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To determine factors influencing the

vermanency of a protrusticnal 1lisp and to inccrporate thenm
into predictive orcfiles, arrroximately 8,00C kindergarten
children were screeneé@ four articulation and those appearing
to have a protrusicnal lisp were tested individually. The
1,083 subjects exhibiting such a lisp were examined
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semiannually for 4 years with a battery cf speech and other
tests] their schcol records were assessed; no sgeech
therapy was given. The data for the 1475 subjects who
remained, Lkased on recovery and nonrecovery ty the end of
grade 3, were fcrmulated into seven profiles, cme for each
testing period. The pattern indicated that no single test
oT subtest proved to ke rredictive at all pericds. Results
demcnstrated a consistent increase in the numker of
sukjects recovering, with S5€% recovering without therapy.
Higher reccvery rates were found among subjects with a
protrusional list cnly or with less severe articulation
prcklems initially and mcre rapid reduction of errors
throughout. Also, sukjects rrecducing t,4,n,1] with the
tongue tir end not the rlade had a ketter chance to recover

without therapy.
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SULHARY

Background

Prcvious reccarch has found that more children misarticulate the
[s] than any other sound. A large number of defective [s] sounds are
protrusional lisps. It is known that some children correct a lisp
without speech therapy while others do not. If predictive instruments
were availadble to identify those kindergarten and first grade children
who will spontaneously correct a protrusional lisp without therapy,
time could be used moro profitably with those who will retain the lisp.

Objectives

The cbjectives of this study were to examine various factors which
may influence the permanency of a protrusional liso and to incorporate
the significant factors into predictive profiles for retention or
racovery.

Procedures

Approximately 8000 kindergarien children were administered an
articulation screening test by specially trained speech clinicians
employed by the Seattle Public Schools. Those children who appeared
to have a protrusional lisp received an individual articulation test.
A protrusicnal lisp was definad as any tongue protrusion anierior to
the upver central incisors. The 1043 subjects who exhibited a
protrusional lisp on the articulation test were examined semi-annually
for the four years of the study with a battery of tests which included
articulation, nonsense syllable, sound discrimination, tongue mobility,
dental classification, swallow pattern, peripheral specch mechanism
and diadochokincsis. In addition, the subjects were examined for
nuscular control, auditory acuity, psycholinguistic ability, social
maturity, and intelligence. Reading readiness scores, achievement
scores, school grades, and general health inforimation were obtained
from school records. Subjects did not receive speech therapy while
they were enrolled in the study.

Resulis and Recommendations

At the cnd of the four years of periodic tests, U475 subjects
remained in the study. The data, based on recovery and non-reccvery
from a protrusional. lisp by the end of third grade, were Iormulated
into profiles of tests and subtests. The seven profiles represented
testing at sixz month intervals from the beginning of kindergarten
“hrough the beginning of third grade. The pattern of tests and
subtests in the profiles indicated that no single test or subtest, by
itself, proved to ke predictive at all testing periods.

The results also permiit some observations. A consistent incruase
in the number of subjects who had recovered was maintained through all
the testing periods. In addition, the data showed that 58% of the
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sunjects had recovered irom a protrusional lisp without speech therapy.

Hore subjects who had only a protrusional lisp vecovered by the
end of third grade than subjects who had a protrusional lisp along with
errors on other sounds articuloted with the tongue and sounds
articulated with the lips.

Subjects in the recovery group tended to have a slightly less
severe articulation problcm when they begen the study, as measured by
the number of errors, and reduced the errors:more rapidly than subjects
in *the non-recovery group.

The data showed that subjects with a protrusional lisp articulated
[t, 4, n, 1] differantly than usually described in the literature.
Subjects at the beginning of kindergarten had a better chance to
recover from a protrusional lisp without speech therapy if they
produced [t, d, n, 1] with the tongue tip rather than the tongue blade.

The profiles were compiled from the results of a group of testing
instruments and were cross-validated on a subsample of the subjects.
For further research, the profiles might be tested on other populations
of kindergarten through third grade children to determine predictability
of recovery and non-recovery from a protrusional lisp.




INTRODUCTIOH

Background

In a study of over 15,000 first grade children, it was found that
more children misarticulated the [s] than any other sound (Pendergast
et al., 1966). A large number of the defective [s] sounds were
protrusional lisps. It is known that some children correct a lisp
without speech therapy while others do not. But when children in
kindergarten or first grade have a protrusional lisp, it is difficult
to identify those who eventually will need speech therapy. Siandardized
criteria are needed to select those children who will not correct a
protrusional lisp without speech therapy so that remedial measures may
be started early. Also, if children who will correct a protrusional
lisp without therapy could be identified, therapy time could be used
more profitably with those who will retain the lisp.

Related Literature

Steer and Drexler (1260) said, "If it were possible to identify
in kindergarten ox first grade those children who would not achieve
good articulation thrcugh the normal process of maturation, the problem
of case selection would be greatly simplified." A need for predictive
instruments has been generally acknowledged and some studies have
attempted to identify these instruments (Carter and Buck, 1958;
Farquhar, 1961; Pettit, 1957; Steer and Drexler, 1960; Irwin et al.,
1966; Van Riper, 1966, 1968).

The research which has been conducted prior to the present study
and subsequent to its inception has tested many factors which might be
predictive. In a review of a number of these studies, Pronovost (1966)
suggested that "...a battery of tests be used to assess all factors
which have been clinically assumed to be causal factors in articulatory
disorders."” He also stated that, "Children who demonstrate average or
above-average ability on the entire test battery should show
significant improvement in articulation proficiency..."

These previous studies examined a variety of articulation problems,
so it was felt that more precise predictions might be attained if the
examination vere limited to one articulation problem, the Pprotrusional
lisp. Therefore, in the present study, many of the factors generally
considered to affect articulatory disorders were applied to children
having a protrusional lisp.

Objectives

One objective of this study wes to examine varicus factors which
may influerce the permanency of a protrusional lisp. Another was to
incorporate significant factors into predictive profiles to identify
those children who will and those who will not correct a protrusional
lisp without speech therapy.

[ ——




PROCEDURES

Experimental Design

Each of the approximately 8,000 kindergarten children in the
Seattle Public Schools was administered an articulation screening test.
Those children who appeared to have a protrusional lisp were
administered an individual articulation test. Permission to take part
in the study and background information through a questionnaire were
obtained from the parents of those children-who exhibited a protrusional
lisp on the complete articulation test. The subjects were tested every
October and April for four years with a battery of tests which included
articulation, nonsense syllable, sound discrimination, tongue mobility,
peripheral speech mechanism and diadochokinesis. An orthodontic
examination which noted the dental classification and swallow pattern
also were given every six months. The subjects were examined for
muscular control, auditory acuity, psycholinguistic ability, social
maturity, and intelligence. Reading readiness scores, achievement
scores, school grades, and general health information were obtained
from school records. All of the data was statistically treated by
Professor James A. VWalsh, Department of Psychology, Iowa State
University. Subjects did not receive speech therapy while they were
enrolled in the study.

Examiners

The examiners were speech clinicians employed by the Seattle
Public Schools. One or more training sessions were conducted prior to
administering the four standardized tests and each of the eight semi
annual administrations of the battery of tests. Each speech clinician
vas provided with a mamual of test instructions for this battery of
tests. The instructions for all tests were vead, demonstrated, and
discussed. In addition to these formal training sessions, all speech
clinicians new to the staff cach year were advised, six weeks prior to
the testing period, ~f the kinds of judgments they would be required to
make.

Interrater reliability for the articulation testing was established
with the Photo Articulation Test (PAT). Five randomly sclected
examiners judged the same articulation responses of fifteen children.

As each child responded to a PAT picture, the examiners made an
independent judgment and scored it on a recording sheet which was not
visible to the other examiners. Using this method, mean interrater
reliability was .988.

Subject Selection

This study was begun in October, 1964, with the selection of
subjects from the kindergarten population of the 88 elementary
schools of the Seattle Public Schools. Because many firsc graders have
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nicsing incisors®, it wus necestary to initiate the siudy vith subjedis
who were bepinning kindergorten &énd who had not lost their dociduous
teeth. Children who wore yepeating kindergartun weve ezcluded. A
speaech scereening test swuntence for subject sclection was given to

7,931 kindergarten children. The sentence, nghe lives in a little red
house with her brothers and sisters,” was an adaptation of the
screening sentence used in previous research (Pendergast et al., 1966).
The original sentence, “She lices in ° 1ittle red house with her
brother, Gary, and her sister, Kay," ras validated by one exaniney
screening 52 first grade children with the sentence and a second
examiner administering the Bryugleson-Glaspey Test to the same 92
children. MNo children were found by the Bryngleson-Glaspey Test who
had not already been identified as having [s-z] errors by the screening
sentence. To shorten the sentence for kindergarten chilédren and to
include two more [z] scunds, the words "Gary" and "Kay," were omitced
and "brother' and "sister" were pluralized. Each child was asked to
say this sentence according to Instructions for Administering the
Screening Test, PL-3a (Appendixz A4). Any child who apgpeared to have a
protrusional lisp on one or more of tne [s-z] sounds in the sentence
was tested on the first 6 items of the PAT as described in Instructions
for Administering the First Photo Articulation Test, PL-3b (Appendix A).
For the vurposcs of this study, a protrusional lisp vas defined as any
tongue protrusion anterior to the upper central incisors. This
screening and testing procedure sdentificd 1,013 children (13%) with a
protrusional lisp.

A letter, PL-1 (Appendix A), requesting approval for each child
to participate in the .tudy, was sent to the parents of all the
children who had a protrusional lisp. There were 98 parents who did
not respond and 51 who did not give their approval. There remained
89y children at the beginning of the first series of periodic tests.

During the four years of the study, some children moved from the
city, transferred to private schools, were absent for one of the
manny periodic tests or for various reasons could not be included in
the final group of 475 subjects for vwhom all tests and examinations

were complete. A summary of subject attrition for the entire term of
the study is found in Appendix B.

