two and six were screened to
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determine their socioeconomic status (SES). Following com-
Pletion of this screening procedure, 237 children were avail-
able as potential subjects for the study. This sample was
divided into age groups, resulting in a sample of 195 chil-
dren in seven separate groups. Within each age group, chil-
dren were assigned numbers., Using a random sampling proce-
dure, five males and 3 alternates, and five females and 3
alternates were selected from each age group. Alternate
subjects were used if the original child did not respond to
one or more of the instruments used in the study. Alternates
also were used if the originally selected child was unavail-

able on the day of testing at a particular preschool.
VARIABLES

Variables which were controlled in the present study
are among those which have been consistently mentioned in the
literature as affecting articulation development (Poole,
1934; Templin, 1953; Winitz, 1969; and Irwin, 1972)., Of
particular interest here were the factors of age, socioeco-

nomic status, intelligence, and auditory acuity.

Age
The developmental status of phonemes /t/ and /k/ was
assessed in children ranging from 2.5 years to 6 years. This
relatively wide age span in relation to number of phonemes
examined was used to facilitate comparison of results of the

present study with those compiled by previous researchers.
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An initial goal of the study was to include children ages two
to 2.5 years in the sample population. Of the ten preschools
selected, however, only two included children in this age
group as enrollees. In addition, while test procedures were
generally effective with children ages 2.5 and older, chil-
dren younger than this age did not respond consistently to
any measure, This was especially true regarding the screen-
ing of auditory acuity. Consequently, the few children who
were testable in the two to 2.5 age category were not inclu-
ded in compiling the total results.

When screening for socioeconomic status was completed,
the remaining children from each school were grouped accor-
ding to age. A conservative estimate of the time required to
test all children on all measures was two months, from the
first week in October, 1973, through November 30th, 1973.

The midpoint of this time period was November 1, 1973. As
soon as a subject was located and had passed SES require-
ments, his birthdate and resulting age on November 1 was re-
corded. The child's age on the target date (November 1,
1973) was utilized as a selecting factor to allow testing to
be done before and after this date and still ensure that
subjects would be of the appropriate ages. If the child's
age on the first day of November was between x years, one
month and x years, five months (for the age groups 3, 4,

and 5), or between x years, seven months and x years eleven
months (for age groups 2.5, 3.5, 4.5, and 5.5), he was in-

cluded in the sample as meeting age requirements. If the
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child's age as of November 1 was x years, five months and one
day or older (for ages 3, 4, and 5), he was rejected as a
subject. For the same age groups 3, 4, and 5, a child was not
included if his age on the target date was less than x years
and one month (e.g., three years and twenty-nine days). Chil-
dren were not included in the age groups 2.5, 3.5, 4.5, and
5.5 years if their ages on the first of November were less
than x years, seven months or greater than x years, eleven
months. As an aid in determining ages, "month" was defined
in the above procedure as including 30 dayse.

When the children had been initially selected according
to age, they were separated according to age groupse. The
target number in each group was twenty or more children, from
which were randomly selected 16 (ten designated as subjects
and six as alternates). The actual mean ages of children u-
tilized as subjects in each of the 7 age groups are listed

in Table 5,

Socioeconomic Status

A criticism often raised concerning the developmental
study done by Wellman et al. (1931) was the high socioecono-
mic level of the children studied (Winitz, 1969). Poole
(1934) noted that her subjects were probably drawn from rela-
tively high socioeconomic levels. Templin (1957) attempted to
control any effects caused by the child's social and economic
environments by studying children at two socioeconomic le-

vels: upper and lower (see Chapter II), Because of the pos-




MEAN AGE OF CHILDREN IN

TABLE 5

EACH AGE GROUP

Age Mean Age in Mean Age in
Group Years and Months Months
2.5 to 3 years, nine months 33 months
3 to 3.5 years, ?hree months 39 months
3.5 to 4 3 years, eight months 44 months
4 to.4.5 4 years, three months 51 months
4,5 to 5 4 years, nine months 57 months
5 to 5.5 years, three months 63 months
565 to 6 years, nine months 69 months
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sible effects on the findings of Wellman et al. (1931) and
Poole (1934) due to the higher SES of the subjects, it was
decided to include a screening device in the design of the
present study so that some information would be available con-
cerning the social and economic backgrounds of the subjects.
The target sample regarding SES was a group of subjects re-
presenting all urban American children between, but not in-
cluding, upper and lower social and economic levels.

For this study, limited by time and resources, "socio-
economic status" was determined by the occupation of the chief
income recipient in the child's family. The occupation was

assigned a numerical value, found by consulting Working Paper

Number 15: Methodology and Scores of Socioeconomic Status

(U.S. Bureau of the Census, 1963). Using this instrument,
occupations were assigned values ranging from Ol (low) to 99
(high), depending on skill required, training involved, and
indirectly, on income received. In the initial location of
candidates for the study, children were tentatively accepted .
as subjects if the occupation of the chief income recipient
in the family fell within a value range of 40 to (and inclu-
ding) 86 on the screening instrument. This range includes
the social and economic backgrounds of a majority of the U-
nited States population (U.S. Bureau of the Census, 1963).
The occupation of the chief income recipient in the

child's family was obtained by first consulting the preschool
records available for each child. A preschool staff member

was usually available to assist in gathering the necessary




55
data. In most schools, the initial application form (used to
obtain occupational data) required the parent to list emplo-
yer, rather than occupaticne. Thus, the specific occupation
was discovered by one of 3 methods: 1) the staff member was
found to be familiar with the parent and occupation; 2) the
occupation was listed by the parent; or 3) the firm or place
of business was specific enough to allow the occupation to be
deduced. If the parent's place of employment did not seem to
relate to a specific activity, the parent occupation was lis-
ted as "not stated," with a corresponding point value of 33
(U.S. Bureau of the Census, 1963). In situations where both
parents were employed, with occupations listed for both, the
father's occupation was arbitrarily selected fbr analysis.
Due to the time and effort involved, parents were not contac-
ted directly regarding occupation, a procedure which élso

might have affected their involvement in the study.

Intelligence

Intelligence, based upon the verbal facility of each

subject, was screened through the use of the Peabody Picture

Vocabulary Test (PPVT), Form A (Dunn, 1965). It is recognized

that this instrument may tap only one aspect of "intelligence,"
i.e., the child's auditory vocabulary. The results of Taylor
(1963), however, indicate that the test is useful as a proce~
dure to screen verbal intelligence,

The test was admiﬁistered as the second item of a 3-part

test battery, which included an auditory screening and the
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test to assess the development of /t/ and /k/. Total evalua-
tion time was approximately thirty minutes for each child.
Children wno were evaluated in this manner had previously
been screened for socioeccnomic status and age. All children

who achieved a PPVT IQ equivalent of 80 or above, and who were

determined to have normal hearing were shown the pictures com-

prising the articulation test. Two children who received
PPVT scores below 80 were excluded from the study. Table 6

lists the mean PPVT IQ equivalents for each age groupe.

Auditory Acuity

In order to‘rule out the possibility of hearing loss
and any subsequent contamination of articulation test results,
only children-with normal hearing were included as subjectse.
A Beltone model 10C portable audiometer equipped with Aural-
domes (model AR 100) was used to administer a puretone audio-
metric screening test to all study candidates. The Aural-
domes were used in an effort to reduce ambient noise common
in most preschool environments. A screening level of 15dB
(ISO) for the speech frequencies 500, 1000, and 2000 Hz was
utilized with all children. Candidates who responded at this
level for all three frequencies in each ear were utilized as
subjects., Six children initially selected as candidates were
eliminated from the study due to failure at one or more of the
target frequencies. In addition, four children, all from the
2.5 to 3 year age group, did not respond to audiometric con-

ditioning procedures. These children also were excluded from




TABLE 6

MEAN PPVT IQ EQUIVALENTS
LISTED BY AGE GROUPS
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pemde, | oo
2,5 to 3 93.00 8,72
3 to 3.5 98.30 9.95
3.5 to 4 102.10 11.76
4 to 4.5 103,50 15,25
4.5 to 5 105,50 12,72
5 to 5.5 109.60 9.89
5.5 to 6 109.90 14.00
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participation in the study. In all cases where candidates
failed either the PPVT or the audiometric screening, alter-

nate subjects of the appropriate age and sex were selected.
INSTRUMENTATION

To determine mastery and acquisition of the phonemes
/t/ and /k/, an articulatory assessment procedure specific
to the phonemes was devised. Following administration of the
PPVT and the audiometric screening, each subject was presen-
ted six pictures to elicit the initial, medial, and final
sound elements of phonemesr/t/ and /k/. One picture was used
for each sound element of each phoneme. An additional pic-
ture, designed to elicit the sound element medial /%7 in the
word "skating," also was presented to each child. The pur-
pose of this arrangement is discussed in Appendix E. Each
picture was centered on 5" x 8" cards and was designed to
elicit a specific word. When verbalized, the target word
resulted in the production of a specific sound element.

