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Abstract

AN ACOUSTIC DESCRIPTION OF SELECTED
PHONETIC TYPES COMPRISING /r/ IN THE
GENERAL AMERICAN DIALECT
by

Lorraine Hansen Russell

Adviger: Professor Katherine S. Harris

General American /r/ is a complex composite consisting of at least
five phonetic types: 1) prevocalic /r/, 2) intervocalic /r/, 3) stressed
vocalie /r/, L4} unstressed vocalic /r/, and 5) postvacalic /r/. An acous-
tic description of each phonetic /r/ type would provide a comprehensive
dats base useful to those disciplines interested in how man produces
speech sounds., Since existing acoustic speclifications for General Amer-
ican /r/ were incomplete, the current study was undertaken.

Stimulus words representing the following phonetic contexts /rv/,
/eev/, /CCrV/, /Vrv/, /C3/, /2C/, /C ¥/, /C®/, /C2C/, /VZ/, and
/V 2C/, were embedded in 230 natural American English sentences with sur-
rounding phonetic contexts systematically varied. One adult male subject
produced three repetitions of each of the stimulus sentences. These
tape recorded utterances served as the main data for analysis. Three
additional adult male speakers as well as the majJor subject, produced

twenty-five per cent of the stimulus sentences as a control set. Broad



and narrow band spectrograms were prepared for all stimuli. Only the
data for prevocalic /r/ were analyzed as part of this dissertation.

Prevocalic /r/ events were segmented from the sentence contexts
and found to consist of three acoustic segments: transition one (TR 1),
a steady-state segment (SS), and transition two (TR 2). Each of these
segments were analyzed for fundamental and formant frequencies, seg-
ment durations, and acoustic feature characteristics.

Prevocalic /r/ duration analysis resulted in the following con-
clusions. First, duration was not significantly influenced by antici-
patory co-articulation, or vowel nucleus type. Second, duration had
to be broken down by acoustic segment type, and prevocalic /r/ type
since significant variation resulted from both of these main effects,
and in two-way interactions between them. Third, duration was sig-
nificantly influenced by carryover co-articulation effects, particularly
when clustered; specifically: 1) duration was significantly shortened
in two-element word-initial clusters consisting of voiced stop + /r/;
2) duration was significantly shortened in three element clusters; and
3) the overall manner and place characteristics of cluster members had
no significant influence on duration, although /pr/ was unique. Fin~
ally, the TR 2 segment duration was least affected by co-articulatory
influences.

Prevocalic /r/ frequency analysis resulted in the following con-
clusions. First, frequency measurements were slgnificantly Influenced
by anticipatory co-articulation, or vowel nucleus type. Therefore, all
frequency evaluations had to be broken down by the main effects of pre-

vocalic /r/ type, acoustic segment type, and vowel nucleus type.
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Second, frequency measurements were significantly influenced by
carryover co-articulation, particularly when clustered; specifically,

1) F. and F, vere "cutback" following voiceless cluster members; 2) F,

0
was influenced by the place feature of the preceding cluster member and
may also have been somewhat influenced by the voicing characteristic of
3 was always close to F2 in fre-

gquency value, and was subject to identical co-articulatory influences.

the preceding cluster member; and 3) F

Third, the average formant values for prevocalic /r/ (FO, 133 Hz; Fl,

414 Hz, F2, 1317 Hz; and F_, 1798 Hz) paralleled values established in

3
previous studies. Finally, the frequency values measured at the TR 2
onset were least influenced by carryover co-articulatory effects.
Prevocalic /r/ acoustic feature analysis resulted in the following
conclusions. First, TR 1, S8, and TR 2 acoustic segment features were
minimally influenced by anticlipatory co-articulation effects; specific-
ally, nasality was visible in the TR 2 segment of stimulus words having
a word-final nasal. Second, the TR 1 and S5 segments were substantially
Influenced by carryover co-articulatory effects when clustered; specific-
ally, these segments were frequently observed to have the features of
noise, fricative, and aspirate. Third, the TR 2 segment was least in-

fluenced by co-articulatory effects and always had the features of

volce, vowel-like, tranasitional, and retroflexive.
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CHAPTER 1

