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A clinical protocol was developed for the purpose of assessing the oral and speech motor abilities of children. An 86-item test 
was administered to 90 normally developing children aged 2:6-6:11. Evaluations of the structural integrity of the vocal tract did 
not show developmental change, although evaluations of oral and speech motor functioning changed significantly with age. The 
functional portion of the protocol was most sensitive to developmental change up to age 3:6, with an asymptote in performance 
therealier. Clinical application of the protocol is discussed. 

The acquisition of speech motor control is a gradual 
process for children between birth and puberty. The 
attainment of adult speech motor control is dependent  on 
maturation of the individual's nervous system. During the 
first 24 months of life, musculoskeletal growth and neural 
maturation are critical components to the integration of 
the motor, sensory, and auditory systems necessary for 
speech development.  During this period, the child be- 
comes familiar with the various movement  parameters of 
the peripheral speech mechanism. During the next 6-10 
years of life, the gradual refinement of many temporal 
features of motor speech production is achieved (Kent, 
1976). Investigations of the movement  parameters of 
individual components (Sharkey & Folkins, 1985; Watkin 
& Fromm, 1984) and acoustic parameters (Kent & Forner, 
1980; Tingley & Allen, 1975) have demonstrated more 
variability in the performance of motor speech tasks by 
children than by adults. Temporospatial coordination of 
the individual components of the speech production 
mechanism may continue to improve until reliable con- 
trol of articulatory movements is attained at approxi- 
mately 11 years of age. 

Because preadolescent children demonstrate speech 
motor control that is unlike that of adults, the use of adult 
standards or norms in the clinical evaluation of children's 
speech and oral motor control is inappropriate. Children's 
ability to perform various speech and nonspeech motor 
tasks, and the variability that accompanies the execution 
of such tasks, precludes the use of adult-based standards 
with children. 

Administering one of the adult-based oral motor exam- 
inations (Dworkin & Culatta, 1980; Enderby, 1983; Vitali, 
1986) to children would provide, at best, limited informa- 
tion, and perhaps worse, misleading or incorrect informa- 
tion, given that these tests were intended to be used in 
the assessment of mature speech motor systems. Inaccu- 
rate performance on a test item, which may reflect a 
deficit in the adult, could represent age-appropriate per- 
formance in the child. However, the adequacy of the 
child's performance cannot be appropriately interpreted 

using scoring systems and norms intended for use with 
adult populations. The author of one such test, which was 
standardized on individuals above age 7, cautions that 
"the examiner must use professional judgment  when 
considering the efficacy of testing . . .  children younger 
than seven years of age" (Vitali, 1986, p. 1). 

The lack of a norm-referenced instrument for assessing 
oral and speech motor fimetioning in children below age 
7 makes differential diagnosis of speech and language 
disorders difficult and equivocal. For example, children 
exhibiting a specific language impairment characterized 
by a discrepancy between language comprehension and 
production, as well as children having a severely disor- 
dered speech sound system, must always be suspected of 
having a speech motor component to their disorder until 
such time as it can be ruled out. One examination of 
mentally retarded children's communication abilities re- 
vealed that over 40% of these children were deficient 
with respect to speech motor abilities (Miller, Chapman, 
& MacKenzie, 1981). Speech motor abilities must be 
considered in the clinical evaluation of speech and lan- 
guage behavior. 

The aim of this study was to construct and standardize 
a clinical instrument for evaluating oropharyngeal motor 
ability in young children. The study was designed to 
provide preliminary developmental norms for use in 
assessing the structure and function of children's devel- 
oping oropharyngeal system, using both speech tasks and 
nonlinguistic tasks. 

M E T H O D  

Subjects 

Ninety normally developing children participated in 
this study. Children ranged in age from 2:6 (years:months) 
to 6:11. Ten children (5 boys and 5 girls) were tested at 
each of nine 6-month age intervals. All 90 children 
resided in Nashville, TN, at the time of testing and were 
enrolled in either day care centers, preschool classes, or 

© 1987, American Speech-Language-Hearing Association 271 0022-4677/87/5203-0271501.00/0 



272 Journal of Speech and Hearing Disorders 52 271-277 August 1987 

elementary schools. Seventy-nine children were White, 
and 11 were Black. 