Of the 475 subjects, 221 were girls and 25% were boys. Their age
range at the beginning of the study was four years ten months to six
years eight months with a meal of five years five months. The
distribution according to race was: Caucasian 368, Negro 69,

Oriental 32, and othur 6.

J

% Snow (1961) found that more first gradc children with defective or
missing upper central incisors misarticulated the [s-z] than did
children with normal tecth.

5




TESTS, LXAULNATIONS, AND SUBJLCT INFORATICH

Articulation Test

Research by Snow and Hiliscn (195%), examining the ditference
between pictorial and imitative presentation of the stimuli fou
articulation testing, i éicated that "...the picture, not the oral,

test should be preferred when testing the articulation of children.”
This finding was supported by Siczel, Winitz, and Corkey (1963) and
Carter and Buck {1958). An experimental edition of the Photo
Articulation Test (PAT) (Pendergast et al., 1969), which is a pictorial
presentation of stimuli, was chosen beczuse the phiotographs were more
readily recognized by kindergarten children than tests usinZ pictures
with line drewings.

The test was administered according to Instructions for
Administering the Photo Articulation Test, PL-3c (&ppendix A).
Mlsa“tlculaglo“s wzre recorded on the Phcto Articulation Test foria,
PL-3 (Appendix A4).

It has been recognized that error sounds are not consistently
misarticulatad but may be correct 1y produced at times. This
inconsistency of articulation has been noted by Van Riper and Irwin
(1958), Templin and Darley (1950), lcDonald (1964), and Bacr and
Winitz (1S uS) historically, it has been assumed that the frequency
of correct articulations of a sound would pradict its probable
generdllzatlop to all p051t10ns and contexts. Thnerefore, if a sound
is articulated correctly in most contexts, the sound would be learned
without speech therapy. However, Baer and Winitz (1968) found their
low-error and average-error groups “...showed similar acguisition and
performance rates of the [v] sound with repeated sound stimulation."
Error frequency did not account for the similarit ty in learning. It
should be pointed out that this conclusion was based on a change
after a period of prescribed training and does not neczssarily preclude
the assumption that consistency of articulation is a predictor of sound
learning without training.

Nonsense Syllahle Test

The ability to imitate nonsense syllables containing the sound
misarticulated on a pictorially presented articulation test has proved
to be a fairly relisble pradictive factor in previous research. Carter
and Buck (1958) reported, "In using the Nonsense-syllable type test as
compar:zd with the Spontenecous Test, the specch therapist might expect
that thesce children who make no correction on this test will neced
therapy to corrcct their misarticulation:." In her predictive study,
Farquiar (1881) reaffirmed these findinrcs and concluded, "The resulis
of this study suggest thai the specch clinician may utilize the
imitation of words and nonsense sy11ablcs as prognostic teols.”" A
noasense syllable test was included in this study to determine its
predictebility on the permanency of a protrusional lisp.




A tast sinmilay to, but shorter thun, the Carter and Buck wos
forculated. This was accewplishiud by limating the test to only one
vewel [ ¢l cather than thres vouels as in the Coavter anc Luck. This
test was constrasted o the order cf syllables was the saue as the
order of sounds on the PAT. The examiner tested only the itens
corresponding to the misarticulated sounds on the PAT. Instructions
for Administering the onsense Syllabie Test PL-%a and recording form
PL-4 are in Appendiz A.

Sound Discriminction Test

Research to examine the relationship betuween auditory
discrimination ability and articulation ability has indicated equivocal
conclusions. The findings of Cohen aund Diehl (1963), Kronvall and
Diehl (195%), Farquhar (1361), Schiefclbusch and Lindscy (1958), Sherman
and Geith (1967), Weiner (1967), and Vepman (1960) showed significant
relationships between discrimination and articulation, while those of
Aungst and Frick (1964), Hansen (19u4), and Prins (1963) did not.

A survey of the literature by Powers (in Travis, 1957) showed that
u__.studies on speech-sourd discrimination as related to articulation
skill are seen to be conflicting and inconclasive." Sha indicated
that ¥...the great weight of evidence is against there being a
systematic inferiority of functional articulatcry defectives in ability
to discriminate speech sounds.”

Other authors have considered auditory discrimination ability as a
possible predictor of articulation improvement. Dickson (1962)
suggested that speech-sound discrimination ability has minimal value in
predicting spontaneous clinmination of articulation errors. However,
Pronovost (in Webster et al., 13966) "...found very few children with
misarticulations who had low auditory discrimination scores, but when
both abilities were low there was less tendency for articulatory
proficiency to improve."

A sound discrimination test was included in the battery of tests
because of itz possible value as a predictor of either retention or
recovery from a protrusional lisp. The standard tests werc not used
because of interest in only the subject's ability to discriminate the
sibilant sounds along with [ 0] and [0]. A test was devised similar
to that used by Pendergast (1952) in which "Each conscnant phonetic
element was natched with another acoustically similar conscnant
phonetic element, witi two acoustically different conscnant phonetic
elements and with itself.” The present adaptation was limited to
fiftcen pairs of consonant phonetic elements conbined with [ al. The
five different sibilant pairs werc arranged in an increasing order of
discrinination difficulty and the [0] and [ 3] pairs were added. The
eight similar pairs were randomly interspersed with the scven aifferent
pairs. This test was administercd verbally to cach subject individually
in the nanncr described in Instructions for Administering the Sound
Discrimination Test, PL-5a (Appendix A) and recorded ca PL-5
(Appendix A).




Ton va: Tip Lxueination

Standard clansifications deseribe the involverent of the tonju
aud alveoler ridsze in the prounction of cuertain counds. For the
production of [t, 4], Carsell end Tiifuny (1860) note that "...the
tongvetip is placed on the alveslar ridge hehind the upper central
teeth, ond the lateral narzins of the tonjus are in contacl with the
tecth and guws in such a way as to forn an alrtight closure.”
Similarly, for [n] procduction, ¥...the tongustip is placed on the
alvcolar ridre, with the sides of the tongu¢ in contact with the tecth
and guss." Also, [1] "...is made with the tonguetip apainst the
alveolar ridse, but with the tongue adjusted in such a wmanuer that
its margins do not touch the tecetn and gums at the sides.™

Houwever, therapy experience has shown that childeren with a
protrusioral lisp sometimes produce acoustically acceptable [t, d, n, 1]
with the tongue Llade as they place the tongue tip either anterior to
the upper ccntral incisors or posterior to the lower ceatral incisors.
The tongue end alveolar ridge are used in the production of both
[t, 4, n, 11 and [s, z]. It was decided to investigste the production
of [t, 4, n, 1] ir this study because of the possibility that their
manner of production might be of value in predicting retention of a
protrusional lisp or thz development of normal [s, z].

- -

Four shori seirtences were designed so the subject's tongue
positions for his preduction of [t, &, n, 1] could be observed. To
facilitate observations of tongjue positions, words coutaining sounds
such as [p, b, m] which would have obstructed the examiner's view were
excluded. Fach sentence was constructed so the sound being tested
either initiated the scentence, ended the sentence, or was preceded and
followad Ly & vowel. Antero-posiero tongue tip position was judged as
described in the Iustivuctions for Administering the Tongue Tip
Examination, PL-6a, and rccorded on Tongue Tip Examination Form, PL-6
(Appeadix A).

Spcech Hechanisin Ixamination

Ir meny studies, subjects are excluded because of varicus
physical anomalies of the peripheral speech mechanism. however, some
children with a protrusional lisp have these anomzlics and must be
included in the therapy program. Thercfore, in the prescni study,
subjects with tongue, palate, and alveolar ridge devistions were not
excluded so the effect of these factors upon the permanency oF a
proteusional lisp could be examined.

Accepted diagnostic procedurcs include the examination of the
attachront of the fronun becanss of its possible effect on tongue
mobility. LEven though accustically accaptable produclion of ls, Z]
is comronly fouad in caildren with various degrecs of fremu
attachinent, it was thourht that the ability to elevaic the tonguc
might have a valug in prodictiug the pormencucy of a protrusional lisp.




Gross judgnenis of palate shape and alveolar ridze width were
included in the Specch Hecuanisu Lxomination because the palate and
ridge arc involved in the production of [s, z].

Evidence in the literaturc shous the relationship between
visceral swallowing patlerns and deviant production of certain speach
sounds. WYard ot al. (1961) stated that "...visceral swallowing in
children with sound distortions at the first grade level may well have
predictive value.... (It) may be a complicating factor interfering
with the nornmal development of tongue=tip phoncmes.” The resilts of a
study by Fletcher, Casteel, and Bradley (1961), ", ..indicated that the
subject with a tongue-thrust swallow was much more likely to have
associated sibilant distortion than was the subject without this
pattern of swallowing." Because of this relationship between swallow
patterns and sound production, along with the pessibility of swallow
characteristics being a predictor of change in sibilant sound
production, an examination for facial grimace and tongue protrusion
during a swallow was indicated.

The ability to move tongue and lips is important in the production
of [s, z]. Tests of diadochokincsis were foriulated to investigate the
possible relationship of this ability to the retention of a
protrusional lisp. Wase (1946) comparsd fifth and sizth grade
articulatory defective boys with normal speakers on several actions of
the speech mechanism. ile found no significant differences between the
two groups on any of these tests. A report by Pronovost (in ¥ebster
et al., 1966) indicates that "Children who wera unable to execute
rapid, rhythmical movements of the tongue (in-out, side to side,
tapping alveolar ridge, etc.), or whose movements were sluggish,
tended to show less progress in articulatory development.™

Therefore, degree of frenum attachment,; palate shape, alveolar
ridge width, facial grimace and tongue protrusion during a swallow,
and diadochokinetic abilities were judged according to instructions for
administering the Specch Hechanism Lxamination, FL-7a, and recorded on

PL-7 (Appendix A).