THE PHONETIC TYPES COMPRISING /r/ IN THE GENERAL AMERICAN DIALECT:
A SIGNIFICANT SUBJECT FOR ACOUSTIC ANALYSIS

General American /r/ is a complex composite consisting of at
least five phonetic types: 1)} prevocalic /r/, usually transcribved as [rd;
2) intervocalic /r/ usually transcribed as [r]; 3) stressed vocalic [r],
usually transcribed as { # J; 4) unstressed vocalic /r/, usually tran-
scribed as [ 2 ]; and 5) postvocalic /r/, usually transcribed as [r] but
alsc transcribed as [ » ].1 An ascoustic description of each of these
/r/ types would provide a comprehensive data base useful to those dis-
ciplines interested in how man produces speech sounds. Since existing
acoustic specifications for General American /r/ are incomplete, an
Investigation designed to collect sufficient data from which a complete
acoustic description of /r/ could be derived seemed Justified.

The first section of this chapter will consist of a review of
information concerning the phonetic types comprising the phoneme /r/ in
the General American Dialect as described in 1) the literature of artic-
ulatory phonetics, 2) studies of disordered speech, 3) studies of normal
speech development, and L) previous accustic studies. The second section
of this chapter will consist of an overview of the current study.

The Phonetic Types Comprising General American /r/ as
Described in the Literature of Articulatory Phonetics

Prevocalic /r/, intervocalic /r/, stressed vocallic /r/, unstressed
vocalic /r/, and postvocalic /r/ are grouped together since they are often
thought of as one phoneme. A phoneme is an abstract unit of structural

linguistics which may be thought of as the smallest linguietie unit which



may bring about a contrast within words.2 Generatlve-~transformational
linguistics would also consider these phonetic types to be related to a
single element in the underlying representation of the phonologic inven-
tory of General American English. Furthermore, its phonetic representa-
tion would be observed to have the same range as that observed in the
phoneme /r/ of structural linguistics. The generative-transformational
movement in phonology has not resulted in more detailed observations of
phonetic variations in sound types produced by the speaker but has sim-
Ply provided more asdequate observatlions regarding their treatment in the
phonclogical component of a generative grammsr. Both structural phonology
and generative-transformational phonology are primarily concerned with an
abstract, idealized level of language while the principal objJect of con-
cerr in this study is the physical surface realities of human speech.
Therefore, the traditional descriptions of articulatory phoneties provide
more appropriate background information concerning how people produce the
phonetic types associated with General American /r/ than do the featura
systems of either structural phonology or generative-transformational
phonology. What follows, then, is a review of the articulatory and acous-
tic characteristics as traditionally described in the literature of artic-
ulatory phonetics for each of the five phonetic types comprising /r/ in
the General American Dlalect.

Prevocalic /r/. Prevocalic /r/ occurs in the word-initial context
[rv] and in the word-initial cluster contexts {CrvC] and [sCrvc] . It is
usually described as a volced consonant with & manner classification that
is alternatively described as a frictionless continuantB, frictionless
glideh, approximants, or aemi-vowe16. It may be produced with either of

two articulatory maneuvers: tongue retroflexed or tongue bunched. In



the former, the tongue-tip is elevated toward the hard palate-alveolar
ridge juncture while in the latter the tongue-blade is elevated toward
the hard palate and the tongue-tip is pointing downward.T In either case,
the sides of fhe tongue are in contact with the bicuspid and molar teeth.8
Both versions result in the same acoustic effect which 1s described as
rhotecized, an acoustic property resulting from the lowering of the fre-
quency of the third formant.9 A spesker mey use one of these two alter-
native arﬁiculatory patterns exclusively or he may alternate between the
two depending on the influence of phonetic environment. Prevecalic /r/
production may also involve some degree of 1lip rounding.lo

Prevocalic /r/ is subject to much co-articulatory influence,
particularly when clustered. Three variants are typically described:
1) prevocalic /r/ may be produced as a fricative when the tongue forms a
narrow orifice due to the influence of a preceding sound such as /t/, /d/,
and /[/; 2) prevocalic /r/ may be produced as a fricative or as a trill
wher. preceded by /6/; and 3) prevocalic /r/ may be completely or partially
devoiced when preceded by voiceless sounds, particularly by the stops /p,

t, k/ but also by the fricatives /f, 9, I/.ll

Intervocalic /r/. Intervocalic /r/ occurs in the word-medial,

intersyllabic context [VrV] . It is typically considered a variant of
either prevocalic /r/ or postvocalic /r/, depending on its location with
respect to syllable boundary and syllable stress.