Subjects were selected for this study by soliciting 
parental cooperation through the school. Each child then 
was included on the basis of willingness to participate. 
Each child was screened for speech, language, and hear- 
ing disabilities; and none had ever been enrolled in 
intervention for communication disorders. None of the 
children ~ailed the screening. 

Children age 3 and above were screened for speech 
production using the Compton-Hutton Articulation 
Screening Test (Compton, 1978) and for language using the 
short form of the No~hwestern Syntax Screening Test 
(Ratusnik, Klee, & Ratusnik, 1980). In addition, a certified 
speech-language pathologist engaged each child in a brief 
conversation to informally judge the age appropriateness of 
speech and language abilities. Hearing was screened in 
accordance with the ASHA guidelines for identification 
audiometry (1985). Octave frequencies between .5 and 4 
kHz were tested at 20 dB HL (re ANSI-1969). 

Test Protocol 

A protocol was designed to evaluate the structure and 
function of the child's developing vocal tract, from the 
lips to the laryngeal-respiratory complex (see the Appen- 
dix). The protocol included a variety of oral motor 
(nonspeech) and speech tasks so that each of these vocal 
tract functions could be assessed independently. 

The protocol provided coverage of the 10 functional 
components (Netsell, 1980) that more generally may be 
reduced to seven major anatomical structures in the vocal 
tract, along with their associated cranial nerve innerva- 
tion: lips (CN VII), mandible (CN V), maxilla, teeth, 
tongue (CN XII), velopharynx (CN IX, X), and the laryn- 
geal-respiratory complex (CN X). In addition, a set of 
nonmeaningfill and meaningful coordinated speech 
movements were evaluated. 

Twenty-four observations were made of the child's 
vocal tract structures and their relationships (e.g., symme- 
try of the lips at rest, mandibular occlusion, height of the 
palatal arch). Each structural test item was judged to be 
either normal or abnormal (scoring 1 or 0, respectively). 

Fifty-six observations were made of vocal tract func- 
tions (e.g., lip rounding, pitch variation, and tongue 
mobility). Each of the functional tasks was judged using a 
3-point rating scale: 2 = adult-like function, 1 = emerging 
skill (e.g.,, an approximation of the target but lacking 
adult-like precision), and 0 = absent function (e.g., no 
approximation of the target behavior). Finally, a series of 
rate and duration tasks were evaluated: monosyllabic and 
polysyllabic repetition rates and maximum phonation 
time. The mean number of repetitions per second, pro- 
duced over a 3-s interval, were calculated for each of the 
three monosyllabic forms (/pM,/tA/, and/kA/) and each of 
two polysyllabic forms (/parak~k/and patticake). Subjects 
were instructed to repeat each of these forms as quickly as 
possible during the 3-s interval. Maximum phonation 
time was calculated (in seconds) during sustained vowel 

production. The six rate and duration measures constituted 
scores that were evaluated individually, and independently 
of the structural and functional scores, because their scores 
represented continuous rather than categorical values. 

Each child's performance on this clinical protocol was 
summarized by the following scores: 

(1) Total structural score (TSS)--24 points maximum 
(2) Total fimctional score (TFS) - - l l 2  points maximum 
(3) Rate and duration measures 

(a) Monosyllabic repetition rate (number/second) 
(b) Polysyllabic repetition rate (number/second) 
(c) Maximum phonation time (second) 

A list of the test items is presented in the Appendix. 

Test Administration 

The test protocol was administered to each child by a 
single examiner who was clinically certified in speech- 
language pathology. Children were tested individually in 
a quiet room in the day care center or school they 
attended. The protocol required an average of 7-10 min 
to administer. The test items were administered in the 
same order for each child, as would be done with any 
standardized test in a clinical setting. 