Target words were taken from the Developmental Articu-

lation Test (Henja, 1955). Henja's words for /t/ and /k/ were

chosen for two reasons: 1) all words were easily represented
with pictures; and 2) target sound elements were not located
in consonant blend contexts. Henja's word list also was se-
lected because it included the eliciting word "potato" (for
sound element medial /%/). When uttered, this word tends to
result in stressing of the second syllable, thus, producing

an audible and characteristic /t/.
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Test words and corresponding target sound elements for
the phoneme /k/ included "cat" to elicit /k-=7; '"chicken" to
elicit /=k-/3 and "book" to elicit /~k/. For the phoneme
/t/, target words included: '"table" to elicit /[t-7; "pota-
to" to elicit /=t-7; and "coat" to elicit /-t7.

The test procedure consisted of asking the subject to
verbally identify each picture, thereby producing the target
sound elements as they occurred in the eliciting word. The
eliciting question, uttered by the Investigator while poin-
ting to the appropriate picture, was '"What is this?", Sub-
jects' responses were recorded on the test record form (Ap-
pendix C) as correct or incorrect. Any errors in production
(i.e., substitution, omission, or distortion) also were no-
ted immediately following each child's response.

If the child was unable to verbally identify a Specific
picture, a procedure designed to elicit the target word while
providing a minimum of auditory cues was initiated. Step one
required the Investigator to utter a maximum of three elici-
ting sentences for each target sound element not produced in
response to pictures. FEach sentence was constructed so as to
supply cues relative to the meaning of the target word. The
word itself was not included in the sentence. The child's
task was to complete the sentence by supplying the target
word. Appendix D includes a list of eliciting sentences used
for each target word and sound element., If this technique
failed to produce the desired word, a descriptive sentence

related to the eliciting picture was read to the child. Each
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description included the target word, uttered without undue
stress or intonation. As far as possible, the modeled word
was placed near the middle of the descriptive sentence, so
that it was preceded and followed by other words. In addi-
tion, each descriptive sentence was followed by another
phrase; "Now you tell me: what is this picture?" This sen-
tence was included to re-direct the child to the task of i-
dentifying the picture, and to also provide more intervening
auditory stimuli between the modeled word and the child's
response., A list of descriptive sentences used for each
sound element is included in Appendix D.

Several children in the younger age groups did not re-
spond appropriately to the first reading of thé descriptive
sentence., When this occurred, two further repetitions of this
sentence and the task direction were given. If the child did
not respond following the repetitions, he was dropped from
the study and an alternate child was used. Two children in
the 2,5 to 3 year age group and one child in the 3 to 3.5

age category were omitted in this fashion.

Investigator Reliability

Time and economy dictated that the Investigator make all
judgements relative to correct production of /t/ and /k/ in
words. This was especially true since all testing was con-
ducted at the subjects' preschools. Therefore, to ensure that
the Investigator was reliable as a judge of children's arti-

culatory abilities regarding phonemes /t/ and /k/, a pilot
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study was conducted.,

Subjects for the pilot study were siblings of children
seen for speech and language treatment at the Portland State
University Summer Speech and Hearing Clinic (Summer 1973).
Since the only gecal was elicitation and judgement of instru-
mental speech sounds /t/ and /k/, auditory acuity, SES, and
intelligence were not controlled. The 10 subjects (five males
and 5 females) ranged in age from 3 years, four months, to 5
years, eleven months, with a mean age of 5 Years, five months.
Each child was presented all eliciting pictures described a-
bove, In addition, to determine the effectiveness of Templin's
use of the Qord “skating"” to elicit the sound element medial
[X7 (1957), subjects were shown a picture designed to elicit
that word. All responses were recorded using an Ampex AG 500
tape recorder equipped with a lavaliere microphone suspended
approximately 3 inches from the subject's mouth. Record speed
was 7% inches per éecond.

To establish the Investigator as a reliable judge re-
garding correct production of phonemes /t/ and /k/ in words,

a panel of two Speech Pathologists éxperienced in articulation
testing was recruited to listen to and judge the recorded
responses. Their findings were compared with those of the In-
vestigator. An agreement of 80 per cent or better on all
sound elements recorded during the pilot study was the cri-
terion for reliability. |

The taped responses of the ten subjects (each child pro-
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duced 6 sound elements plus medial /%7 in "skating;" a total

of 70 items) were played at the recorded speed using an Am-

pex 620 amplifier set at a volume level of 8, The panel mem-
bers were given the definition of correct production, presen-
ted in Chapter I, to assist them in deciding whether a spe-
cific sound element was used appropriately in a particular
word.
Results produced an agreement between the three lis-
teners of 92 per cent on all sound elements except medial [/
in "skating." Since this particular item was not a major E
part of the developmental articulation test, the main investi- E
gation was begun with the Investigator as the sole judge of |
articulatory development of phonemes /t/ and /k/. The ratio-~
nale for including the word "skating" in the main investigation

as well as the specific procedure are reported in Appendix E.
ANALYSIS

Upon completion of testing, developmental ages for each
phoneme were assigned. The first step was to record the num~-
ber and percentage of children in each age group who correctly
produced each sound element and each phoneme. These data were
used to compute age of mastery for sound elements and phonemes.
Secondly, the number and percentage of subjects who correctly
produced at least two of three sound elements at each age lé—
vel were recorded. These figures were used to compute age of
acquisition for each phoneme. Data were also collected on two

methodological problems, the presentation of modeled words and
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the responses of subjects to the eliciting word "potato."

Masterv of Sound Elements and Phonemes

A sound element was labeled as mastered at a particular
age level if 75 per cent or more of the subjects within an age
group correctly produced the target sound in words. For
assigning developmental ages to phonemes, two operational de-
finitions of mastery were used. The first definition required
that three sound elements (I,M,F) of each phoneme be correctly
produced in words by 75 per cent of all subjects in an age
group. This requirement is identical to those of the three
developmental studies discussed in Chapter II with regard to
number of sound elements examined for each phoneme. Use of
this criterion resulted in a set of developmental ages here-
after labeled Set I. The second operational definition of
mastery excluded the medial sound elements of both phonemes
from analysis. In this case, mastery indicated that 75 per
cent of all subjects correctly produced two sound elements
(I,F) of each phoneme. The resulting ages from this analysis
were labeled Set II.

Several factors contributed to the decision to include
two separate sets of developmental ages for each phoneme; with
one set excluding the medial sound elements from analysis.

In the initial design of the study, it was decided to assign
ages of mastery by limiting analysis to three sound elements
of each phoneme (I,M,F)vsince the developmental ages pre-

viously assigned to phonemes /t/ and /k/ were established by
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utilizing this procedure (Wellman et al.; 1931; Poole, 1934;
and Templin, 1957). A review of the literature on articula-
tory assessment, however, indicated the controversy surround-
ing the concept of medial position and use of developmental
ages assigned by utilizing this concept (see "Medial Position,™
Chapter II). As a result of the confusion surrounding medial
position, Templin (1973) has suggested that developmental
studies dealing with instrumental phoneme acquisition be con-
cerned only with initial and final sound elements; those con-
sonants which initiate or release a Word. The suggestion was
made especially with regard to voiceless plosives., According
to Templin, when these sounds are uttered between two vowels,
they are likely to be produced with voice. The resulting pro-
duction may be an acceptable pronunciation within the culture,
but will provide little information regarding the child's
ability to produce the target sound. The common pronunciation
of "skating," wherein the consonant /t/ is usually voiced, is
an example of the above situation. Examining sound elements
only as they initiate and terminate words removes some of the
risk that the target may assume the characteristics of the sur-
rounding phonetic environment.

An initial examination of results emanating from the
present study also contributed to the decision to provide one
set of developmental ages which excluded the medial sound
elements. As noted previously, the word "potato" was chosen
to elicit the sound element medial /%7 in‘the present studye.