Orthodontic Examination

Snow (1961) studied the relationship of certain sounds, including
[s, z] to the condition of the upper incisors. She found a gveater
number of children misarticulated these sounds when they had missing
or abnormal upper incisors. However, she pointed out that 70% of the
children with missing or abnownal incisors correctly articulated the

[s].

Bankson and Byrne (1962) tested the iafluence of missing teeth on
[s, J, T, z]. They found no statistically signilicant relationship
betwaen the prescnce or absince of tceth among, children who produced

the sounds incorrcctiy before the loss of their deciduous tecth.

Secauze the present research was designed to study protrusion2l lisps,
an investigation wos made of the presencs or absence of teeth for
theiyr possible predictive valus.




Janl: ¢t al. (1801) staten Yo, we can note that mildocclusion
appeaved so frzquently in the popelition studied th 2t At merits
consideraticn as ithe statinlienl nosi." To investipgate further the
naturce of nuloceclusioma, the present tu“y lnclufcd reasurensnts of
overbite, overjet, and openbite to determing their possible iniluence

on the retention of a protrusional lisp.

A pedodontist and two speech clinicians (Ward et al., 1961)
studied the articulation, swallow pattern, and i th of 358 children in
grades 1-3. Subtelny and Subtelny (1962), an ontuodon ist and a speech
clinician, studied subjects with the Class II, division 1 type of
malocclusion to explore normal proirusive tongue habits during spcech
and swallowing in relation to this type of malocclusion. The present
study also includcd dental classifications made by dental specialists.
The Dean of the School of Orthodentics, University of Vashington,
formulated Orthodontic Lxamination, FI~8 (Appendix A), for the
recording of judgments by practicing dentlists enrolled in the School of
Orthodontics.

épdiometric Test

Historically, hearing acuity has been assumezd to be welated to
articulation proficiency. Because the present study was designed to
examine any factor which might influence the permanercy of a
protrusional lisp, subjects with hearing losses wers not excluded.

The subjects werz scrcened for hearing at 25 decibels (ISO) for
500 cycles and 20 decibels (ISO) for 2000 and 4000 cycles either by
the audiologist or the audiometrist of Seattle Public Schools as a
part of the routine screc ﬁxng of first grade children. Any child who
failed the screening was given a full scale audiometric examination.
Of the u475 subjects, 35 (7.4%) had a mild to moderate hearing loss in
one or both ears, but these subjects werc not excluded.

The Osercisky Tests of Motor Proficiency

Previous research as presented by Jenkins and Lohr (1964) has
pointed out conflicting conclusiovns regarding the ralationship
between motor ability and articulation disorders. However, in their
study, they found that "...children with severe articulation aefeocts
do on the average have move difficulty in rmotor proficiency, as
measuvred by the Oserstsky tests, then do children without severe
articulation disorders.” Dickscn (1262) found that "Children who had
outzroun spaech evrors... woere able to complete sijniFicantly more
motor tasks successiully than those who had nol cuigrown thelr speuch
errors...." lie proposcd "...that a gross motor dﬂfl it a:j be related
to articulalicn errove but may not nocersarily be menifested in
iscolated fine motor functions....”

For the prascnt raccarch, a pilot project on the Qzercotsky 1
of Hotor Profizicency was decinsd. Conmparizons woers mane belween
three tenting procodores: () the toroiete lest as droseribed in the
renual, (b) the level corvrespenziing to tus subjecil's gpe and the
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levels irucdiateldy precading cud fellowing his age, and {c) the
swhijeets aze level only. Proceduvas () and (b) proved to be
excessively iinmz cousuming bacauce each tent took fyom one to tro
hours. This pilot project alco shiowed thet levels other thon the
subject's are level added ne significant inforation to the rotor
perforiaunce cvaluation. Therefore, only the age level of each

subject was tested. Dickson (1962) also found it eppropriate to
abbreviate the Oserctsky tests in his research to determine diiferences
between children uhio had retained articulation errors and thosc who had
not. .

General Information on jhe Osercisky Tests (Appendix A) was
developcd to clarify testing procccdures given in the Doll translation
of the manual from Portugusse to Inglish. Conversions of metric
system lengths to eguivalent feet and inches were included.

In the study by Jenkins and Lohr (1964), "...the speed tests
proved insensitive and were dropped from the test battery after they
vere failed by the Tirst eighteen children tested, including
experimental and control sudjects....” Similarly, in the present
study, only two of the subjects were able to do the motor speed task
corresponding to their age le -els, according to the interpretation of
the manual. Therefore, the motor speed category was excluded when the
total score was deiermined.

Vineland Social HMaturity Scale

In order to investigate the possible effect that social maturity
might have on the retention of a protrusional iisg, the Vineland
Social Haturity Scale was administered during the third year of the
study. The items rclated to the several age levels were examined for
adaptation to the population being tested. Items in the various
categories assigned to the IV-V age level were commonplace for second
grade children enrolled in public schools. Itaws in the XV-XVIII level
were too advanced to give meaningful information to the scores. It was
decided, therefore, to kase cach subject's maturity score on those items
in levels V-VI through XII-XV.

Informztion was obtained by interviewing the subjects. Doll, in
the Manual of Directions, states that “Under favorable conditions the
Scale may be administered with the subject of the cxamination acting
as his own informant. This has been found practicable with normal
children as young as five years of age...”

A supplement, Instructions for Adninistering Vineland Social
Maturity Scale (Appeudix A), was develeped to Facilitate the use of
the Henual of Dircctions and to stindardize inierpretation, scoring
symbols, and iesting proccdures. In scoring, credit was arbitrarily
given for all itews prior to level V-VI. Lach subject's score was
a total of this priov credii and the score on the tested items. This
was converted to a social age by using the ilanual of Directions.

11




Peabody Picture Vocibulary Test

Intellipence has been aceepied as a factor ryelating to articulatoery
development. Pronovost (in Webster et al., 1986) recomaended that
non-verbal jteis be included in a test of intellectual functioning &s a
part of a test battery to chcoese candidates for speech therapy. The
Peabody Picturc Vocabulary Test (PrVT) requires a non-verbal response
on the part of the subject. Dunn (1959) in the manual for the PPVY
states "The administration... requires no special preparation other
than complete familiarity with the test materials, including practice
in siving the instrumeant prior to its use as a standardized measure.”
1. ae present research, the PPVT was included as a possible predictor
of retention of a protrusional lisp. Torm "B" of the t:st was
adminstered and scored according to the instructions in the manual.

Illinois Test of Psycholinguistic Abilities

Bateman (1964) presented a summary of studies on the Illinoi
Test of Psycholinguistic Abilities (ITPA) in current rcsearch. Two of
these summaries reported the application of the ITPA to the articulation
of normal children. Foster (1963) found that "Children with persistent
speech disorders performed significantly lower than the controls
(raw score mesns) on the following subtests: Auditory-Vocal Automatic,
Auditory-Vocal Seguential, Visual-Hotor Sequential, Visual Decoding,
Visual-Motor Association, and Vocal Incoding." Ferrier (1963) noted
that "Childron with functional defects of articulation scored
significantly lower than children without these defects on the three
ITPA subtlests at thz autometic-sequential level and on the auditory-
vocal. cnannel subtests at the representational level." These studies
suggested that some subtests of the ITPA might show value for
inclusion in a predictive profile of retention of a protrusional lisp.
The ITPA was givcn by qualified examiners according to the Exeminer's
Hanual. '

Questionnaire and School Record Information

A background information questionnaire, PL-2 (Appendix A), was
included in the {irst testing period. The parent provided the
subjecet's history. The father's occupation was classified according
to the iHinnesota Scale for Paternal Occupations. Birthplaces were
divided by repions according to Kenyon and Xnott (1949).

Additional information on each subject wes obtained from schiool
records. Scores for Mcetropolitan Reazdiness Tests, The Lorge-Thorndike
Intelligence Tests, and Hetropolitan Achievement Tests, along with
acadenic, social, psjychological, healtl, and attendance information
were recorded on form I'L-9 {Appendix &) in accorvdance with Instructions
for Scheol Record Inforanticn, PL-%a (Appendix A).

12




TRUATHENIT OF THL DATA

The 475 subjects remaining in the study at the completion of the
last testing in third grade werc randomly divided into an analysis
sample of 250 subjects and a cross-validation sauple of 225 subjects.
The analysis group was coiposed of a recovery group of 15 subjects
(73 boys and 72 girls) and a non-recovery group of 105 subjects (64 boys
and 41 girls). The cross-validstion semple had a recovery group of 121
subjects (52 boys and 62 girls) and a non-recovery group of 104 subjects
(55 boys and 49 girls). The statisticicn's treatment of the analysis
and cross-validation samples for the development of predictive profiles
is described in detail in “Statistical Methodology and Analysis,"
Appendix C.

RECSULTS AHND DISCUSSICH

Seven "profiles"* to predict recovery and non-recovery from a
protrusional lisp were formulated. The first profile rcpresented
testing early in kindergarten. Subsequent profiles represented testing
at six month intervals, October and April, through the beginning of
third grade. Successful prediction of recovery and non-recovery by the
end of third grade was the goal of the profiles.

The percentages of corrcct prediction for the analysis sample and
the cross-validation sample are given on the profiles. The percentages
of prediction increcased at each successive testing period. The profile
for beginning kindergarten correctly predicted for 62.0 percent of the
cases in the analysis sample and 53.3 percent in the cross-validation
sample. However, for the profile at the beginning of the third grade,
the correct prediction had increased to 87.2 percent and 84.0 percent,
respectively.

Seven subtests from the PAT, two srom the Orthodontic Examination,
two from the Speech Mechanism Examination, along with the unlike items
froi the Sound Discrimination Test, the correct responses Oh the [5-z]
items on the Nonsense Syllable Test, and the total score on the Tongue
Tip Examination made up the predictive profiles. Each profile vas
predictive at only one testing period.

The Photo Articulation Test, or sections of it, was a part of the
group of predictors for every testing pericd.

The Hlonsenzc Syllable Test was a part of the profile for the end
of first grade.