Items on the protocol were elicited first by verbally 
instructing the child to perform each task (e.g., "Bite your 
lower lip."), If  this was unsuccessful, the child was 
presented with a visual, and when appropriate, an audi- 
tory model to imitate (e.g., examiner instructed child to 
watch as she bit her own lip). A maximum of three 
prompts were given to elicit each behavior before the 
examiner went on to the next test item. Most of the 
children complied with the verbal instruction on the first 
trial of each item. 

R E S U L T S  

The children's performance on the test protocol was 
summarized by analyzing the total structural score (TSS), 
total functional score (TFS), and the rate and duration 
measures. Means (Ms), standard deviations (SDs), stan- 
dard errors (SEs), and ranges are reported as summary 
statistics. Differences in group mean performance across 
age levels were tested for statistical significance. No 
significant sex or race differences existed for either TSS or 
TFS; consequently, these variables were ignored in the 
analyses that follow. 

The analysis of TSS was based on the entire sample of 
90 children, whereas the analysis of TFS was based on 81 
children. Eight subjects were eliminated from the TFS 
analysis because of missing data. One or more test items 
in the protocol could not be scored due to the children's 
refusal to perform those tasks. One subject (4:6--4:11 age 
group) was omitted from the summary analyses of TFS. 
The TFS of 9!  was considered an outlier, as it was more 
than 4 standard deviations below the mean of the other 
children in the age group. 

beatepeter
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Total Structural Score 

The structural portion of the protocol consisted of 24 test 
items, each scored either 0 or 1, with a TSS of 24 points 
possible. The mean score of the entire sample was 22.8 with 
a standard deviation of 1.3 and a standard error of 0.13 
(Table 1). No statistical change was found across the age 
groups [F(8, 81) = 1.84, p > .05]. No significant increase in 
score with age was expected because, after infancy, the 
child's vocal tract anatomy does not change except for 
general structural growth and erupting dentition. 

Total Functional Score 

The evaluation of motor function consisted of 56 
items--each scored 0, 1, or 2---with 112 points possible. 
The children's performance on TFS ranged from 78 to 
112 points, with group means ranging from a low of 97 
points in the youngest group to a high of 111 in the oldest 
group (Table 2). A gradual decrease in group variability of 
TFS as the children increased in age is also displayed in 
Table 2. Both the standard deviation and standard error of 
the mean decreased with increasing age. 

The increase in mean TFS with increasing age was 
accompanied by a decrease in variability of the scores. A 
test of the equality of variances (Levene's test using 
BMDP) (1985) was clone using a one-way ANOVA com- 
puted on the absolute values of the deviations from the 
group means with the result that group variances were 
unequal [F(8, 72) = 7.62, p < .05]. Classical analysis of 
variance, in which differences in TFS as a function of age 
would be tested statistically, could not be done without 
violating the assumption of homogeneity of variance. As 
such, the Welch modification of the standard ANOVA 
(Brown & Forsythe, 1974; Welch, 1951), which does not 
assume equality of the variances across the groups, was 
computed using BMDP. The Welsh ANOVA indicated a 
statistically significant increase in TFS with increased 
age [W(8, 29) -- 5.86, p < .05]. 

Pairwise comparisons, using Bonferroni contrasts, were 
carried out to establish which group means differed 

significantly from one another. The mean TFS of age 
group 2:6-2:11 differed statistically from that of age group 
6:6-6:11 It(7) = -4.29, p < .05], and the mean TFS of age 
group 3:0--3:5 differed statistically from that of age group 
5:0-5:5 It(10) = -3.70, p < .05] and older. No adjacent 
group means differed significantly from one another. 
Separate variance estimates were used rather than pooled 
variances in deriving these comparisons because 
Levene's test demonstrated unequal variances across the 
age groups. The results of these pairwise comparisons 
lend statistical support to the impression given in Table 2 
that children in the younger age groups have demonstra- 
bly different TFSs than children in the older age groups. 
Specifically, TFSs of 99.3 and below can be seen as being 
statistically different from TFSs of 109.8 and greater. 