The initiating consonant of the second syllable was designated
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as the medial /[t7 sound element. In this context, the target
was the initiating consonant of a stressed svllable. In the
Investigator's opinion, the possibility that the sound would
be produced with voice was thus diminished. When presented
with the eliciting picture for "potato," 24 subjects (34 per
cent) responded by eliminating the first syllable and pro-
nouncing the word as "tato" or "tado." When uttered, this
production tended to result in the addition of voice to the
initiating consonant of the second syllable. In other words,
34 per cent of the judgements made regarding the presence or
absence of medial /%7 in "potato" were based on a sound with
different characteristics and in a different position than
initially expected. The choice of this eliciting word will
be discussed more fully in Chapter IV,

Mastery of phonemes /t/ and /k/ also was calculéted by
utilizing three sound elements (I,M,F) in the analytical
process. The primary purpose of this procedure was to compare
the resulting ages with the findings of Wellman et al. (1931);
Poole (1934), and Templin (1957), all of whom utilized three
sound elements when assigning ages of mastery to phonemes /t/

Acquisition of Phonemes /t/ and /k/

The individual test results were used to calculate ages
of acquisition for each phoneme. A phoneme was listed as ac-
quired if at least two of three sound elements were produced .

correctly by 51 per cent or more of the subjects in a particu-
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lar age‘group.

Target Words Presented by Modeling

Subjects who failed to respond to the pictures and e-
liciting sentences for each target word were provided with
. a descriptive sentence containing the target. Each target
word requiring the descriptive sentence was labeled as "mo~
deled." The words modeled for each child were recorded on
the individual test record form. Upon completion of testing,
the following information was recorded: 1) the number and
percentage of total utterances which required modelingj; 2) the
number and percentage of modeled words for each age group; and
3) the number of instances each specific word required mode-
linge These data were compiled for the following reasons:
l. To determine the percentage of modeling
required for all subjects;
2. To determine the percentage of modeling
required by each age group;
3. To determine if a relationship existed
between the need for words to be modeled
and the age of the subject; and

4, To identify the specific words which most
often required modeling.

Production of a Two~Syllable Form of the Eliciting Word
"Potato"

As previously noted, the eliciting word "potato" was
produced by many subjects as "tato!" or "tado." The frequency
of this occurrence was calculated according to age groups to
determine if a relationship existed between age and ability

to use a three-syllable word.




CHAPTER IV
RESULTS AND DISCUSSION OF RESULTS
RESULTS

The primary concern of the present study was to ascer-
tain the probable order in which the phonemes /t/ and /k/
are mastered by children. A secondary purpose was to uti-
lize an alternative to the concept of mastery (Sander, 1972)
to determine the ages at which children acquire the phonemes
/t/ and /k/. For purposes of reporting and discussing the
results directly related to this investigation, the follow-
ing subtopical headings will be utilized:

l. The order of mastery of phonemes /t/ and /k/, set
one: ages calculated by including the medial
sound elements;

2. The order of mastery of phonemes /t/ and /k/, set
two: ages calculated by excluding the medial

sound elements;
3. The order of mastery of sound elements initial

[Y/ and [X7; .
4, The order of mastery of the remaining two sound
elements of each phoneme; and
5. The order of acquisition of phonemes /t/ and /k/.
Additionally, data also were collected concerning two
specific methodological problems posed by the study. First,
findings relative to the method of eliciting the target re-
sponse (i.e., modeling specific words) are reported below,.

Second, results of subjects' production of the word "potato,"

used to elicit the sound element medial /%/, are reported.
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The Order of Masterv of Phonemes /t/ and /k/, Set One: Ages
Calculated By Including the Medial Sound Elements

Table 7 and Figure 1 list the percentage of subjects

at each age level who correctly produced all sound elements

(I,M,F) of each of the two phonemes. For this analysis, cri-
teria for mastery of a phoneme was the correct production of
all three sound elements by at least 75 per cent of subjects
studied. Thus, it is to be noted that the phoneme /k/ was
mastered at age level 3 to.3.5, while /t/ was not mastered

at any of the age levels studied.

By applying Fisher's Exact Test (Zelditch, 1959) it

was found that at three age levels out of seven the pro-
bability that differences could be attributed to chance were |
small (Table 7). At the age level of 2,5 to 3, the differ- |
ence was very significant (p=.001). At the age level 3 to | |
3.5, the difference was significant (p=.027), and at the age

level 4.5 to 5 the difference once again was significant

(p=.002).

The Order of Mastery of Phonemes /t/ and /k/, Set Two: Ages

avvan

alculated By Excluding The Medial Scund Elements

The percentage of subjects who correctly produced the
initial and final elements of each phoneme are presented by
age level in Table 8 and Figure 2. In this case, mastery
was indicated if correct production of the two sound ele-
ments equaled or exceeded 75 per cent. Phoneme /k/ was cor-
rectly produced by the required percentage of subjects at

the 2,5 to 3 year level. Criteria for the production of the




TABLE 7

PERCENTAGES OF CHILDREN AT EACH AGE LEVEL WHO CORRECTLY
PRODUCED ALL SOUND ELEMENTS OF EACH PHONEME
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Phoneme Ages
2.5 3 3.5 4 4,5 5 5.5
/t/ 10 40 60 60 20 70 70
/k/ 70 20 80 90 80 100 90
a b _c
a Pisher's Exact Test p = .001
b Fisher's Exact Test p = .027
¢ PFisher's Exact Test p = 002
g 100 ,‘\\\\\
o 90 »
46! 80 / \./’\./ o
'g 70 * e~ — O
O 60 P’ Y — /
é‘: 50 e N //
7] 40 o7 RN /
U 30 d AN 4 s /k/
g 20 g N/
1 ¥} Vg [ Y ¥ /t/
=) 10 /s
(o] [ ]
) 0
2.5 3 3.5 4 4,5 5 Se5
Ages

FPiqure le. A visual demonstration of the data presented in
Table 7




TABLE 8

PERCENTAGE OF CHILDREN AT EACH AGE LEVEL WHO
CORRECTLY PRODUCED TWO SOUND ELEMENTS
(INITTIAL AND FINAL) OF
EACH PHONEME
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Phoneme Ages
2.5 | 3 3.5 | 4 4.5 5 5.5
/t/ 50 60 80 80 40 70 70
/k/ 80 90 100 90 - 80 100 90
8 100 o .
o 20 — T, / TT—
6] 80 ./ @ m— e p \ [}
'g 70 /// \\ o= e e e e .
o 60 e > 4
3] - N e
o, 50| «~~ \\ e
v 30|
2 20 s—-= /Xk/
5 10 Smot
v 0
2.5 3 3.5 4 4,5 ) 5.5
} Ages
Fiqure 2, A visual demonstration of the data presented in

Table 8
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/t/ phoneme, however, was not met until the 3.5 to 4 year

age level.

The Order of Mastery of Sound Elements Initial /Y7 and /k/

In Table 9 are listed the percentage of correct pro-

ductions by age group on all sound elements studied. Here

it is to be noted that both sound elements initial [t7 and
[k7 met criteria for mastery (75 per cent correct produc-
tion) at age level 2.5 to 3 years.

The Order of Masteryv of the Remaining Two Sound Elements of
Each Phoneme

Examinétion of Table 9 reveals that the necessary per-
centage for the correct production of medial /k7 (75 per
cent) was first achieved at the 2.5 to 3 year age level.
Medial /t/, on the other hand, was not mastered until the 4
to 4.5 year age level. Production of sound element final
K7 met criteria at the 2.5 to 3 year level, while final /t/

was mastered at age level 3.5 to 4 years.

The Order of Acqguisition of Phonemes /t/ and /k/

The percentage of children in each age group who cor-
rectly produced at least two of three sound elements of each
phoneme is listed in Table 10 and Figure 3. A phoneme was

considered to have met acquisition criteria when a minimum

of 51 per cent correct production on two sound elements was
achieved. Both phonemes /t/ and /k/ met the necessary re-

quirements at the 2.5 to 3 year age level.