Part of che Scund Discrinminmation Test was in the predictive
profile only for the beginning of kindergarten. The whole test

<

ey o

included rosponscs to sibilant pairs which were either the same or

% The terim is nol used in its usual sense but, instead, rcfers to the
tabular presentation of regression analyses.
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different, but only the responses to the different ltems were
predictive.

Sections oi the Speech Hechanism Examination appeared in the
profiles for three tesling periods. The scorce on the test of lateral
%ongue moverent at the end of first grade and judgnents of swallow
characterislics at both the beginning and ernd of second grade were
parts of the profiles.

Parts of the Orthodontic Examination appeared in the predictive
profiles fer three testing periods. The judgment of the facial grimace
at the beginning of kindergarten was predictive. Opcnbite was part of
the profiles at the end of second grade and the beginning of third
grade.

Several tests did not appear in the profiles. These were the
Oseretsky Tests of Motor Proficiency, Vineland Social Maturity S?ale,
Peabody Picture Vocabulary Test, Illinois Test of Psycholingulst%c
Abilitics, and the audiometric test. Also, none of the information
from the school records or the parent questionnaire was in any of the
profiles.

The profilzs are Tables 1 through 7. These profiles were applied
to each subject in the study. For example, on Table 1, the first
subtest was from the PAT, items 1-S. The possible error range was
0 to 9. The nurber of errors for each subject was multiplied by .070,
the raw score regression weight. which resulted in a possible range of
scores from 0. to .630. The second subtest was the grimace from the
Orthodontic Examination. The possible score was either "1" if the
subject had a grimace, or "2" if he had no grimace. This number was
multiplied by -.1%7, the raw score regression weight, which resulted
in a possible range of scores from -.294 to -.147. The third subtest
was the unlike items from the Sound Discrimination Test. The possible
numer of correct responses was 0 to 7. This was multiplied by -.037,
the raw score regression weight, which resulted in a possible range
of scores from -.259 to 0. These three scores were added to .254, the
intercept value. This produced the profile scora range, —-.299 to .737.
fthe raw score cutoff from Teble 1 was .4, For subjects whosc scores
were more than L, non-recovery was predicted and for subjects whose
scores were less than .uh, recovery was predicted. This prediction was
correct for 62.0% of the subjects in the analysis sample and 53.3% in
the cross-vaicdation samble.

The stbjects who had morce® omissions, substitutions, and
distortions of [s-z]; who had a facial grimace when they swallowedy and

* It is not possible to give exact scores for each item on wmost profiles
because a variety of individual scores will result in a total score
above or below the cutoff. Therefore, the terms “more" and "fewer" scem
appropriate. In this context, these terms refer to a comparison of the
recoveny and non-recovery grouns.
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who were unable to identify many unlike sounds as being different were
less likely tc recover from a protrusional lisp than subjects who had
fewer omissions, substitutions, and distortions of [s-z]; no facial
grimace when they cwallowed; and good sound discrimination.

TABLE 1. Profile for the Beginning of Kinderparten.

’ Raw Score Possible
_ Regrassion Range of
Test or Subtest Scoring Wieight Scores
Items 1-9, Photo Articu- Count errors .070 0. to .630
lation Test (PAT) (0-9)
Grimace, Orthodontic Judge grimace -. 147 -.294 to -.147
Exam l-grimace
2-no grimace
(1-2)
Sound Discrimination Count correct -.037 -.25¢2 to 0.
Test responses on
unlik2> items
2, 3,5, 9,
10, 13, 15
(0-7)
XX XX XX
Intercent Value .254 _.25h
Profile Score Range -.299 to .737
Raw Score Cutoff Ll

Correct Predictions
Analysis Sample 62.0%

Cross-Validation Sample 53.3%




At the end of kindergurten, the profile (Table 2) contained a
single predictor, the scere on the Ffirst nine iteus of the PAT.

-

TABLL: 2. Profile for the End of Kindergarten.

Raw Score Possible
Regression Range of
Test or Subtest Scoring, Weight Scores
Items 1-9, PAT Count ervors 056 0. to .504
(0-9)
KX XHNXXH
Intercept Value -.023 -.023
Profile Score Ranze -.023 to .48l
Raw Score Cutoff 47
Correci Predictions
Analysis Sample 58.0%

Cross-Validation Sample 62.7%

Subjects who had nine omissions, substitutions, or distortions
on the nine [s-z] test words were less likely to rzcover from a
protrusional lisp without speach therany than subjects who
misarticulated cight or less of the nine test words

L]

The predictive profile for the beginning of first grade (Table 3)
included thwec subtests of the PAT. These were the substitution score
for the [s-z] itews, the total score for all sounds tested in the
final position, and the substitution score for the {inal position cf

[s-z].




TARLL 3. I'rofile for the sepinning of Firsl Grade.

Raw Score Poscible
Regression Range of
Test or Subtest Scoring, Heipht Scores
Ttems 1-9, PAT Count substiitu- .088 0. to .792
tions .
(0-2)
Final items, PAT Count crroru 010 0. to .800
(0-20) ;
; Items 3 and 6, PAT Count substitu- -.173 -.346 to 0.
tions
(0-2)

AAXAXAAX

Intercept Value .095 .095
Profile Score Range -.251 to 1.487
| Raw Scorc Cutoff 47
Corwect Predictions
Analysis Sample 66.u4%

‘ cross-Validation Sample 70.2%

Subjecis who had wore svbstitutions on the nine [s-z] test words;
who had an omission, substitution, or distortion on many of the twenty
words which test each scund in the final position; aud who did not
have a substitution om ecither of the words which test [s-zl] were less
likely to recover from a protrusicnal lisp without spoach therapy than
subjocts who lad fewer substitutions on the i test rords;
more correct articul tion of 2ll sounds in th cition: and
substituticus on final [s-z].
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TABLL 4. Profile for the BEnd of Fiist Grade.

Raw Score Possible
Rezression Range of
Test or Subtest Scoring veight Scores
Itenms 1-8, PAT Countt errors 123 0. to 1.107
(0-2)
Itewms 1-5, Honsense Count corprect -.019 -.285 to 0.
Syllable Test respunses
(0-153}
tems 3 and 6, PAT Count errors -.1%6 -.392 to 0.
(6-2)
Lateral Tonnue MHovement, Total score -.010 -.300 to O.
Speech lechanism Exam (0-30)
XXXXXX
Intercept Value . 23§ . 239
Profile Score Range -.732 to 1.3u6
Raw Score Cutofi .50
Corract Predictions
fnalysis Sample 73.6%
Cross-Validation Samdle  €9.

Subjects who had more omissicons, substitutions, or distortions on
the nine [s-z) test words:; did not nisarticulate either of the words
testing [s-z] in the final positicn; wewe unahle to ropeat corvrscetly
the nonsense syllchles testior {s-x); asd were unoble to move their
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Test or Subtesti

Scoring

Items 1-¢, PAT

Swallow, Sp=ech
Fechanism Exam

Tongue items, PAT

Items 3 znc¢ 6, PAT

Correct Prodicti

Analysis Sanple

Crona-Valid:

Count errors
(0-9)

Judge swallow
2-flo grimace-
llo protrusion
3-Grimace-
No nrotrusion
4-Ho grimace
Protrusion
5-Grimaca-
Protrusion

Count comissions
on items 10-46
and 53-60

(0-15)

Count errors
(0-2)

XKAXAXXKX

Intercept Valu~

 JEN
2
L !‘,

Profile Sccre

Raw Score Cutofl

P
‘l\

76 . 4%

":I! & T o 72. f'Q-

PrOngC for the Lc~1np1nv oi Second Grade.

Raw Score
Regression

.152

Possible
Range of i
Scores

tc .495

to .380

to 8.235

to .102

-.201

to 2.011
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Subjects who Ll nure cLiuoioet, suhaiitulions, o distortions oo
the nine words teotin [u-2] ool Cie too weads leoting [o-20 in Un
final pisltica; protroded e ten oo apd peinoaccd wh:on dJdiey cwalloucd;
and had cnlscloens on ceunds astienlated with o tonve [0, -5 tf,
dz , t, d, 1, 1, 6, 6, r, K, &, N1 were leun Jikely to rdvover
frim @ protrusicnnl liny toon 76 vho had feuor ondsoions,
substitutions or distortions on the nine ucsds testing [o-z7 and the
two word: tenting [o-z] in the find poqition; did not protrude the
tonsue or grinace when they swallowed; and had Fewsr omissions on

y &
sounds articulated with tne tongue.

s ne simT Y §ers Frny e,
a2 3

At the cend of the secund prade, twe subtests from the PAT, one
from the Speech liochanisw Exnzmination, and one from tna Orthcdontic
Examination cordined ac the predictive profile (Table 6). The PAT
L subtest scorss included the errors on tne firat nine items and the
total of all substitutions. The swallow score from the Speoech
Mechanism Exzmination, along with the openbite judgrent fro
Orthodontic LDxamination conpleted the profile.

.-

Subjects whe had more omissions, substitutions, or distortions
on the nine words testing [s-z]; had more substitutions on the enlires
articalation test; protruded the tongus a@nd grimaced when they
swallowed; and had an openbite werc lass likely to recover from a
protrusional lisp than subjects who had fewer cnissicns, substitutions,
or distortions on the nine words testing [s-z]; had fewar
substitutions on the entire articulation test; did not protrude the
tongue or grimace when they swallowzd; and had a normal bite.
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TLBLE 6. PYProfile for the nd of Sceond Crade.

Test or Subtest

o ot

Itens 1-9, PAT

PAT

Swallcw, Speech
dMechanism Exan

Openbite,
Orthodontic Exzam

Correct Predictions
Analysis Sample

Raw Score
;610
Scorins, fie

’

P e

Count errors
(0-9)

Count substi-
tutions
(0-72)

Judge swallow
2-Ho grimace-
Ho proirusion
3-Grimace-

No protrusion
y-llo grimace-
Protrusion

5-Grinace-
Protrusion

Judge openbite

1. 0 mm.
2. 0-2 mm.
3. 2+ mnm.