The TFS means and standard deviations, taken to- 
gether, of the two youngest age groups (2:6-3:5), differ 
markedly from those of the other seven groups. One 
explanation for this marked difference is that children in 
the older age groups (i.e., 3:6 and older) demonstrated 
oral and speech motor functioning that was near the 
ceiling level of the test protocol. As group mean scores 
approach the maximum score possible (TFS = 112), 
group variability, by definition, decreases. 

A stepwise multiple regression analysis was performed 
to determine which test items contributed the most vari- 
ance to TFS in this sample of normally developing 
children. Eight function items accounted for 95% of the 
variance in TFS: five items from the Coordinated Speech 
Movements section of the protocol (Items 59, 64, 65, 70, 
74 in the Appendix), two items evaluating laryngeal 
function (77, 79), and one item evaluating lip closure and 
intraoral breath pressure (9). 

These particular items account for most of the variance 
in TFS in normal children and may be of particular 
importance in differentiating such children. However, 
they may not prove to be as discriminating in the evalu- 
ation of motorically disordered children, and it is not 
suggested that they be used as a shortened version of the 
complete protocol until such time as data have been 
collected on disordered children. 

TABLE 1. Mean (M), standard deviation (SD), standard error (SE), 
and range of total structural score for each of nine age groups and 
for the entire sample (N = 90). 

TABLE 2. Mean (M), standard deviation (SD), standard error (SE), 
and range of total tractional score for each of nine age groups 
and for the entire sample (N = 81). 

Min-Max 
Age group n M SD SE scores Range 

2:6-2:11 10 22.5 0.8 0.3 22-24 2 
3:0-3:5 10 23.5 0.8 0.3 22--24 2 
3:6-3:11 10 23.0 1.2 0.4 20-24 4 
4:0-4:5 10 23.4 0.8 0.3 22-24 2 
4:6M:11 10 22.4 1.7 0.5 20-24 4 
5:0-5:5 10 23.3 0.7 0.2 22--24 2 
5:6-5:11 10 23.0 1.2 0.4 21-24 3 
6:0-6:5 10 22.0 2.0 0.6 18-24 6 
6:6-6:11 10 22.4 1.1 0.3 20-24 4 

Total sample 90 22.8 1.3 0.1 18-24 6 

Min-Max 
Age group n M SD SE scores Range 

2:6-2:11 8 97.0 9.2 3.3 78--106 28 
3:0-3:5 10 99.3 8.5 2.7 86-109 23 
3:6-3:11 8 107.1 3.8 1.3 99-111 12 
4:0-4:5 9 108.1 2.1 0.7 104-111 7 
4:6-4:11 9 109.3 2.1 0.7 106-112 6 
5:0-5:5 8 109.8 2.6 0.9 106-112 6 
5:6-5:11 10 109.8 2.6 0.8 103-112 9 
6:0-6:5 9 110.6 1.3 0.4 108-112 4 
6:6-6:11 10 111.1 1.2 0.4 108--112 4 

Total sample 81 107.0 6.5 0.7 78-112 34 
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Rate  and  D u r a t i o n  Measures  

The  final group of scores to be summar ized  is the rate 
and  durat ion measures .  Three  measures  of monosyl labic  
repe t i t ion  rate, two measures  of  polysyl lab ic  repet i t ion  
rate, and maximum phonat ion  t ime were  evaluated.  Table  
3 d isp lays  the  results  of  these  various rate and durat ion 
measures .  The  means  and s tandard deviat ions of  each age 
group are shown, as wel l  as those of the total sample  of 
chi ldren.  As was done  for TF8 ,  Levene ' s  test  for equal i ty  
of variances was per formed  for each of  the six rate and 
durat ion measures  pr ior  to stat is t ical ly tes t ing for mean 
differences across the age groups. Although/pA/,/ tA/,  and 
maximum phonat ion  t ime demons t ra ted  homogene i ty  of  
var iance across the nine age groups, the other  measures  
d id  no t : / kh / IF (8 ,  78) = 2.33, p < .05],/p~r~k~k/[F(8, 72) 
= 2.55, p < .05], patticake [F(8, 74) = 2.29, p < .05]. As 
such, statistical change with age ibr each of these  three  
measures  was eva lua ted  us ing the Welch  ANOVA. Each 
of the three measures demonstrated increases with increas- 
ing age:/kA/[W(8, 32) = 6.52, p < .05],/porokok/[W(8, 28) = 
6.31, p < .05], patticake [W(8, 30) = 5.93, p < .05]. 