TABLE 9

PERCENTAGE OF CHILDREN AT EACH AGE
LEVEL WHO CORRECTLY PRODUCED
EACH SOUND ELEMENT
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Age Sound Element

(k=7 [~t=7 [~t7 (k=7 [~x=7 | [~
2.5 to 3 80 60 70 90 80 80
3 to 3.5 | 100 50+ 60 100 100* 90
3.5 to 4 | 100 70 80 100 80 100
4 to 4.5 |100 80 80 100 100 90
4.5 to 5 90 60 40 100 100 80
5 to 5.5 90 90 80 100 100 100
5.5 to 6 |100 100 70 100 | 100 90

* For medial /t/ and /k/, p= .015 (Fisher's Exact Test)




TABLE 10

PERCENTAGE OF CHILDREN AT EACH AGE LEVEL

WHO CORRECTLY PRODUCED AT LEAST TWO
OF THREE SOUND ELEMENTS

Table 10

(ACQUISITION)
Phoneme Ages
2,5 3 3.5 4 4.5 5 55
/t/ 100 70 90 100 80 - 90 100
/k/ 90 100 100 100 100 100 100
§ 100 . . . o< . . —
1’1 90 '\\/ o - TS ~ - .”’
(8 80 » N P g Nee =~
Fg’ 70 Ser”
60
& 50
0 —ue /E
§ 20 /e
g 10
v 0
2.5 3 3.5 4 4,5 5 55
Ages
Fiqure 3. A visual demonstration of the data presented in
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Target Words Presented by Modeling. Target words used

to elicit the sound elements were themselves elicited either
pictorially or by modeling. Each of the seventy subjects in
the sample produced seven words, regardless of the method
used to elicit the target. Thus, 490 total utterances were
recorded. The word "skating,'" used to elicit sound element
medial /[t7, was not utilized in the age-assigning process.’
It is included in the reporting of moaeled words, however,
since it was elicited at the same time and in the same fa-
shion as the other target words.

The number and percentage of total utterances which
required modeling is shown in Table 1ll. Results indicate
that six per cent of all word presentations reéuired model-
inge The number and percentage of utterances requiring mo-
deling at each age level is listed in Table 12. In this
case, each age group included ten subjects with each pro-
ducing seven words (a total of 70 utterances at each age le-.
vel). At age level 2.5 to 3, 18.6 per cent of the subjects
required the modeling of target words. This percentage ge-
nerally decreased as the age of the subjects increased;
children at the last age level (5.5 to 6 years) needed no
target words modeled. Children under four years of age, on
the other hand, required four times as much modeling. The
number of instances in which each specific target word re-
quired modeling also was recorded. Examination of Table 13
indicates that the three target words requiring the most

instances of modeling were those used to elicit the medial
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TABLE 11
NUMBER AND PERCENTAGE OF TOTAL

UTTERANCES WHICH REQUIRED
MODELING

Total Total Number Modeled Percentage
Utterances Subjects Utterances

490 70 33 6.73
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TABLE 12

NUMBER AND PERCENTAGE OF UTTERANCES
WHICH REQUIRED MODELING
LISTED BY AGE

LEVEL

Age Utzgggices Sﬂg?zgis Mogngerords Percentage
2,5 to 3 70 10 13 18.6

3 to 3.5 70 ' -10 7 10

3¢5 to 4 70 10 7 10

4 to 4.5 70 10 3 4,3
4,5 to.5 70 10 1l l.4

5 to 5.5 70 10 2 2.9
55 to 6 70 10 0 0




TABLE 13

INSTANCES OF MODELING REQUIRED FOCR

EACH TARGET WORD, LISTED BY

AGE LEVEL

~J
~3

Age Target Words
Table | Potato| Skatingl Coat |Cat | Chicken | Book

2,5 to 3 5 6
3 to 3.5 2 2 1 1l
3.5 to 4 1 2 1 2
4 to 4.5 1l 2
4,5 to 5 1
5 to 5.5 1l 1

5.5 to 6
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sound elements. It is to be noted also that the two words
utilized to elicit the initial sound elements of each pho-
neme required no modeling.

Production of a Two-Svllable Form of the Eliciting

Word '"Potato.!" Judgement of the status of sound element me-

dial [t/ required that each child produce the eliciting word
"potato.!" In Table 14 is listed the number and percentage
of subjects in each age group who responded to the eliciting
picture or descriptive (mcdeled) sentence by producing a
two-syllable form of the target word ("tato or tado"). The
percentage of subjects who used a twd-syllable form of "po-
tato" decreased with age, from 60 per cent at ages 2.5 to 3,

to zero at 5.5 to 6.
DISCUSSION

This study, as previously noted, has sought to examine
two observations made by Menyuk (1972) regarding the devel-
opment of the phonemes /t/ and /k/. It is to be recalled
that Menyuk proposed two hypotheses relative to /t/ and /k/.
They were: 1) the child acquiring the phonological system
of American English must learn to instrumentally use the
phoneme /t/ before the phoneme /k/ can be learned; and 2)
that the sound element initial /t/ is mastered at an earlier
age than initial /k/. These observations are discussed be-

low in light of the results from the present study.

The Order of Mastervy of Phonemes /t/ ard /k/.




TABLE 14

NUMBER AND PERCENTAGE OF CHILDREN IN
EACH AGE GROUP WHO RESPONDED WITH
A TWO-SYLLABLE FORM OF THE
ELICITING WORD '"POTATO"

Age Number Percentage
2.5 to 3 6 60
3 to 3.5 6 60
3.5 to 4 5 50
4 to 4.5 3 30
4.5 to 5 3 30
5 to 5.5 1 10
5.5 to 6 0 0
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Menyuk (1972) has theorized that the phoneme /t/ is
necessary for development of the phoneme /k/. The implica-
tion is that /t/ must be instrumentally learned by children
before /k/ can develop. We have seen in Chapter II that
evidence collected by Wellman et al. (1931) and Templin
(1957) contradicts this hypothesis, since in these studies
mastery of /k/ occurs before mastery of /t/. The results
of the present study do not support Menyuk's claim. As in-
dicated above (see Table 7), findings from the present in-
vestigation show that the phoneme /k/ is mastered before
the phoneme /t/: /k/ at 3 to 3.5 years, and /t/ beyond 6
years. It has already been noted under "Results" that

Fisher's Exact Test (Zelditch, 1959) was applied to this da-

ta. At three age levels out of seven, the probability that
differences could be attributed to chance was small (Table
7). At the age level 2.5 to 3, the difference was very sig-
nificant (p=.001). At the age level 3 to 3.5, the differ-
ence was significant (p=.027). At the age level 4.5 to 5,
the difference was once again very significant (p=.002).
Since the trend line for differences exists uninterrupted
throughout the study (see Figure 1), one might hypothesize
that significance could have been found in all of the pre-
five year levels, had the sample sizes beenvlarger.

When results from the present investigation are com-
pared with findings frem the three early develcpmental stu-
dies cited under a review of the literature, the age of

mastery reported for /k/ in the present study is found to
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be the earliest age recorded for that phoneme (see Table 15).
It is felt that the design of the present study cannot be
held accountablie for the early age of mastery recorded for
/k/. First, the requirements for mastery of a phoneme were
identical to those of Wellman et al. (1931) and Templin
(1957) in requiring 75 per cent correct production for each
"sound element. Secondly, the socioceconomic status of the
children studied, although based only on occupation of the
father, was taken from a middle range, excluding high and
low values. A criticism which has often been raised con-
cerning the early age of mastery for 'initial /[t7 recorded
by Wellman et al. (1931), was that the apparently high so-
cioeconomic status of the sample contributed to the early
age of development for /t-7.

In the presént investigation, the phoneme /t/ was not
mastered at any of the age levels studied, although percen-
tage of correct production was 70 per cent in each of the
last two age levels. It is speculated that had another age
level been incorporated, mastery of /t/ might have been a-
chieved. There are two factors which must be mentioned in
connection with this finding: a marked decrease in correct
production of /t/ at the 4.5 to 5 year level, and the pro-
blem of testing sound element medial /%/.

It has been noted previously in Table 7 that the per-
centage of correct production for phoneme /t/ drops from 60
per cent at age level 4 to 4.5 to 20 .per cent at age 4.5 to

5. No data are available which would indicate why this de-
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TABLE 15

COMPARISON OF THE AGES AT WHICH SUBJECTS
IN THE THREE DEVELOPMENTAL STUDIES
AND THE PRESENT INVESTIGATION
MASTERED /t/ AND /k/: SOUND
ELEMENTS AND PHONEMES

Sound .
Element Investigator
Wellman Poole Templin Current
et al, (1931) (1934) (1957) | Investigation
[t/ 2 3 3 2.5 to 3
[=t=7 5 4,5 6 4 to 4.5
[~Y7 3 3 3 3.5 to 4
k=7 3 : 4.5 3 2.5 to 3
[=k=7 3 3.5 3 2.5 to 3
Va4 4 3.5 4 2.5 to 3
Phonemes (3
sound elements)
/t/ 5 4,5 6 5.5 to 6
/k/ 4 4.5 4 3 to 3.5

. Phonemes (2
" sound elements,
I1&F)

/t/ 3 3.5 3 3.5 to 4

/kx/ 4 4,5 4 2,5 to 3
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crease occurred, It is speculated, however, that had the per-
centage of correct production increased as it did at the pre-
vious 4 age levels, the required percentage of correct pro-
duction for mastery of /t/ might have been achieved within
the age limits of this studye.