XXX XXX

Intercept Value
Profile Scorez Range

Raw Score Cutoff

80.8%

Cross-Validation Sample  82.2%

.061

0. to .450

Possible
Renpe of
Scores

0. to 1.656

110 to .275

081 to .183

-.192 -.192

-.021 to 2.372

U
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The profilde {os prodlcticn gt Lhe Lughming of Ludrd grade
(Tadble 7) includid thaz @swss on the firsl niue itos of the AT, the
totyl subatituticin. on the fival nite itass ou the PAT, tue cuonbiite

i

Judveent st the Oribodontic BExainaticon, wnd the score on the Tonguc
Tip Laaminaticn.

[
14
TABLE 7. Profilc for ilie Begiuning of Third Grude. 1
) i
Raw Score Possible .
Regression Range of i
cst or Subtcs Scoring, Heignt Scores
Itens 1-2, PAT Count errors .051 0. to .159
{0-3) ']
Items 1-9, PAT Count subisti- Loul 0. to .396 E
r tutions
(0-9)
Openbite, ]
Orthodontic Exam Judge openbite .064 .06% to .192
1. 0 mm. &
2. 0-2 mm.
3. 2+ mm. 1
! Tongue Tip Exem Total score .030 120 to .2u0 |
(4-8) ¥
XX XXZXZX
Intercept Value -.164 -.164
Profile Score Ranga .020 to 1.123
Raw Score Cutoff .42
Correct Predictions
Analysis Sample 87.2%

Cross-Validation Sample 84.0%

Subjects who had more misarticulations and also substitutions on
the ninc words testing [s-z]; had an openbite; and articulated
[t, d, n, 1] with the tongua blade were less likely to recover irom a
nrotr wlOnc] lisp without spzech thevepy than subjects who had I
isarticulatiors and substitutions on the nine words testing [3*3];
had a normal bite; and articulated [t, d, n, 1] wiih the toague tip.
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Figure 1 shaen the potilern of temas end subieutn in the profiles.

Viacn facters othes Uem the {iret nine itens of the PAT appeersd in

Figure 1. Pattern of Tents and Subitesls in the Proliles.

Test or Subtost Testing Pericd Profiles
Kgn. 1st 2nd 3rd

K-1 K-2 -1 1-2  2-1 2-2 3-1

Photo Articulation Test

Items 1-9 1 2 I 5 6 7
Items 1-9

substitutions 3 7
All final items 3

Items 3 and 6,
substitutions 3

Items 3 and € I 5

(X5 ]

Tongue omissions
All substitutions 6
Nonsense Syllable Test
Items 1-5 L
Sound Discrimination Test
Unlike items 1

Tongue Tip bExamination

S |

Total scorc

Speech Mechanism Exanination
Swallow 5 6
Lateral tonguc movencnt Yy

Orthodontic Lxamination

Grimace 1

)

Openbite

D
w
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nore than one profilo, the profiles uwsmuzlly representod sveeounive
testing perdods. Fiyure 1 lso shows 1hot no single test o subtoot,
by itu»li, proved to Lo prodictive ot &l tenting porieds, alihouzh a
PAT subtest, itens 1-2, wan predictive at all bul ene period.  The

attermy suzpested thal, as the sukjeets' arges changed, differont
factors became predictors.

Figure 2 shous the percentaze of nredictability by the profiles
for each of the testing periods fer the analysis and ihe cross-
validation groups. Lower prediction for the cross-vaelidztion group
occurrcd at the lst, 4&th, 5th, and 7th testing pericds. Bigher

phenonznon can be understool by coasideration of the st
methods invelved (Appendin C).

Figure 2. Percent of corrzct prediction by the profile for each
esting period in the analysis and the cross-validation
samples.

80—

70—
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In the kindergarien population of 7,931 children, 1,043 (13%) had
a protrusional lisp. This study was basgd onn 475 subjects from that
group. There were 132 boys (52.6%) who recovered, while 119 did not
and 134 girls (00.0%) who rzcovered, while 90 did not. This difference
was not significant. The final testing showed that 266 (56%) of the
475 subjects had recovercd from the lisp without speech therapy.
Figure 3 shows tho nuwrber of subjcets who had recovered by each testing
period. This figurc indicates a consistent rate of recovery from the
beginning of kindergarten through the. end of third grade.

Figure 3. Number of childrzn who reccvered from a protrusional lisp
without speech therapy at each testing period.
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these for each of the categorics. Initial, medial, and final sounds
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The articulation patteins for the 250 subjects from the analysis
group are shown in Tigure 4. There were WO subjects (16%) who entered
the study with a protrusional lisp only. OFf the &0 (Group 1), 26 (65%)
rocovered while 18 (35%) did not. There wers 52 subjects (21%) who had
a protrusionel lisp and onc or more Errors on other scunds articulated
with the tongue. OFf the 52 (Croup 2), 33 (64%) recoverad while 13 ]
(36%) did not. There were 130 subjects (52%) who entered the study with i
a protrusional lisp and ome or more Crrois oOn sounds articulated with
the lips. OFf the 130 (Croup 3), 76 (59%) recovered vhile 5% (#1%) did
not. There were 28 subjects (11%) who entered the study with a
protrusional lisp and onc oOr more errors on other sounds made with the
tongue and socunds made with the lips. OF the 28 (Group 4), 10 (36%)
recovered, and 18 (64%) did not. It is of interest to note that 65%
of the subjects who entered the study with only a protrusional lisp
(Group 1), recovered, while 64% of the subjects who entered the study
with all types of articulation errors (Group H4) did not recover.
Conversely, 35% of the subjects who entered the study with only a
protrusional lisp (Group 1) did not recover, while 36% of the subjects
who entersd the study with all types of articulation errcrs (Group u)
did recover. The proportion of recovery betwcen Group 1 and Group W
is significantly different ait the .01 level of significance. This
result suggested that more kindergarten subjects who had only a
protrusional lisp recovered by the end of third grade than subjects
who had a protrusional lisp along with errors on other sounds
articulated with the tongue and sounds articulated with the lips.

The rates of recovery or non-recovery for Groups 1., 2, and 3
shown in Figure 4 were very similar (35%, 36%, 41% for the non-recovery
group and 65%, 6u%, 595 for the recovery group). The rate of recovery
or non-recovery for Group 4 was quite different. The rate of recovery
was 26% which comparced with the rate of non-racovery for the other
three groups and the rate of ron-recovery was 64% which compared to
the rate of recovery for the other thrce groups. However, Group H
represented only 11% of the analysis sample of 250 subjects and
therefore the possible gain in prediction did not justify its separate
analysis.
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Figure 4. Differential rate of recovery for the 250 subjects in the
analysis sample.
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Figure 5 shous the percentage of subjects who had more than nine
articulation errors on the PAT at each of the eight testing periods.
Subjects in the recovery group tended to have a slightly less severe
articulation problem when they bagan the study, as measured by numbsr
of sound crrorvs, then did subjscts in the non-recovery group. Subjects
in the recovery group reduced the number of errors more rapidly than
those in the non-recovery group. TFurther, the average nurmher of errors
on all souads at the end of third grade was 1.3 for the recovery group
and 10.5 for the non-recovery group.
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Figure 5. Percent of subjects at cach testing period having more
than 9 errors on thce PA
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The Tongue Tip Examination showad that many subjects with a
protrusional lisp produccd [t, &, n, 1] with the tongue blade, relher
than the tongue tip. The porcentages of blade production for these
sounds in the test at the bepinninz of kinderpgarten were [t] 3%,

[d] u1%, [n] 35%, and [1] 58%. The percentages of blade production
decreased at cach testing period s more and more subjects articulated
these sounds with the tongue tip as usu lj described. At the end of
third grade, the percentages oi blede pinduction were [t 175, [d] 15%,
[n] 12%, and [1] 36%. -

h"

Even thouzh the Tonsue Tip Lxamination, by itself, did not
efficiently p““QLCL pecovery or ron-recovery from a protrusional lisp,
the resultz did yield infowaation concerning recovery. When only the
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kinderparten.  Of this purber, 155 subjocts {(€1.3%) v2re in the

1.
recovery group. Thore we sulricets who produccé [, ¢, n, 1] with
the tongue blads at tue first testing in Kindex 5a*th. Of this nuaber,
75 subjects (50.07) were in the rocov
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The subjects in thiz study scored cons siderably higher than the
published norias on the Peabody Picture Vocabulary Test. These scores
suggested two possikilities. Protrus ional lispers might have scored
higher than non-lispers or Secattle ?qulc School childrcn as a total
population sample might have scorc ¢ hicher than the group represented
by the noras. To examine thnse DOo¢lhll;L’Cu, a group of onc hundred
non-lisping children was matched in proportion to the subjects in the
study for grrdu, sex, ane, and school. Form "yt of the PPVT was
administercd to this group under thc same conditions as the group in
the study. The scores of the two groups vere almost identical, so it
was concluded that the higher scores ov1;1nally shown by the lispers
merely reflected the difierence botween tha Seatile Public School
sample and the standardization sample.
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CONCLUSIC £l LUCQuslinl ol
Tne data From rmouy testing inctiuecntn wore foenulated into
profiles ducipned 1o proldice rattWory of neu-recovery iron a
protrusicial 1iny

ap by the ond of Lhird prede.  Thesce nrofiles were
conpiled from the results of a grouy of testing lustrulenis aud were
cross-validated on & subsauwwle of ihe avbjects.  The seven profiles \
represented testing ul six routh intervals frow 1be beginning of T
kinderparten throw:h the bezinnsng, of third grade. A toapue tip

examination and subtests Ffrowm an articulavien tecst, an orihodontic
exanination, a speech nechanisn cexeonination, a souad discrimination
test, and a nonsensa syllable test made up the profiles.  Tesling
instruments which examined muscular control, psycholinguistic ability,
social mucurlty, and intelligence uerae not found to be predictive in
this researci. lone of the informition on the school records or thc
questionnaire was predictive of recovery or non-Yocoveny.