Classical  ANOVAs were  per formed  on the three  mea- 
sures that  had homogeneous  variances.  Maximum phona-  
tion t ime increased  deve lopmen ta l ly  [F(8, 79) = 8.12, p < 
.05] from a mean  of  5.5 s at age group 2:6-2:11 to a mean 
of  11.5 s at age group 6:6-6:11.  Repet i t ion of /pA/  in- 
c reased  from a mean of  3.7 in the younges t  group to 5.5 in 
the o ldes t  [F(8, 79) = 3.44, p < .05]. Similari ly,  the rate of 
/tA/ repet i t ions  increased  significantly across the groups 
[F(8, 79) = 3.54, p < .05]. 

Test  Re l iab i l i t y  

The  internal  consis tency of  the protocol, an es t imate  of 
the re l iab i l i ty  of measurement ,  was evalua ted  indepen-  
den t ly  for TSS and TFS using Cronbaeh ' s  coefficient 
a lpha  (using SPSS-X rel iabi l i ty)  (1986). Cronbaeh 's  a lpha 
for TSS was .39; and for TFS,  .87. Although the re l iabi l i ty  
for T F 8  p roved  sufficiently high, that for TSS was only 
modera te .  This may be  due  in part  to the smal ler  number  

of test  i tems compr is ing  TSS: 24 i tems as compared  to 56 
i tems for TFS.  

The  s tandard errors of m e a s u r e m e n t  (SEMs) for TSS 
and TFS were  1.02 and 2.34, respect ive ly .  A practical  
appl ica t ion  of SEM can be seen  in its use for est imating,  
with a known degree  of  certainty,  the l imits wi th in  which  
the observed  test  scores ibr a g iven true score will  l ie 
(Magnusson,  1967, p. 79). For  example ,  should  an indi-  
vidual  receive  a TFS  of  100, one can state with 95% 
certainty that the ind iv idua l ' s  true TFS  would  fall some- 
where  be tw e e n  95.32 and 104.68 (obse lved  TFS - 2 
SEMs), 

I n t e r e x a m i n e r  A g r e e m e n t  

The consis tency in scoring the test  protocol,  as a func- 
tion of  examiner ,  was evaluated .  Video tape  recordings 
were  made of 18 of  the 90 subjects  (20%) dur ing  the 
adminis t ra t ion of  the protocol,  and these  in turn were  
rescored by a second examiner  for the  purpose  of  evalu-  
at ing ag reemen t  b e t w e e n  the two judges  on the same set 
of behaviors .  Because the  second  examiner  made  judg-  
ments  whi le  v iewing  v ideo tape ,  several  of  the test  i tems 
(e.g., observ ing  the uvula) could  not  be  scored because  
they  could not be  seen on v ideotape .  A graduate  s tudent  
in speech- language  pa thology was t ra ined  to use  the 
protocol  and scored each of the 18 subjects '  per formance  
on the protocol  whi le  v i ewing  the v ideotapes .  Percentage  
agreement ,  based  on i t em-by- i tem compar isons  be tween  
the two examiners ,  was c o m p u t e d  separa te ly  for the  i tems 
that  comprise  TSS and TFS.  A g r e e m e n t  b e t w e e n  exam- 
iners on the  rate and durat ion measures  was evalua ted  
using Pearson correlat ions.  