Another factor which may have been involved in the late
age of mastery recorded for the phoneme /t/ in the present
study was the problem of testing a sound element in the so-
called medial position. It has been reported that the word
selected to elicit medial /%7 in this investigation wasAex-
pected to result in a characteristic example of /t/ when
customarily'produced. It also was noted, however, that 34
per cent of subjects produced a form of this eliciting word
which resulted in /=t-/ taking on some voicing character-
istics. When this occurred, the sound element was listed as
not correctly produced, thus, delaying the assigning of an
age level for mastery. As will be seen in the next section,
removal of the medial elements from the age-assigning pro-
cess resulted in /t/ being mastered at a substantially ear-
lier age level (3.5 - 4 years; refer to Table 15).

The present study has emphasized the controversy sur-
rounding the validity of assigning developmental ages by
examining phonemes in the medial positicn. AIn light of
questions surrcunding medial positicn, this study was de-
signed to calculate one set of developmental ages by exclu-
ding the medial elements from analysis. Since this data is

available, it also is compared below with Menyuk's hypothe-



sis that /t/ is necessary for the development of /k/.

When the data collected on the sound elements of me-
dial /X7 and /k/7 in the present study were excluded from a-
nalysis of mastery, results indicated that phoneme /k/ was
mastered before /t/; /k/ at age 2.5 to 3, and /t/ a year la-
ter, at 3.5 to 4 years. This is an interesting finding
since it differs from the results of the three early deve-
lopmental studies (Wellman et al., 1931; Poole, 1934; and
Templin, 1957) when their data is manipulated to exclude the
medial elements (see Table 15). The results are also of in- .
terest because they maintain the order of consonant develop-
ment (/k/ before /t/) which was established in the present
study by including 3 sound elements (I,M,F) in'the analysis
of mastery. It is the opinicn of this Investigator that
this finding also lends credibility to criticism of Menyuk's
hypothesis that /t/ must develop before /k/. As long as the
medial element is included in the analytical process of the
present study, especially with respect to /t/, justified
criticism can be leveled at the results that /k/ is mastered
prior to /t/. This is true since testing phoneme develop-
ment in the medial position has kecome a subject of contro-
versy, and since it is currently viewed as a source of little
practical information (Templin and Darley, 1969; and Templin,
1973). When the medial elements are excluded, however, the
resulting developmental ages appear to take on more validity.
This is especially true when one considers the three deve-

lopmental studies, which may have assigned "artifical" ages
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of mastery to phonemes because of the delayed developmental
ages of the medial sound element; a delay most likely caused
by the particular eliciting word used, and not the "inherent

difficulty" of the sound itself.

Mastery of Sound Elements Initial /%7 and Initial /k/

Menyuk's second hypothesis was that sound element ini-
tial /X7 is mastered at an earlier age than initial /X/. As
we have seen, support for this claim was based on the find-
ings of Wellman et al. (1931), who reported mastery of [t-7
at 2 years, one year earlier than fk-/ at three years. On
the other hand, Templin (1957) reported both initial /[%/
and /k/ were mastered at the same age, three years. This
evidence was apparently overlooked by Menyuk. Results of
the present study indicate that both initial /X7 and /%7
are mastered at the 2.5 to 3 year age level. Although these
findings do not support Menyuk's claim, neither do they con-
clusively contradict it. Comparison of the present findings
concerning initial /X7 with results of the three develop-
mental studies reveal that [k=/ is mastered earliest in the
present study at 2.5 to 3 years (see Table 15). For ini-
tial [t7, the three traditional studies report a range of
ages for mastery from 2 years (Wellman et al.) to 3 years
(Poole). The present investigation found initial /%7 mas-
tered at 2.5 to 3 years, or at the earlier end of the age
range reported by the three early studies (Table 15). The

results of the current study regarding [t-7 and /[k-7 agree
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most closely with those reported by Templin (1957), who re-
ported mastery for [t-/ and [k=/ at 3 years. It is interes-
ting to note that both the present study and that of Templin
utilized the target word "table" to elicit initial [t/

(Table 16).

Mastery of Sound Elements Medial and Final /t/ and /k/

A question posed by the design of this study concerned
ages of mastery for sound elements medial and final /[t7 and
[k7. Although not specifically mentioned by Menyuk, these
sound elements were essential in computing ages of mastery
for phonemes. In the present study, medial /[t7 was mas-
tered at age 4 to 4.5. This age 1is the earliest among the
four studies compared (see Table 15). This finding can be
explained partially be examining the word ("potato") used to
elicit the sound element. As we have seen, this word, when
customarily produced, tends to result in the production of
a characteristic example of the /t/ phoneme as it initiates
the second syllable of a word.e It also was noted, however,
that 34 per cent of all subjects altered this word by pro-
ducing it with two syllables. The resulting accustic pro-
duct was usually a voiced allaphone of /t/, and could be only
scored as incorrect. In any event, the majority of all
productions of medial [t/ (66 per cent) were made by subjects
uttering a word with a phonetic environment which did not
distort the medial sound element. Thg age of mastery for

medial /[t7 was, thus, based more on the subjects' ability to



TABLE 16

TARGET WORDS UTILIZED IN THE THREE
DEVELOPMENTAL STUDIES AND THE

PRESENT INVESTIGATION
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Sound .
Element Investigator
Wellman Poole Templin Current
et al. (1931); (1934) (1957) Investigation
-7 tub tub toes table
towel table
toe
teeth
tape
[~t=7 pretty button skating potato
little outing
[~t7 goat velvet bat coat
hat elephant skate
that
[k=7 kite cup cards cat
cow comb conduct
card
cow
[=kx=7 cookies chicken vacuum chicken
cleaner
acorn
[~X7 duck fork rake book
block truck
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correctly produce the sound than on the effects of the eli-
citing word on that sound. For this reason, it is this In-
vestigator's opinion that the age of mastery reported herein
for medial /7 is more accurate than those previously re-
ported (Wellman et al., 1931; Poole, 1934; and Templin,
1957). This Investigator also is of the opinion that the
present reported age of mastery for medial /t/ would have
been lower if all subjects had produced the full form of the
eliciting word, thus, eliminating any effects of distortion
caused by shortening the three-syllable worde.

The sound element medial /k7 aiso is mastered in the
present study at an earlier age than in any of the previous
studies. Among the four studies compared, ages of mastery
for medial /K7 span one year, from 2,5 to 3 in the present
study to 3.5 in Poole's study (see Table 15).

The only significant difference between medial /%7 and

medial /X7, found by using Fisher's Exact Test (Zelditch,

1959) was at the age level 3 to 3.5 (p=.015). At this age
level, medial /K7 was produced correctly 100 per cent of the
time and medial [t/ was produced correctly only 50 per cent
of the time (see Table 9). This single finding, when paired
with the data from the three developmental studies, would
seem to add considerable credence to the belief that medial
(k7 1s mastered by children at an earlier age than medial
L7,

Sound element final /t7 is mastered in the present

study at age 3.5 to 4 years, the latest age reported in any
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of the studies compared (Table 15). A possible factor re-
lated to this finding lies in the Investigator's insistence
that final sound elements be released with audible aspira-
tion.

Final /X7 was mastered in this study at age 2.5 to 3,
a year and six months earlier than the results reported by
Wellman et al., (1931) and Templin (1957). Neither the data
nor examination procedure provide any clues as to why this

result might have occurred.

Acquisition of Phonemes /t/ and /k/

A secondary purpose of the present study was to present
an alternative to the concept of mastery. As traditionally
defined, it is often responsible for producing results which
represent upper limits of the instrumental sound-learning
process. The intent was to determine at what age level
", e« « @& child is producing a sound correctly more often
than he is misarticulating or omitting it (Sander, 1972, p.
59).v fhe term "acquisition" was used to describe this
stage of sound learning, in relation to the two phonemes /t/
and /k/. As reported under "Results,'" both phonemes /t/ and
/k/ were found to be acquired at the 2,5 to 3 year age level.
The percentage of correct production for both sounds was
well above the necessary 51 per cent required to meet acqui-
sition criteria (see Table 10). The high percentage for
both phonemes (/t/, 100 per cent; /k/, 90 per cent) at the

2.5 to 3 year level makes it interesting to speculate what
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results might have been obtained if younger age groups had
been examined. It has been noted previously, when the de-
finition of acquisition is applied to the data of Wellman
et al. (1931) and Templin (1957), /t/ and /k/ meet criteria
for acquisition at two years of age (Sander, 1972).
Developmental ages resulting from application of ac-
quisition criteria to specific phonemes would seem to be |
most useful when accompanied in developmental tables or texts
by the ages of mastery for the same phoneme. As Sander has
suggested (1972), a single developmental table could be
utilized to incorporate both age of acquisition and mastery
for each phoneme examined. The information thus presented
would provide the speech clinician or parent with an age
range for sound development., A normative sound schedule,
developed by Sander (1972) and incorporating average and up-
per limits of correct production, was presented in Chapter

II.