The pattern of tests and subtests in the profiles indiceted that
no single test or subiest, by itself, proved to be predictive at all
ive at only one testing

1

testing pariod". Lach profile was pr&aict
period and the percentazes oi corvect pred
successive profile.

cticons increasad with each

The subjects remaininzs at the cnd of the study vwe ncdomly
1

t TS YA
divided into an analysis sample and a cross-validation sar p e. The
analysis sample was composcé of a recovery groud and a non-recovery
group to establish cutoff scores and percentages of correct oredicti
35

:
for each profile. The profiles were tnen applieé to the cross-
validation sample to establish percentapes of correct prediction for
that group. The cutoff scores and the percentages of correct
pradiction are «ppropriate for the pawtic11ar population tested and
different figurces might be more appropriate for other populations
In addition to tho profiles, this research provided general
information about the subjects. Of the kindergarten population, 13%
Oxhibiie& a protrusioncl lisp. By the end of the four years of the
»cd from thelr lisps without
specch itherapy. There was no sirnif.c nt difference hetween the
wumber of boys and girls who recoverad. The rate of recovery, based
on nuahers of subjects at cach testing period, was consistent from
the beginning of kinderzarten through the end of third grade. Hore
subjects who began the study with only & protrusiconal lisp recoversa
from the lisp than those who h“d a protrusional lisp alens with erevors
on other sounds artviculatcd with the {
with the lips. Subjecis in Thc recovery group tendod to have a
, slight‘" loss severa articulation problen whan T [
as mcasurad Ly the nurber of sownd ryrrors, th
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literatvee.  Also, & zizndficont munlap of subjucts, who reecovered,
produced [t, ¢, n, 11 with the tensue tip rather than the tongpus blade.

- o™

The results of this study suzrest arcas for furtlhier resceoseh.
perc I toe Kiudorgarten suljeets with protrusional licps

large percentaiu © i j

articulated [v, ¢, n, 1] differently then usually desceriled, so
rescarch might Cetexasire if the general kindergarton population also
articulates these sounds in the sam? manaer.

The profiles might be tested on other populations of kinderparten
throuzh third grads subjects 1o deteraine predictability of recovery
and non-recovery from a protrusionzl lisp. If these profiles could be
shoun to identify children who will spontancously correct their
protrusicnal 1lisps wi
cross-validation sample, the clinicicn's time could be used more
profitably with those who will retain the lisp.
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ST P LIe SOrio o PL-1
ADMINISTIATIVID AND SELRNVICE CLNTIR
S45 Fourril AVENUE Norri
SSan ALY, WWASTIIN 710N D2ALD
Special Education Department
Specch Therapy

October 16, 1964

Dear

Your child has been chosen to participate in a four-year pro ject
to learn mere about the speech sounds of school children. The United
States Department of Health, Education, and Welfare has agreed that this
information is important and has provided a grant for this purpose.

With your approval, your child will be given various speech and
language tests every six months during the time of this study. A dental
examination will be given by menbers of the Department of Orthodontics
from the University of Washington Dental School. 1In addition, there
will be thorough speech and hearing examinations administered by thera-
pists in the Special Education Department, Seattle Public Schools.

If you have any cuestions about your child's participation in this

project, please call Fathleen Pandergast, Supervisor of Speech and
Hearing, AT 3-0900, Ext. 416.

Thank you for your cooperation.

/ (/wt>
,;—a4i2;%7félcax/_ZJZQnyigé.ngait

(Mrs.) Kathleen Pendergast
Superviscr of Speech and Hearing

Please cut on the dotted line and return the lower portion in the
enclosed s_amped, self-addresscd envelope by OCTOBER 23.

I am willing to have my child participate in the Seattle Public Schools
study of speecli sounds.
Yos No

Crm—r—————— | Smprveyee—

Child's Name Signature of Parent or Guardian

School
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SEATTLE rURLIC SCHOOLS
Administrative and Service Center
815 - hth Avenue Nerth
Seattle, VWashington 98109
Special Education Department
Speech Therapy

Name of Child

PL-2

School
Family information:
Father: Occupation | Birthplace
Years lived in Seattle
Mother: Occupation - 7 Birthplace

Years lived in Seattle

Language other than English spoken in home

Names of other children in family Ages of other children

(Use reverse side if necessary.)

Information about your child in the study:

Grade

Birthplace "~ Years lived in Seattle

Age he began walking ' Age he began talking

Have his tonsils been removed? Yes / / Mo / / Are adenoids removed? Yes / / No / /

e p— R o —————

Does he have colds? Often / / Once in awhile / / Seldom /

——— ——

Does he have any allergies? Yes / No / Asthma? Yes / No
Was he breast fed? Yes / / HNo / If yes, until what age?
Was he bottle fed? Yes / [/ Vo / If yes, until what age?
f0
(more)

1

et

—————




Does he refuse food that is difficult to chew? Yes / / Ko /

Has

Has

Has

Has

Has

If yes, wvhich foods

Nane of Chiid

PL-2

School

|

he ever sucked his thumb? Yes / / No /

/ At vhat age

Does he still suck his thumb? Yes / /

s

Yo /~ /

he ever sucked a finger? Yes / / No / [/ At what age

D el

Does he still suck a finger? Yes /

St

No /~ 7

he sucked his lip? Yes / / HNo /  / At what age

st gurre

Does he still suck his 1lip? Yes / /

o/ 7/

he sucked his tongue? Yes / / No /

/ At what age

————etwes eseescsen

Does he still suck his tongue? Yes / /

e

No /[

L

he sucked anything else., such as a blanket, a fuzzy toy?

Does he still suck a blarket or toy? Yes / / No / / At what age did he sto»?

did he stop?

did he stop?

did he stop?

did he stop?

sy o

Yes / [/ No

—————

/7

S~

st

Signature of Parent or Guardian

n2




SEATTLE PUDLIC SCHOOLS PL-3a
Special Education Departuent
Speech therapy

INSTRUCTIORS FOR ADMINISTERING THE SCREENING TEST

Test Sentence: She lives in a little red house with her brothers and
sisters.

1. Explain to the teacher what ycu plan to do and ask her to list the

names of the children you indicate by vour pre-arranged signal.

2. Teli the class, "I am going to play a game with you to see if you
can remember this sentence."
a. Tester says test seutence twice.
b. Children say sentence in unison.

c. Tester repeats sentence.
d. Children again repeat sentence in unison.

3. Go to each child and listen to him say the test sentence. Indicate

N . L R Vo, O S . O W S Y

to the teacher by your signal those children who will be given the
Photo Articulation Test. It is pevmissible to repeat th2 sentence

for the chiid if he forgets.

I 43




SEATTLE PUBLIC SCHOOLS PL-3Db
Special Education Department
Speech Therapy

INSTRUCTIONS FOR ADMINISTERING THE FIRST PHOTO ARTICULATION TEST

After the kindergarten screcning test, take each child whom you
think has a protrusional lisp to your speech room. With no other child
present, administer the first six items of the Photo Articulation Test
using the following method.

1. Place the closed book in front of the child and say, "I am going to
show you some pictures. As I point to each one, tell me what it is.'
Open the Photo Articulation Test book to page one and point to each
picture in the same seguence as the words appear on the test form.
Start at the top and move from left to right.

2. Make a check in the "Omitted" columm if the sound is omitted.
3. Record #he phonetic symbol if a scund is substituted.
4, Make a clieck in the "Distorted' columm if a sound is distorted.

5. If the picture is named incorrectly, tell him the correct word, ask
him to repecat it and score his response.

6. If the cnild exhibits a protrusional lisp on any of the first six
items, administer the rest of the Photo Articulation Test.

7. Test item number 13 [3] in the medial position only. Ask the child
to repeat the word "measure" and score his response.

L




SEATYLE PULLIC SCIDILS PL-3c
Special Lducation Departmont
Speecch Thuwerany

INSTRUCTTONS TOR ADMINISTERING FIIE PHOYTO ARTICULATION TEST
Give the complete PAT to ezch child.

1. Place the closed book in front of the child and say, "I am goinz to
show you some pictures. As I point to each one, tell me what it is."
Open the Photo Articulation Test book to page one and point to each
picture in the sam> sequence as the words appear on the test form.

Start at the top and move from left to right.
2. Make a check in the "Omitted" column if the sound is omitted.
3. Record the phonetic symbol if a sound is substituted.
4. Mzke a check in the "Distorted” column if a sound is distorted.

5. 1If the picture is named incorrectly, tell him the correct word, ask

him to repeat it and score his response.

6. Test item number 13 [3] in the medial position only. Ask the child

to repeat the word "measure" and score his response.
P
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SEATTLE PULLIC SCHOOLS PL-4a
Special Education Department
Speech Yhecapy

INSTRUCTIONS TFOR ADMINTISTERING THE NKOHSENSE SYLIABLE TEST .

1. Give this test for only those sounds missed on the PAT. If an error
was recorded on a sound in any position -IMF- on the PAT, test that [

sound in all three positions on the Nonsense Syllable Test.

2. Say to the child, "Watch me carefully and say what I say." Do not x

direct the child's attention to specific sounds.

3. Say one syllable at a time using the vowel sound [0t]. Have the child 3

imitatc you and score his responses on the test form. Take each

sound in turn giving the Initial, Medial, and Final positions in that

order.

/ &, 1If the child does not respond, repeat the instructions and/or syllables

as often as necessary.

5. Score a correct response as one and an error as zero. Any consonant
deviation from your presentation of the sound tested is an incorrect

response. Vowel deviations are not errors.

9 /%0
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SEATTLL PUBLIC SCHOQOLS PL-5a

Special Tducation Departrmont
5peech Therapy

INSTRUCTIONS IOR ADMINISTERING THE SOUND DISCRIMINATION TEST

Give this test individually with no other child present. Say to the
child, "I am going to csay two sounds for you. Tell me if they are the
same or different. Let me show you what I mean. [sa be]. Were those

the same or different?" .. "Yes, they were different.!” If an

incorrect response or no rosponse is given, say, ""They were different.
u - -
weren’t they?" Then say, “[sx soj. Were those the same or different?"