Intervocalic /r/ has been considered as a distinct phonetic type
in this study, on the basis of data from a study of disordered /r/ artic-
ulation conducted by Curtis and Hardy. An analysis of error-type for the
intervocalic, intersyllabic /r/, as in carrot, found a high percentage

of omission or vowel substitution followed by a consonant substitution



blended in such a way as to sound quite different from the errors noted

with respect to other /r/ types. Therefore, Curtis and Hardy concluded

that intersyllsbic, intervocalic /r/ was closer to [V zrV] than [VrV]
12

and should be considered is a ¢istinct phonetic type. Kantner and West

support this view.
In words like merry mer: and Erie 1r1 both types are pre-
sent with the movement to the 3 forming the end of the first
syllable and the movement away from this position the beginning
of the second. In furry fari the mechanism is held in the
position long enough to give the effect of a continuant and then
moved on to the ! position, thus producing a glide r.13
The relationship of intervocalic /r/ to prevocalic /r/, stressed
vocalie /r/, end unstressed vocalic /r/ may be dependent upon the position
occupled by intervocalic /r/ with respect to syllable boundary and sylla-
ble stress; that is on whether intervocalic /r/ is pre-stressed, post-
stressed, or pre-unstressed with respect to syllable boundary and sylla-
ble stress. For these reasons, intervocalic /r/ has been included in

this study as a distinct phonetic type.

Stressed Vocalic /r/. Stressed vocalic /r/ serves as the nucleus

of a syllable in such contexts as [C 3], [ 3C], and [c3C]. It is artic-
ulated in much the same manner as prevocalic /r/. However, since it is
syllabic, a continuant sound of scme length and produced through an ori-
fice large enough to prevent the formation of friction it 4is consldered
by most phonetlicians to be a Vowel.lh Ladefoged views it as simply the
vowel { 9] that has r-coloring throughout. He would therefore trans-
eribe it as [ or].

But in "sir, here, fur" the whole vowel is rhotacized. Inso-
far as the quality of this vowel can be described in terms of
features high-low and front-back, it appears to be a mid-central
vowel and would be designated by a point that might be labeled
[9 ] in the middle of the chart. In the systematic phonetic
transcription of Midwestern American English that we are using,
[e ] does not occur in stressed syllables except before [r].15




Unstressed Vocalic /r/. Unstressed vocalic /r/ also serves as the

nucleus of a syllable in the contexts [C <] and [C2C]. It is believed
to be produced in a fashion identical to stressed vocalic /r/ but is
limited to unstressed syllables and therefore reduced.16

Postvocalic /r/. Postvocalic /r/ occurs in the contexts [V & ]

and [V2C] which as previously described may alsc be transcribed as

[vr ] and [VrC] . It may be considered a nonsyllabic, consonant glidelT.

Confusion as to the nature of postvocalice /r/, that is, whether it
is more consonant-like or vowel-like, gives rise to some unresolved phon-
etic-phonemic symbolization problems, particularly when considering dia-
lects other than General American and when comparing /r/ in relation to
other glides or to other sounds that can act as syllebics. Bronstein

has summarized the problems as follows:

a. The use of a postvocalic [r] symbol in fear or fair calls
for the use of m postvocalic [j] and [w]., as Hultzén noted in
an earlier study.

b. Stressed [ 3] and unstressed [ ] are the variant forms
of [ 2] and [ » ], as in murmur and burner. Retaining the [r]
symbol for one dialect and the vowels |3-0] for others, would
not show the appropriate relationship.

c. [¥]and [ 7] are vowel symbols and are easily recognized
as such.

d. Although /1, m, n, r/ may function as syllabics in English,
/1, my, n/ do so in unstressed syllables only. Syllabic /r/ ap-
pears, however, in both stressed and unstressed syllabica, in
bird, and batter. And although the relationship of [1-u- 3]
to |j-w—r seems clear, the special circumstances of [3-o ],
of "r-less" murmur and their relation to /r/ have no counter-
part in the other glides.