Medial Position

The main focus of the current study was not directed
toward a detailed analysis of the concept of testing‘phoneme
development in the medial position within words. The ques-~
tionable utility of the concept, however, as well as its
demonstrated ambiguity and possible effects on previously
reported developmental ages, has made it imperative that the
problem be discussed. The issue also is considered here

since medial position is of direct concern to this study in
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that one set of developmental ages for /t/ and /k/ was as-
signed by using the medial sound elements. The present sec-
tion summarizes the material presented in Chapter II, pre-
sents current results relative to the medial position, and
offers several opinions as to future use of assessing arti-
culatory development in the medial position. |

The question of medial position first arose in pre-
paring the design of the current study when it was noted in
the three developmental studies that the sound element medial
[t/ was the last element of /t/ to be mastered. The words
used to elicit medial /%/ in these studies were examined,
and it was found that without exception, each of the studies
employed a word whose customary utterance produced a medial
[%7 which was either voiced, of formed but not released (see
word list, Table 16). In either case, a characteristic /t/
was not produced. Keenan's discussion of medial position
(1961) was used to present a description of a sound's rela~
tion to the syllable as a more accurate method of describing
the position of a sound element within a word. Sources also
were cited which either indicated the paucity of informa-
tion to be gained by testing phonemes in the medial position
(Templin, 1973), or gave examples of articulation tests
which, for the most part, do not assess phoﬁeme development
in the medial position (Irwin and Mussleman, 1962; and Tem-
plin and Darley, 1969).

In the present study, the Investigator dealt with me-

dial position relative to /t/ by first selecting a word to
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elicit medial /%7 which would not distort the acoustic char-
acteristics of /-t-/7 when produced. The word selected was
"potato," and the first consonant of the second syllable was
designated as the medial sound element. When this word was
pictorially or verbally presented to the subjects, 34 per
cent responded by omitting the first syllable and producing
the word as "tato" or 'tado." Thus, the Investigator in
this case was forced to score the /t/ which initiated the
second syllable as medial /%7, mainly to record a response
from each subject on the medial elements. When this shor-
tened form of "potato" was uttered, the consonant designated
as medial /%7 was usually produced with voice, thus creat-
ing, in essence, the same problem posed by the eliciting
words for medial /%7 used in the three early developmental
studies, It is to be noted also, however, that the major-
ity of subjects (66 per cent) responded with the desired
three-~syllable production of the eliciting word.

Age of mastery for the sound element medial /%7 in the
present study was 4 to 4.5 years. Since 66 per cent of all
subjects uttered the eliciting word, it is not known to what
degree the age of mastery was affected by the distorted /=t-7
produced when the eliciting word was uttered with two syl-
lables. In the present investigation, medial /%7 was mas-
tered at an earlier age than in any of the previous studies
(Wellman et al., 1931; Poole, 1934; and Templin, 1957). In
the opinion of the Investigator, this finding indicates that

the eliciting word "potato," when uttered with three syl-
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lables, probably provides a characteristic example of the
phoneme /t/ produced in the medial position. This hypothe-
sis is based on the relationship discussed above and in
Chapter II between the late ages of mastery assigned to me-
dial /%7 by the three early developmental studies and the
words used in these same studies to elicit the medial sound
element. It has been pointed out that children's produc-
tions of the words used in the three early studies to elicit
medial /f/ may have resulted in the distortion of that sound
element., The late age of mastery assigned to medial /%7 by
the three studies. is felt to have resulted because the lis-
teners could not easily hear a characteristic /t/, and not
because of any "inherent difficulty" faced by children when
producing the /t/ phoneme in the middle of a word.

In conclusion, assessment of the development of pho-
neme /t/ in the medial position was by far the most per-
plexing problem with which the Investigator had to deal in
this study. The difficulty with the chosen eliciting word
has already been discussed, and will be further reviewed
in the next section, Initially, this study was to have used
two eliciting words for medial /t7: ‘"potato" and "skating,"
The second word, which also was used by Templin, was incor-
porated in order that its resulting sound element medial
[X7 could be compared in age with that of the same sound

element produced in "potato." As we have seen, however, the

lack of agreement among a panel of judges in the pilot por-

tion to this study precluded use of this word, at least for
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the initial purpose. A possible solution to the problem of
determining the presence of a characteristic /t/ in words
such as "skating" is presented in Appendix E.

Regarding further use of the concept of the medial
position, two proposals are offered here. For purposes of
normative studies relative to articulation development, the
Investigator feels the child's ability to use and differen-
tiate a particular phoneme must be examined in depth. The

research, in this case, might make use of the system pro-

posed by Keenan (1961) where each sound is examined according

to its relationship to the syllable (prevocalic, postvoca-
lic, or intervocalic) and its position relative to the word
or phrase (external or internal). This procedure omits the
less-than-precise terms initial, medial, and final. If, on
the other hand, the clinician is interested in the child's
ability to correctly produce speech sounds, and especially
if time is important, this Investigator recommends that
speech sounds be examined only in the initial and final po-
sitions within words. This recommendation is made on the
basis of the difficulty experienced with eliciting medial
[t/ in the present study, and also the opinions presented by

Templin and Darley (1969) and Templin (1973),

Target Words Presented bv Modeling

The methodological problem of eliciting the target
word and resulting sound element also was not a primary con-

cern of this study. As with the concept of medial position,
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however, the method of presenting the stimulus word became
important when the study design was developed. This was es-
pecially true in regard to the question of possible effects
upon developmental ages resulting from presenting verbal
cues to subjects. Accordingly, in Chapter II, data were
presented which indicated that in some studies test words
which included the target sound were more often produced cor-
rectly when modeled than if the target word was represented
with pictures. While most of these studies (Snow and Mili-
sen, 1954; Carter and Buck, 1958; and Smith and Ainsworth,
1967) dealt with articulatory defective children ages six
and older, Kresheck and Socolofsky (1972) discovered essen-
tially the same result when testing normal four year old sub-
jects. Since Irwin (1972) and Templin and Darley (1969) in-
dicate the probability of some subjects requiring an auditory
model in order to produce the desired sound, the present stu-
dy planned for this contingency by designing a procedure to
provide 'a verbal model only when absolutely necessary, and
with a minimum of cues (see "Instrumentation," Chapter III).
It was decided to record the total number and percentage of
words modeled, the number and percentage of modeled words
required at each age level, and the number of instances each
specific word was modeled.

Each subject in the study produced seven words; a total
of 490 utterances. Of this total, thirty-three or 6 per cent
were modeled. Although the study was not designed to deter-

mine if differences resulted from providing an acoustic mo-
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del, it is the Iﬁvestigator's opinion that the small percen-
tage of subjects who required modeling of the stimulus word
did not substantially affect the end product, i.e., ages of
mastery for /t/ and /k/. The decreasing need to model words
at each age level seems to indicate that the child's age is
directly related to his ability to associate a wisual stimu-
lus with its appropriate "meaning," and to express this
"meaning" verbally. The results also could relate to the de-
veloping ability of the child to respond to "academic-like"
situations, requiring attention to a stimulus and a response.
It also was reported under "Results" that the three words
which requifed modeling most often were the three eliciting
words for the medial sound elements. Of these, "skating" and
"potato,"” used to elicit medial /t7, required the highest
percentages of modeling. The results obtained also indicated
that these two words required the most modeling at the 2.5
to 3 year age level. There are at least three possible
reasons for this finding. In the first place, one can spe-
culate that these words are not yet in the vocabulary of the
2 to 3 year old child. Secondly, it also is possible that
the young subject recognized the picture but was not yet at
a developmental level sufficient to allow him to verbally
respond. This point has already been mentioned. Finally,
one also wonders whether the pictures chcsen to elicit
these two words represented the optimum in terms of communi-~

cating visual cues.
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Production of a Two=-Svllable Form cf the Eliciting Word
"Potato"

As previously noted, 34 per cent of all subjects pro-
duced the word used in the present study to elicit medial /T7
as "tato" or *tado," instead of '"potato." The resulting pro-
blem of judging the medial [t/ thus produced has also been
noted. In selecting "potato" to elicit medial [t7, careful
consideration was given to the expected acoustic product,
i.e., a characteristic example of the phoneme /t/ in the
medial position. The number of syllables in the word, how-
ever, in relation to the ages of the subjects and their a-
bility to produce three-syllable utterances, was not con-
sidered. Under "Results," it was noted that the child's
ability to respond with the complete three-syllable form of
"potato" appeared to increase in direct proportion to his
age. This finding would appear to indicate that the youn-
ger children in this study were unable to produce three-syl-
lable words without shortening the word in some fashion.
Metraux (1950) has reported that the normally developing
child below the age of 54 months " . . . continues to shor-
ten or telescope wordé and phrases (1950, p. 42)." In the
present investigation, this tendency to shorten verbal units

was true only for that werd which contained three syllablese.