. "Yes, they were the same." If the child still does not

understand what to do, explain further using the following sound combin-
ations until he understands the procedure: [sa mc, so wa, sa Sq,
sa go, sa kKol.

To give the test, hold a piece of tagboard six to eight inches in
front of your mouth so the child cannot see your lips. Say the sound
pairs in the same oxrder as they appear on the Sound Discrimination Test
form. After the presentation of each pair, ask, "Same or different?"
‘Maintain a standard pitch, intensity, quality, and time throughout all
the sound pairs. Score the test and vecord the total correct responses
in the box at the bcttom of the test form.

If the child does not undersiand how to take the test, write "unable
to test," If the child's answers are all in one column, write 'persever-

ation." Score 0 in each instance.




SEATTLE PUDBLIC SCHOOLS
Special Education Department
Speech Therapy

PL-5

School No. Child No.
SOUND DISCRIMINATION TEST
Name Grade Date
School Room Tester
SO, sa S.£::7 D.£::7 1.
sa dzc s/ 7 p/ 7/ 2.
SO, tfo s/ 7 p/_ 7/ 3.
sa SO, S E D L:7 4,
. S0, 3a s/ [ p/ [ 5.
sa sa s/ 7 p/_ 7/ 6.
s¢  so s /7 p/_T 1.
L sa SO s /] p/_ / 8.
so Jo s/ 7/ p/_/ 9.
sa zo. s/ _/ p/_/ 1o0.
s sl s/ _/ p/ /] 11.
s, s s/ 7 p/_ / 12.
s 30, s/ 7 p/_ /] 13,
sQ, sSq, S 1:::7 D j:::7 14,
so, oa s/ 7/ p/__J 15,

TOTAL CORRECT l

om
o




SEATTLE PULLIC SCHOOLS PL~6a
Special Education Department
Speech Therapy

INSTRUCTIONS FOR ADMINISTERING THE TONGUE TIP EXAMINATION

With the child in a position enabling you to view his tongue place-
ment, insert a cne~fourth inch wooden coffee stirrer vertically between
the molars on either side. Have the child bite on the stirrer in that
position and repeat each phrase.after you. It may be necessary to have
the child repeat the phrases more than once and you may change your
position as needed to accurately view the tongue placement. If the
tongue position is ever deviant, score it as a deviatiomn.

Circle one word to describe the position of the tongue tip as the
sound is produced.

1. If the tongue tip approximates the alveolar ridge, circle
"normal."

N

If there is any degrec of tongue tip protrusion in front
of the upper central incisors, circle "anterior."

3. If the tongue tip position is behind the alveolar ridge,
circle "posterior."

4, If the tongue tip is in any position below the alveolar
ridge, such as approximating the upper or lower central
incisors without a protrusion in front of the upper
central incisors, circle "down."

Sh




SEATTLE PUBLIC SCHQOLS PL-6
Special Education Department
Speech Therapy
School No. Child No.
TONGUE TIP EXAMINATION FORM
Name Grade Date
School Room Tester
Sentences:
I tie it tight.
Normal Anterior Posterior Down
Daddy had a dog.
Normal Anterior Posterior Down
I knock any night.
Normal Anterior Posterior Down
I like a lake.
Normal Anterior Posterior Down

55




[

SEATTLE PUBLIC SCHOOLS

Special Education Department

Speech Therapy

SPEECH MECHANISM EXAMINATICN

School No.

Name Grade ___
Schecl Room

1. FRENUM EXAMINATION

a. Can raise tongue tip voluntarily

b. Nbrmal

c. Anterior attachment prevents tongue tip movement

Child's No.

Date

PL-7

Tester

Yes /

—————

y

No

d. Anterior attachment does not prevent tongue tip movement

PALATE

/

a. Normal /[ [/ b. High and narrow /[

ALVEOLAR RIDGE

\!
o
=
[
™

~

a. Normal [/

SWALLOW
a. Has facial grimaces
b. Tongue protrudes

c. Tongue does not protrude

-

TEST OF LIP AND TONGUE MOVEMENT

TEST OF LATERAL TONGUE MOVEUENT

56

Yes

c. Narrow ;

L/

No

¢. Other

!

S~

f

Total

Total

I~ 7
/7
7
7
7
7
i/
7




1.

SEATTLE PUBLIC SCHOOLS ' PL-7a
Special Education Department

Speech Therapy

SPEECH MECHANISM EXAMINATION

FRENUM EXAMINATION

Say, ''Open your mouth as wide as you can.'" Touch the midline of the
alveolar ridge with the end of a coffee stirrer. As you remove the
stirrer, say, "Touch that spot with your tonguve.” If he is unable
to raisc his tongue voluntarily, use a tongue depressor to 1lift his
tongue for the examination. On PL~7, score part (a) for each child.
Also examine the frenum attachwent and record your observations as

b, ¢, or d.

b. Normal

¢c. Frenum attached and prevents voluntary tongue tip elevation
to the alveolar ridge.

d. Frenum attached, but does not prevent voluntary tongue tip
elevation to the alveolar ridge.

PALATE EXAMINATION

Examine and judge shape.

ALVEOLAR RIDGE EXAMINATION
Examine the alveolar ridge and judge the midline distance from the

junction of the upper central incisors and the alveolar ridge, to its

posterior border.

v




4. SWALLOWING EXAMINATION
Have the child take a sip of water and ask him to swallow. Watch
for facial grimaces and record observations. Tell the child you are
going to have him swallow again, bu; this time you are going to pull
his lower lip down as he swallows. Observe his swallow and record

observations.

5. TEST OF LIP AND TONGUE MOVEMENT
Say, "I want you to say the word 'Tippy'." (Child responds.) ''Now
_say Tippy Tippy Tippy. (Child responds.) '"When I say go, say 'Tippy'
over and over as fast as you can until I say 'stop'. Ready, go."
Using the stop watch, count the number of tippys in a five-second

period and record the total. If the child dces not understand the

task, demonstrate as often as necessary in the previously described

mamnner,

6. TEST OF LATERAL TONGUE MOVEMENT
Say, "I am going to see if you can move your tongue as I do. Watch
me carefully so you will know what to do when it is your turn."
Demonstrate by touching each corner of your mouth with your tongue
tip. Very slowly make six successive tongue touches during the
demonstration. Say, '"Now, you do that." Make sure the child under-
stands what to dc. Say, "When I say go, see how many times you can
do it. Keep going until I séy stop." '"Ready, go."
Keep your eye on the stop watch held beside the child's mouth and,
with peripheral vision, observe (each touch during a five-second

period.) Count each touch as a point and record the total.
58




ORTHODONTIC EXAMINATION

SCHOOL NO.__ CHILD NO.
NAME GRADE DATE
SCHOOL ROOM TESTER
DOCTOR ROLL NO. PICTURE NOS.
ANTERIOR TEETH
Maxillary Mandibular
|
Re Rb Ra a b c Re Rb Ra a b
R3 R2 Rl 2 3 R3 R2 Rl 1l 2
OVERBITE OVERJET OPENBITE (ANTERIORS)
0-5 mm. 0-3 mm. 0 mm.
5+ mm. 3+ mm. 0-2 mm.
2+ mm.
1/1
ERUPTION STAGE 1/l
Primary Denture Half Eruption
Early Eruption Full Eruption
MOLAR RELATION
Right Left
Inter- Inter-
I | mediate II. II2 11X I mediate 11, II, 111
4
|
t
TONGUE Yes No Undecided

Swallow Thrust

Facial Grimace

Swallow Tooth Contact

Characteristics:




SEATTLE PULLIC SCHOOLS
Special Education Department
Specch Therapy

INSTRUCTIONS FOR SCHOOL RECORD INFORMATION

Obtain the following information from each child's white, permanent

record card in his school.

1. Reccrd the score for the Metropolitan Readiness Tests given in late
kindergarten or early first grade.

2. Record the Lorge-Thorndike Scholastic Aptitude Test score given in
late September or early October of the child's second grade. This
is a non-verbal test and yields I.Q., percentile, and stanine scores.

3. Record the achievement scores which are from the Metropolitan
Achievement Tests., Tuere is a word discrimination score for the
second grade and there are word knowledge and reading scores for the
third grade.

4. Record total days absent for kindergarten, first, and second grades.

5. Record general health evaluation as found on the white card for the
same three grades.

6. Record end-of-year subject grades for reading, language, and arith-
metic in the appropriate blanks for kindergarten, first, and second
grades,

7. Check "yes" or "no" as appropriate if the child has been an active
case with the Home Visitor, has been seen by the Psychologist, has
a health oroblem or has been enrolled in reading improvement class.

8. Put a line in a score space if no test score is available.
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SEATTLE PUBLIC SCHOOLS
Special Education Department
Speech Therapy

School No. . Child No.

SCHOOL RECORD INFORMATION

Name Grade__ Date
School | Room Tester
Readiness Test %
Scholastic Aptitude I.Q. % Stanine
Achievement Tests Word Know. | Word Disc. Reading
% Sta % Sta % Sta
- . /
9/6G N Y]\
/ - = i =
9/67 | K<
1964~65 1965-66 1866-67 I
Days Absent I
General Health |
. — -
Reading =
Language
Arithmetic “‘~<:::::;
Z/

Home Visitor Yes No
Psychologist Yes No
Health Problem Yes No
Reading Improvement Yes No
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The following directions standardize the scoring and testing procedures
for the Vineland Scale. .

1.

SEATTLE PUBLIC SCHOOLS
Special Education Department
Speech Therapy

INSTRUCTIONS FOR ADMINISTERING VINELAND SOCIAL MATURITY SCALE

Use categories (+), (4), and (-) only.

Score Tasks 57 through 89.