In te rexaminer  ag reemen t  on the test  i tems that com- 
p r i sed  TSS ranged from 56% to 100% across ind iv idua l  
subjects with a mean  for the  18 subjects  of  94.2%. Agree-  
men t  on TFS ranged  from 81% to 100% with a mean of 
93.8%. The  correlat ion b e t w e e n  the examiners '  judg-  
ments  of maximum phona t ion  t ime was high (r = .923) as 
was the correlat ion b e t w e e n  examiners  across the five 
rate measures  (r = .826). 

TABLE 3. Mean (M) and standard deviation (SD) of rate and duration measures for each age group 
and for the entire sample. 

Max phon 
/pM /tA/ /kM /pacokak/  patticake time 

Age group M SD M SD M SD M SD M SD M SD 

2:6-2:11 3.70 0.86 3.70 0.76 3.65 0.49 1.00 0.27 1.26 0.11 5.55 1.87 
3:0-3:5 4.66 0.80 4.56 1.02 3.82 1.45 1.06 0.29 1.36 0.32 5.51 1.49 
3:6-3:11 4.81 1.20 4.78 1.13 4.83 0.57 1.76 0.90 1.75 0.83 7.79 2,37 
4:0-4:5 4.89 1.12 4.77 1.05 4.58 1.08 1.37 0.28 1.56 0.25 8.01 2.11 
4:6-4:11 4.64 0.82 4.46 0.62 4.29 0.57 1,34 0,27 1.33 0.10 9.22 2.19 
5:0-5:5 4.76 0.84 4.82 0.85 4.56 0.94 1.40 0.43 1.58 0.28 8.06 1,97 
5:6-5:11 5.09 0.44 5.22 0.45 4.91 0.25 1.58 0.19 1.65 0.21 9.42 1.65 
6:0-6:5 5.36 0.64 5.32 0.48 4.94 0.28 1.45 0.25 1 .61  0.23 10.99 3.06 
6:6-6:11 5.51 0.43 5.37 0.72 4.85 0.71 1.72 0.19 1.64 0,26 11.47 3.02 

Total sample 4.85 0.92 4.80 0.91 4.51 0.88 1.43 0,44 1.54 0.38 8.51 2.91 
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D I S C U S S I O N  

The aim of this project was to construct a clinically 
useful instrument for evaluating oropharyngeal motor 
abilities of young children. Vocal tract anatomy and 
changes in oropharyngeal motor skills were studied 
across nine age groups. The protocol can be administered 
in 7-10 rain, and a child's performance can be compared 
to preliminary developmental norms based on 90 nor- 
mally developing children. 

No significant change occurred in total structural score 
between ages 2:6 and 6:11. This finding reflects the 
dramatic reduction of "anatomic remodeling" (Kent, 
1980) for the age range studied. An example of early 
anatomical change is seen in the proximity of the larynx 
and nasopharynx during the first months of life, thus 
restricting the infant to nasal breathing and nasalized 
vocalizations. The separation of epiglottis and velum at 
3--6 months of age, and with it the transition from nasal to 
oral breathing, correlates with the production of non- 
nasalized vowels. In the age range investigated in this 
study, less dramatic changes were observed, such as 
general structural growth and erupting dentition. 

A statistically significant increase in mean total func- 
tional score was observed across the age range studied. 
This increase is consistent with previous research that 
suggests developmental maturation of the oropharyngeal 
motor systems (Kent, 1976). The TFS increased by an 
average of 10 points between ages "2:6 and 3:11 and by 
only 4 points from that point onward. At least two expla- 
nations might account for this asymptote. First, there may 
be different types of developmental motor processes for 
oropharyngeal skills. One type of process takes place 
prior to age 4. Sharkey and Folkins (1985) related this 
process to the organization of the motor system that 
produces relatively consistent opening movement  dura- 
tions, open posture durations, and interarticulatory tim- 
ing of lip and jaw movements. They described a second 
type of process that may be involved in refining move- 
ment  organization at intermediate ages or "fine tuning" 
the motor system. An alternative explanation for this 
asymptote is that the protocol in its present form is most 
sensitive to tracking early development and is less sensi- 
tive, or insensitive, to monitoring later motor develop- 
ment. 