CHAPTER V
SUMMARY AND IMPLICATIONS
~ SUMMARY

Research in the area of children's instrumental arti-
culation development has provided the speech clinician with
schedules of speech sound development. These developmental
tables list the ages at which the specific phonemes of the
language are mastered by normal children. Such schedules
tend to give the impressicn that certain sounds must be de-
veloped before others can occur. Menyuk (1972) has ex~
pressed a similar point of view regarding the phonemes /t/
and /k/. She has hypothesized: 1) that the phoneme /t/
must develop before the phoneme /k/; and 2) that the sound
element initial /t/ is mastered at an earlier age than ini-
tial /k/. The present investigation was designed to opera-
tionally test the validity of Menyuk's observations rela-
tive to /t/ and /k/.

The primary purpose of this study was to determine
the ages at which phonemes /t/ and /k/ are mastered by nor-
mally developing children, thereby obtaining the order in
which these phonemes are learned. A secondary purpose was
to present an alternative to the cohqept of mastery of

speech sounds by determining the ages at which children ac-



quire the phonemes /t/ and /k/. Four specific questions
were posed by this study:

l. Is the phoneme /t/ mastered before the phoneme
/k/?

2. Is the sound element initial /t/ mastered before
initial /%72

3. What is the order of mastery of the remaining
two sound elements of each phoneme?

4, What is the order of acquisition of the two
phonemes?

Seventy children, ranging in ages from 2.5 to 6 years,
were selected from Portland-area preschools to serve as sub-
jects, They were selected on the basis of age, sex, socio-
economic status, auditory acuity, and intelligence. Each
child was presented with pictures designed to elicit the
phonemes /t/ and /k/ in three positions within words: initial,
medial, and final. All sound productions were judged as
correct or incorrect by the Investigator. Ages of mastery
were obtained for individual sound elements (initial,
medial, and final) and for the "complete" phonemes /t/
and /k/. Mastery of a specific sound element of /t/ or
/k/ was indicated if 75 per cent of subjects within a given
age group correctly produced the target sound. The
phonemes /t/ and /k/ were labeled as mastered if 3 sound
elements (initial, medial, final) were correctly produced
by 75 per cent of all subjects at a specific age level. Mas-
tery of phonemes also was assessed by excluding the medial
sound elements from analysis, thereby requiring correct

production of two sound elements, initial and final, by 75
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per cent of a given age group. Acquisition was determined
by noting the age where at least 51 per cent of the sub-
jects correctly produced phonemes /t/ and /k/.

Analysis of data from the present investigation pro-
duced the following results:

l. The phoneme /k/ was mastered at an earlier
age than /t/, /k/ at 3 to 3.5 years and /t/
beyond 6 years. With the medial sound ele-
ments excluded from analysis, the order of
mastery remained the same, /k/ prior to
/t/.« In this case, however, the phoneme
/k/ was mastered at age 2.5 to 3, while /t/
was mastered at age 3.5 to 4.

2. The sound elements initial /%7 and /[k7 were
mastered at the same age level, 2.5 to '3
yearse.

3. The sound element medial /k7 was mastered
at age level 2.5 to 3 years, while medial
[t/ was mastered at 4 to 4.5 years. Mas-
tery of final /[k/7 was achieved at 2.5 to 3
years, while final /%7 was mastered one
yYear later, at 3.5 to 4 years.

4, Both phonemes /t/ and /k/ met acquisition
criteria at the same age level, 2.5 to 3
years.

In conclusion, results of the present investigation
tend to contraindicate the observations made by Menyuk (1972)
relative to mastery of phonemes /t/ and /k/. Menyuk's hypo-
thesis that phoneme /t/ is necessary‘for the development of
/k/ is not supported by the data from the present studye.
Results of this study also do not support the hypothesis

that initial /%7 is mastered prior to initial /X7.
IMPLICATIONS

The present study has investigated the development of
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two phonemes in the speech of preschool children, Several
‘suggestions regarding the design of future developmental
studies are presented below.

The Investigator first suggests that the number of
subjects examined in each age group be larger than ten.

Time and economy dictated use of a small sample in the pre-
sent investigation. Statistical analysis could have been
more efficiently used, however, if the sample had included
more subjects.

The Investigator also suggests that future developmen-
tal studies exclude the medial elements from analysis of
speech sound development. The problems of assessing the
phoneme /t/ in the medial position have been discussed a-
bove. It is felt that the information gained in the present
study by utilizing medial position did not offset the metho-
dological problems encountered.

It is further suggested that target words used to e-
licit speech sounds be appropriate to the age of the sub-
jects. This suggestion is made especially with regard to
the use of three-syllable words with young children. As
reported in Chapter IV, the results of the present investi-
gafion were somewhat affected by younger subjects' inability
to reproduce a three-syllable word.

A final suggestion regarding future developmental stu-
dies concerns the use of the concepts of mastery and ac-
quisition. This Investigator feels that the development of

speech sounds can be most effectively described by assigning




102
an age range to specific phonemes, rather than a single age
of mastery. As Sander (1972) has demonstrated, the concepts
of mastery and acquisition can be used together to accom-
plish such a purpose.

The problem of determining the presence or absence of
a characteristic /t/ in words such as "skating" and "pretty"
has been discussed in Chapters II, III, and IV, The In-
vestigator feels that certain procedures could be developed
to determine the presence of a characteristic /t/ in such

words. Several suggestions are presented in Appendix E.
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APPENDIX A

A LIST OF THE PRESCHOOLS UTILIZED
IN THE PRESENT INVESTIGATION

Bright and Early Day School
Mrs. Thompson, Director

Northeast Christian Preschool and Day Nursery
Charlene Boyce, Director :

KinderLand Raleigh Hills
Mrs. Harter, Director

KinderLand Aloha
Mrs. Green, Director

The Little People's Place
Mrs. Moore, Director

Towne Carousell Day School
Mrs. Jenkins, Director

Fruit and Flowers Day Nursery
Mrs. Ousley, Director

- Kinder College.Kindergarten

LaVonne Kramer, Director

Parkrose Day Nursery
Mrs, Adams, Director

Volunteers of America Oregon Inc. Day Care Center

Mrs, Brown, Director

10¢
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APPENDIX B

INTRODUCTORY LETTER TO THE
SELECTED PRESCHOOLS

TO WHOM IT MAY CONCERN:

My name is Glenn Weybrights I am a second-year graduate
student in speech and hearing sciences at Portland State
University expecting to receive my Master of Science degree
in June, 1974, 1In partial fulfillment of that degree, I am
now in the process of collecting data for my thesis on
speech and language development in early childhood. This
study was undertaken in an attempt to resolve an apparent
conflict in the literature regarding the age of development
of the specific speech sounds /t/ and /k/. The study is
descriptive in nature, that is, existing characteristics
(in this case, language and speech) will be studied and
described, The purpose of this letter is to request your
cooperation in allowing me to examine the speech and lang-
uage development of some of the children enrolled in your
programs.

For purposes of explanation, the project can be divided into
the following three sections:

1) Location of a comparatively large group of children be-
tween the ages of 2,5 and six whose parents have occu-
pations which are comparable to occupations of the ma-
jority of United States citizens (occupation in this
study is used as an indicator of socioeconomic status;
children are selected by occupation in an effort to
control the influence that socioeconomic status might
have on speech and language development). Although lo-
cation will be done on an individual school basis, a
total of ten schools will be involved.

2) Separation of the above group into age categories. From
this group, which will include children from all ten
schools, ten children in each six-month age range will
be selected for a total of seventy children.