When judging a task, a plus indicates the child performs as well as
an average child at the age level of the task. For example, on task
#89, "Performs responsible routine chores,' a child may set the table,
help his father wash the car, and water the flowers when asked to,
but the key words are "is responsible for performing recurrent and
variable work." Just because the child does some of these things,
does not necessarily mean that he does them regularly on his own
initiative as a twelve to fifteen year old might do them., As another
example, consider task #73, "reads on own initiative." A child may
look at the comics and read simple stories. However, a plus credit
could be given only if the reading material were on 4th grade level
and the child "made independent and effective use of the material

for his own enterta.rment and information,'" as an eight or nine year

old child would do.

<

4. Refer to the section in the manual on scoring to guide your judgments.
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SEATTLE PUBLIC SCHOOLS
Special Education Department
Speech Therapy

GENERAL INFORMATION ON THE OSERETSKY TEST

Test the child at his age level only.
If he is 5-6 to 6-5, give the six year level;
if he is 6-6 to 7-5, give thc seven ycar level;
if he is 7-6 to 8-5, give the eight year level.

To determine age level, subtract birthdate from current date as in
the Peabody Test, with 16 days or more counting as another month.

On the Record Blank indicate the child's preferred hand in the space
under age. To determine handedness, ask the child to pick up chalk
or a pencil and print his name on a chalkboard or paper.

Conversion of the metric system to approximate feet and inches is
given for the three testing levels. The proper subtests are
indicated.

Six year level
Subtest
2. Target height - meter and a half = 5 feet.
3. Rope height - 20 cm = 8 inches.
4., Drawn lines - 3 1 = less than 1/16 inch.

Seven year level
Subtest
3. Walking line ~ 2 meters = 6 feet 7 inches.

Eight year level
Subtest
3. Pusl matchbox - 5 meters = 16 feet 5 inches.
4. Running - 5 meters = 16 feet 5 inches.

Caution in judging each task is necessary. This is gained from a
careful study of the manual.

Time will be most efficiently used if 3 or 4 children at the same
age level are tested at the same time. This reduces the time
needed to explain the various tasks.

Score each task on the Record Blank and write the total score on
the top of the first page. Two points are scored for each task.
When done by each hand or leg, one point for each is scored in the
proper column. If negative, score with "0".
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APPENDIX B

SUBJECT ATTRITION
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SUBJECT ATTRITION

Kindergarten Population, October, 196%
Protrusional Lispers, October, 1964
Attrition During Study
No Parental Approval
No Questionnaire Returned
Excluded from School
Moved from City
Transferred to Private School
Absent for Testing
Enrolled for Therapy
Parent Request
Deceased
Total Attrition

Subjects Remaining, May, 1968

44/67

149

23

215

108

45

20

7931

1043

568

475
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APPENDIX C

STATISTICAL METHCDOLOGY AND ANALYSIS
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STATISTICAL MLTHODOLOGY AND ANALYSIS

The considerations which guided the selection of testing instruments
have been described earlier in this paper. The considerations by which
numbers were assigned to test responses will now be discussed. Thre
purposes of assigning numbers to responses were: 1) to allow for
convenient and space-saving represcntation of the raw data on punched
cards (which also facilitated the computation of frequency distributions
and descriptive statistics, e.g., total "scores'"); and 2) to represent
quantitative aspects of responses numerically so that the relationships
of these responses to recovery or non-recovery from a protrusional lisp
could be investigated by means of statistical procedures. Alternative
scoring procedures (including numerical transformations such as the
arcsin) appeared to be theoretically feasible in several instances.
Where this was the case, the scores derived from each different
procedure were related to the criterion (recovery or non-recovery) in a
subsample (to be discussed below) of the experimental participants.

The procedure which yielded the highest simple product-moment
correlation with the criterion was retained and the other procedure(s)
discarded. Some of the available information yielded purely qualitative
information, e.g., language other than English spoken in the home. In
each instance the relationship of such a variable to the criterion was
examined by means of a contingency table. In no instance did such a
variable increase the predictability of recovery by more than seven
percent. On every occasion when such a variable was used in conjunction
with a correlational procedure to predict the criterion, no gain in
predictability over that produced by the correlational procedure alone

. occurred. Therefore all such variables were discarded for purposes of
prediction.

The statistical procedure used to relate the several hundred
"scores," i.e., numerical representations of responses or clusters of
responses on the test instruments, to the criterion was multiple linear
regression. Because the criterion was dichotomous, i.e., since a
participant was judged tc be either recovered or not recovered from his
lisp, nonlinear relationships betwecen predictors and criterion presented
little difficulty. There is as yet no technology available which allows
an investigator to determine which subset from among several hundred
predictors will best predict the criterion in question unless all
subsets are examined. However, there are several procedures which allow
one to approximate a best subset with a reasonable expenditure of
investigator effort and computer time. The technique used. in this
investigation is "stepwise" regression.

The variables considered for use in the regression equation were
those which correlated |.15| or more with the criterion. Such a value
is significant at about the one percent level for the number of
observations available. The number of variables thus entered into the
multiple regression program (1) varied from five to 28. (With 28
variables, there are 228 possible repgressions.) The stepwise multiple

regression works in the following fashion. The single variable with

/11




the highest corrclation with the criteriou is selected. At cach
subsequent step a candidate variable is sclected for addition to the
regression cquation if it effects a significant decrcase in the residual
sum of squares. Also at each step, the variables which have been
included are examined to see if elimination of any onc (or more) of them
would cause a non-significant increase in the residual sum of squares.
Any such variable (or variables) is deleted. The selection procedure
stops when all variables included would cause a significant increase in
the residual sum of squzres if removed and no more candidate variables
can be found whose inclusion in the regression would result in a
significant decrease in the residual sum of squares. The significance
level used varied in a small band (because of varying degreces of

freedom and the fact thati only one I could be specified around .05.

Posenen | I, ey grn—

Stepwise regressions werc performed to relate the variables
measured on each of the seven testing occasions to the criterion \
measure taken 1968(2). The resulting 7 equations are given in Tables 1
through 7. The interpretation of these tables may be aided if Table 1
is used as an example. The variable to be predicted was the criterion
of recovery (signified by the number "0") or non-recovery
(signified "1"). Six predictor variables correlated |.15| or more with
the criterion and were introduced, together with the criterion, into
the stepwise regression program. Three variables were found to
significantly add to the predictability of the criterion when selected
and to significantly increase the residual sum of squares (roughly,
the degree of unpredictability) when discarded. They are the total
number of the faulty productions of the [s] and [z] sounds on the first
nine items of the Photo Articulation Test (PAT); the presence or absence
of a facial grimace during swallowing, Orthodontic Examination (OE);
and the number of correcct responses to the unlike items on the Sound
Discrimination Test (SDT). It may be well to note that these three
variables are linearly independent, but it can be seen in other tables
that variables which are not linearly independent are often used i
together as predictors of the criterion. This is contrary to the usual
usage of the regression model and is justified by the fact ti.at
empirical evidence for the efficiency of the prediction equations has ‘
been obtained; basically it is the least squares aspect of the
regression technique that is being utilized and not its parametric
inferential properties. To return to the predictioqﬁpquation, one
would estimate a score on the criterion (designated Y) by the following
equation:

o

¥ = .254 + .070 (PAT) - .147 (OE) - .037 (SDT).

The value, .254, is called the "intercept" and is a kind of weighted
average of the thrce predictor variables and the criterion variable.
Suppose that individual M hcd eight errors on the PAT, a facial grimace
on the OE which was scored as 1, and three errors on the unlike items
of the SDT. Then the predicted criterion value is:
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«254 + .070 (8) - .147 (1) - .037 (3)

-
=
1

«254 + ,560 - 147 - .111

= .556

Since the criterion can take values of only 0 and 1 and since .556 is
closer to 1 than to 0, one might imagine that the prediction for person
M would be non-recovery. This is not necessarily the case. The
possible predicted scores can range from -.299, if PAT is zero, OE is 2,
and SDT is 7, to .737. Thercfore, one must search for the predicted
valiie below which most scores belong to recovered persons. That is,
one must hunt for the cut-off score which maximizes the number of
correct predictions. This was accomplished by means of two separate
computer programs (2, 3). In this case the cut-off score had a value
of .uu4, By applying the rule that, for a score from the regression
equation that was below this value recovery was predicted, and that for
a score above this value non-recovery was predicted, 62.0 percent
correct predictions wz2re made. No other cut-off score gave such a high
proportion of correct predictions.

t should be obvious that such a cut-and-try procedure allows one
to take advantage of chance differences due to sampling variability to
make more correct predictions than would be possible in an ordinary
random sample. What is not so apparent is that any least-squares
procedure such as the regression techuique used here allows the same
thing to happen. That is, fortuitous differences are always exploited
to obtain the smallest sum of squared deviations betwecen observed and
predicted value of the dependent variable. Therefore, unless very
large samples are used, prediction will ordinarily be better in an
original ("analysis") sample than it will be in later ("cross-
validation") samples. There are formulas which can be used to estimate
the amount of "shrinkage'" to be expected, but these depend upon average
sampling variability and upon strict adhercnce to the model. It is
usually better to obtain empirical data on the shrinkage by coliecting
a second sample of data and applying the original equation and cut-off
score to it (4). 1In this study, the 475 participants who remained in
the study at the end of the final year were divided into an analysis
group of 250 (upon whom trial scoring procedures were experimented with
and from whom variables were selected and a cut-off score was found)
and a cross-validation sample of 225. When the regression equation and
cut-off score in Table 1 were applied to the cross-validation sample,
the correct predictions dropped to 53.3 percent. Such shrinkage is
typical. but greater values and even negative shrinkage, i.e., gain,
in the cross-validation sample will occasionally occur due to sampling
variation.

In viewing Tables 1 through 7, it is apparent that prediction is
better as the testing year more . 'sely approaches the criterion year.
This is the expected finding, of :ourse. The participants are more
like their criterion selves the closer a testing year is to the
criterion measurcnent.
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