Although the increase in group means for TFS is less 
pronounced after age 4:0, the variability in group per- 
formance decreases by a factor of 3 between ages 3:6 and 
6:11. The decreasing variance with age is seen as support 
for a fine tuning hypothesis. These data also suggest that, 
as children get older, they become more homogeneous 
with respect to their age peers. Corroborative evidence 
can be found in studies that have explored the token-to- 
token variability of speech motor processes by inference 
from acoustic measurements (DiSimoni, 1974a, 1974b, 
1974c; Eguchi & Hirsh, 1969; Kent & Forner, 1980; 
Tingley & Allen, 1975), analyses of intraoral air pressure 
(Flege, 1982), and lip displacement measures (Sharkey & 
Folkins, 1985; Watkin & Fromm, 1984). In general, these 

studies showed decreased variability of selected param- 
eters with increasing age up to puberty. 

A marked decrease in the variability of walking (Rose- 
Jaeobs, 1983) and handwriting movements (Goodgold, 
1983) occurs between 3 and 5 years of age. Similarly, 
speech motor skills may show marked development  prior 
to the ages that have been studied in the past (4, 6-7, and 
10-12 years of age in the acoustic studies cited earlier). 
The age groups studied in the present investigation were 
chosen with this in mind. Although token-to-token vari- 
ability was not addressed in the present study, the reduc- 
tion of the standard deviation noted in Table 2 shows that 
the largest decrease in variability occurred between ages 
2:6 and 3:11. This finding of early acquisition in the speech 
motor system corroborates Eguchi and Hirsh's (1969) anal- 
ogous finding in the acoustic domain that the largest de- 
crease in variability of vowel formant frequency and voice 
onset time (VOT) occurred between 3 and 4 years. 

The eight items that accounted for most of the variance 
in TFS included five items from Coordinated Speech 
Movements (Items 59, 64, 65, 70, and 74), two paralinguistic 
items (Items 77 and 79), and one nonspeech item (Item 9). 
The combination of mnsculoskeletal components involved 
in this group of items does not suggest a particular structure 
or cranial nerve innervation that may be responsible for 
developmental differentiation of function among normally 
developing children. Even for the nonspeech item (puff 
cheeks), a tight labial seal (CN VII) in conjunction with 
adequate velopharyngeal closure (CN IX and X) is neces- 
sary. Thus, the change in coordination of activity among 
various vocal tract components may be a characteristic that 
most distinguishes oropharyngeal behavior as a function of 
age in normal children. 

Evaluating whether this protocol is sensitive to differ- 
entiating normal from disordered groups of children is 
warranted. Such an evaluation may produce a similar 
group of test items as was reported above. Should an 
alternative group of discriminating items be found, they 
may reflect patterns of deficits in specific structures and 
associated innervations that best account for differences 
not only between normal and disordered groups, but 
among various disordered groups as well. 

In summary, TFS showed a significant mean increase 
and a marked decrease in variability across the age range 
studied. This finding supports Kent's observation (1976) 
that as normal children get older, their speech and oral 
motor performance gradually changes until adult-like 
targets are achieved. 

All of the syllable repetition rates showed a significant 
developmental increase with age. A consistent finding of 
studies on children's speech production is that children 
younger than 6 years have longer speech segment dura- 
tions than do older children and adults (DiSimoni, 1974a, 
1974b, 1974c; Gilbert & Purves, 1977; Hawkins, 1973; 
Kent & Forner, 1980; Naeser, 1970; Smith, 1978; 
Subtelny, Worth, & Sakuda, 1966). 

The significant developmental increase in maximum 
phonation time corroborates the results of other studies 
(Finnegan, 1984; Harden & Looney, 1984; Tait, Michel, 
& Carpenter, 1980). Possible factors contributing to the 
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differences b e t w e e n  age groups inc lude  growth in phys- 
ical a t t r ibu te s - - such  as he ight  and w e i g h t - - d e g r e e  of 
effort exerted,  and motivation.  