3) Testing. Each child in the above sample of seventy will
be visited at his own school. To rule out hearing loss
as a factor affecting study results, each child will be
given a hearing screening using a portable audiometer
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from Portland State Universitye. An auditory wvocabulary
test will also be administered to examine the effects
of vocabulary size on speech development. Lastly, a
speech development scale to determine mastery of the
sounds /t/ and /k/ will be administered. Total test
time is estimated at not more than thirty-five minutes
per child.

Results of this project will be described in the written re-
port of the study. It is not known at the present time whe-
ther the data will be published. However, in that event
each school will be contacted and permission requested.

In conclusion I should note that every effort will be made
to insure the anonymity of the children involved. Samples
of speech and language will be referred to by numbers only,
as will occupations. My chief advisor in this project is
Dr. Robert H. English whose comments and signature follow.
If you have further qguestions, feel free to contact me by
calling the speech and hearing sciences department at 229-
3533, Also, you may reach me at home at 228-7816.,

Thank you for your consideration of my redquest.

Sincerely yours,
Glenn Weybright

STATEMENT OF ADVISOR

As Director of the Program in the Speech and Hearing Sci-
ences, Department of Speech, Portland State University, I
approve the above statement of Glenn Weybright. Addition-
ally, as chairman of his thesis committee, I am in full
accord with this most worthwhile developmental project.

In this study, as in all studies we undertake, strict con-
fidentiality will be maintained.

Signed:

Robert H. English, D. Ed.
Director, Program in the
Speech and Hearing Sciences



Number:
Schools:
Birthdate:
Age Group:
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APPENDIX C

TEST RECORD FORM

Parent's Occupation Score:
Peabody Test Score:
Audiometric Screening: pass no pass

Sound Tested

Sound Element Test Words Response Type Error

/t/

/k/

t- - table
-t~ potato
=t coat

k- cat, kitty
~k- chicken
-k book

Summary of Sound Development (circle one):

/t/: mastered
acquired

(3 sound elements correct)
(2 of 3 sound elements correct)

not developed (less than 2 sound elements correct)

/k/: mastered
acquired

(3 sound elements correct)
(2 of 3 sound elements correct)

not developed (less than 2 sound elements correct)

Specific Words Which Required Modeling:



‘Target Word

l.

2,

3.
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APPENDIX D

ELICITING AND DESCRIPTIVE SENTENCES

Table

Potato

Skating

FOR EACH TARGET WORD

Eliciting And Descriptive Sentences

Eliciting Sentences:

de
be

Ce

In our kitchen, there are four

chairs and a big .
When we eat dinner, we sit at
a .

We put chairs around the .

Descriptive Sentence:

de

Here is a table that is not
very big. Now you tell me;
what is this picture?

Eliciting Sentences:

Qe

b.

Ce

Sometimes for Sunday dinner we
have gravy and mashed ' o
This is something to eat. We
can mash it, or bake it, and we
eat it with butter and salt.
It's called a .
This is what french fries are
made from. It's called a .

Descriptive Sentence:

de

This potato will soon be peeled
and cooked. Now you tell me;
what is this picture?

Eliciting Sentences:

de
be.

Ce

What's the fox doing?

The fox is having fun. What is
he doing?

This fox is going wvery fast.
Look at his feet and tell me
what he is doing.

Descriptive Sentence:

de.

This fox is skating very fast.
Now tell me; what is this pic-
ture? :



4.

5.

6e

7e

Coat

Cat

Chicken

Book
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Eliciting Sentences:
dae What is the man wearing?
b When you go outside to play in
the snow, you wear a big heavy
Ce In the winter, to keep warm
outside, I wear a warm .

Descriptive Sentence:
d. Mr., Jones bought this coat at
the store. Now tell me; what
is this picture?

Eliciting Sentences:
ae Some people like dogs, and some
people like
b He drinks milk, he's soft and
cuddly, and he says '"meow," He
is a .
Ce This is not a dogj; this is a

Descriptive Sentence:
de This cat is yellow and has
green eyes, Now you tell me;
what is this picture?

Eliciting Sentences:
dae On picnics, we eat potato salad
and brown beans, and fried ___.
b. At the farm, we see cows and
horses and ducks and
ce For Sunday dinner, Mother cooks
fried .

Descriptive Sentence:
d. Here is a mocther chicken giving
her babies a ride. Now you tell
me; what is this picture?

Eliciting Sentences:
a. At school, we read from a .
be Mother reads a story from the
big story .
ce. When she goes to school, your
sister reads from a o

Descriptive Sentence:
d. This book has many interesting
stories. Now you tell me; what
is this picture?
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APPENDIX E

THE PRESENCE OR ABSENCE OF A CHARACTERISTIC
/t/ IN THE WORD "SKATING"

An original goal of the present investigation was to -
include an analysis of the sound element medial /t/ as it
is used in the word '"skating." This procedure was designed
to produce a developmental age for medial /%7 which could
be compared with the age of mastery found by Templin (1957)
for the same sound element in the same word., The purpose
was to compare the age produced in the present study with
the age reporfed by Templin, to determine if the particular
characteristics of medial /t7 in the word "skating' func-
tioned to delay assigning of a developmental age to that
particular sound element. In the pilot to the main investi-
gation, however, the panel of judges and the Investigator
reached an agreement level of only 45 per cent regarding the
correct production of medial /t/ in thé word *'skating." Ac-
cording to the initial criterion (agreement of 80 per cent),
this result indicated the Investigator could not function as
the sole judge regarding medial /%7 in "skating."
| The low level of agreement reached on medial /%7 in
"skating," caused primarily by disagreement over the voicing
characteristic of the sound element in guestion, raised an

interesting methodological issue. It was decided to abandon
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the initial goal of assessing a developmental age for medial
/X7 in "skating," and concentrate instead on developing a
method to produce better agreement between listeners as to
the presence or absence of a characteristic /t/ in words
such as "skating." Several methods to improve agreement were
examined, including use of spectographic analysis and play-
ing tape segments backwards. After examining and discarding
these procedures, it was decided to play the pilot tape at
half speed (3 3/4 inches per second) to determine if reduced
speed affected the listene:s' perception of the sound. Us-
ing this method, the Investigator and one judge were in a-
greement 84 per cent of the time on the ten taped samples of
the word "skating.'" It therefore was decided to record all
productions of the word '"skating" during the main investi-
gation, in order that they might later be analysed at'half
speed by the panel of judges and the Investigator. It was
also agreed to listen to the tape at its recorded speed (7%
inches per second), so that the two percentages of agree-
ment might be compared. In both cases, the task of the pa-
nel and the Investigator was to determine the presence or
absence of a characteristic /t/ in the target word. By
this arrangement it was hoped that a method of obtaining a
clear sample of the production of medial /t/ in words like
"skating," where /t/ is often voiced, could be developed.

During the main investigation of development of pho-
nemes /t/ and /k/, productions of medial /%7 in "skating"

were recorded using an Ar-tik model 414 tape recorder, with
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. an Ar-tik AP 28 microphone positioned at a distance of 3
inches from the subject's mouth. The samples were recorded
at a speed of 7% inches per second. Sixty-three samples of
the target word were collected (7 samples were eliminated,
either because the target word was not clearly produced, or
because it could not be elicited). At the conclusion of the
main investigation, the resulting tape was played twice.

The first analysis was made at the recorded speed (7% inches
per second); equipment included the Ar-tik recorder and an
Ampex amplifier model 620, set at a loudness level of 4.

The second analysis requiréd that the tape be played at

3 3/4 inches per second, on a Sony 104A tape recorder set at
a loudness level of 6.

The analysis of medial /%7 in "skating" by the panel
and the Investigator produced the following agreement levels,
At 7% inches per second, the listeners reached an agreement
level of 36 per cent regarding correct or incorrect produc-
tion of medial /%7 in "skating." At 3 3/4 inches per second, .
an agreement level of 65 per cent was reached. To determine
reliability of the listeners, ten samples of "skating" were
randomly selected and again subjected to analysis at the two
recorded speeds. At 72 inches per second, the agreement le-
vel was 40 per cent, while at 3 3/4 inches per second, the
level was 70 per cent. In no case did agreement at half
speed reach the established criterion of’80 per cent., It is

noted, however, that agreement relative to correct or incor-

rect production of medial /%7 was substantially higher when
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the tape was played at half speed.

In the Investigator's opinion, the procedure of play-
ing the taped samples at a slower speed was helpful in de-
termining the presence or absence of a characteristic /t/
in the word '"skating." It is recommended that further re-
search relative to this topic be conducted to ascertain the

utility of the approaches outlined above.