This  cl inical  protocol  assesses the structural and fune- 
t ional in tegr i ty  of  the vocal tract. I t  is sensi t ive to the 
increas ing range of  speech and oral motor abil i t ies  of  
ch i ld ren  as they  grow older  and the accuracy with which 
ch i ld ren  progress ive ly  approximate  adul t  vocal tract tar- 
gets. The  protocol  and p re l iminary  normat ive  data de- 
sc r ibed  in this paper  should  provide  useful information in 
the cl inical  assessment  of  speech  and language behavior  
in chi ldren.  Addi t ional  evaluat ion of the protocol  is 
n e e d e d  to de t e rmine  whe the r  the protocol  is sensi t ive to 
dif ferent ia t ing normal ly  deve lop ing  ch i ldren  from chil- 
dren  with congeni ta l  or aequi red  disorders  affecting 
oropharyngea l  motor  control. 
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A P P E N D I X  

Oral and Speech Motor Control Protocol 

Lips (CN VII) Tongue (CN XII) Oral function: 
Structure at rest: Structure at rest: 52. Cough, laugh, or cry 

1. Symmetry "28. Symmetry Speech function: 
2. Relationship (open vs. closed) 29. Carriage 81. Maximum phonation time 

Oral function: 30. Fasciculations (in seconds):/a:/ 
3. Rounding 31. Furrowing 53. Pitch variation 
4. Protrusion (blowing) 32. Atrophy 54. Loudness variation 
5. Retraction 33. Hypertrophy 55. /ha.ha.ha/ 
6. Alternate pucker/smile Oral function: Coordinated speech movements 
7. Bite lower lip 34. Protrusion 56. (82) ~'/pA/repetitions 
8. Lip seal 35. Elevation to alveolar ridge 57. (83)" /ta/ repetitions 
9. Putt'cheeks 36. Anterior-posterior sweep 58. (84) a/kA/repetitions 

10. Open-close lips 37. Interdental 59. (85) a/parakak/repetitions 
Speech function: Speech function: 60. (86) ~ patticake repetitions 

11. Rounding/d~./ 38. Elevation to alveolar ridge: 6i. you 
12. Protrusion/u:/ /n/,/t/, or 3/ 62. top 
i3. Retraction/i:/ 39. Touch lateral edges of tongue 63. beef 
14. Alternate/u/,/i/ to teeth:/s/or/f/  64. fhme 
15. Bite lower lip/f/ 40. Interdental:/0/ 65. cowboy 
i6. Open-close lips/mA/ 41. Posterior tongue to palate: 66. band-aid 

Mandible (CN V) /k/or/g/ 67. half time 
Structure at rest: Velopharynx (CN X) 68. banana 

17. Symmetry Structure at rest: 69. kitty cat 
18. Occlusion 42. Symmetry 70. puppy dog 
19. Size (re: facial features) 43. Uvula 7i. conmmnicate 

Oral function: 44. Tonsils 72. 1950 
20. Excursion (click teeth 5x) 45. Vault height 73. potato head 

Maxilla 46. Palatal juncture (palpate) 74. Winnie the Pooh 
Structure at rest: Oral function: Speech sample 

21. Symmetry 47. Blow on cold mirror Prosodg: 
22. Size 48. Suck through straw 75. Rate 

Teeth Speech function: 76. Intonation 
23. Decay 49. /a:/ Voice: 
24. Alignment 50. /ha.ha.ha/ 77. Pitch 
25. Gaps Larynx-Respiration (CN X) 78. Loudness 
26. Missing Structure at rest: 79. Quality 
27. Occlusion (re: maxillary teeth) 51. Posture during quiet breathing 80. Nasal resonance 

qtems 56-60 are scored for articulatory accuracy, and Items 82-86 ~br mean number of repetitions per second over 3 s. 