For these reasons, American phoneticians seem to prefer to
retain the four vowel symbols [3,3,9,2 ]: the first two
for the common allophonic variante of bird, the last twe for
the variants in father, and the {r] for the consonantal 8051-
tion found befcore and between vowels as in red and very.2

Thus, the phonetic types associated with /r/ in the General

American Dialect represent an unusual compoeite since they encompass



both vowel-like and consonant-like elements which seem to be articulated
in a similar manner. For these reasons, they are a particularly interest-
ing sublect for acoustic analysis.

The Phonetic Types Comprieing General American /r/:
Evidence from Studies of Disordered Speech

Treatment programs for disordered /r/ provide further evidence
that the phonetic types associsted with /r/ encompass an unusual com-
posite. F.blished programs for disordered /r/ treatment include: Slipa-
koft ( 1967)21. Butt and Peterson (1970)22, McDonald and MeDonald ( 1971)23.
Baker and Ryan (1971)2h, Harryman and Kresheck (1971)25, Gerber (1973)26.
and Bown (1975)27. Each of these programs recognizes that /r/ is com-
prised of several distinct phonetic types, at least [r], [ z] ,and [ 2].
Most of the programs begin the therapeutic procedure by evoking the
stressed vocalic /r/ in isolation although Harryman and Kresheck begin
by evoking prevocalic /r/ in consonant blends and Bown begins by shaping
whatever phonetic type has some existing correct productions. Each
program then meves to syllable training, however the order of phonetic
types to be presented is varied, All of the programs are based on the
rationale that the sequence presented begins with the phonetic type that
is easiest to produce and that the segquence is designed to allow for maxi-
mum transfer of learning to each subsequent phonetic type. These programs
are for the most part based on elinical experience and recognize that
systematic ordering of phonetic types may eliminate difficulty in acquir-
ing accurate articulatory patterns. Additional acoustic data might well
provide a data base beneficial to the evaluation of existing therapeutic
programs for the treatment of disordered /r/ and to the development of

more efficient programs.
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In addition to clinical treatment programs for disordered /r/,
there are three experimental studies of misarticulated /r/ which provide
additional evidence as to the unusual nature of /r/ in the General Ameri-
can Dialect and further demonstrate the need for its acoustic study.

Curtis and Hardy (1959). In 1959, Curtis and Hardy reported on

an investigation of thirty children who misarticulated /r/28. Their
first significant result was that /r/ consisted of several phonetic
events which could be differentieted on the basis of patterns of error.

There was the glide consonant /r/ which appeared in a prevocalic
position, [rV] as in row or as a prevocalic element in a blend preceded
by & consonant and followed by & vowel, PCrV] as in crow. An analysis
of error types for prevocalic /r/ found them to be primarily of the
consonant-type,

There was a stressed vocalic /r/ which in this study only occurred
between consonants, [C3C] as in bird. Error types for stressed vocalic
/r/ were primarily of the vowel-type.

There was an unstressed vocallic /r/ which occurred as a post-
consonantal, [C 2 ] as in mother; between two consonants, [C2 C] as in
scissors; as a postvocalic, [V2>] as in bear; and as a postvocalic, pre-
conconsonantal, [V2C] as in fork. 1In these latter two contexts un-
stressed vocalic /r/ is frequently described as a consonant glide and
transcribed as [Vr) and [VrC]} . The Curtis and Hardy results justify use
of unstressed vocalic /r/ since the majority of error types in the latter
two cases were vowel-like as they were for the first two cases which are
universally accepted as unstressed vocalic /r/.

Finally, there was an intersyllabic, intervocalic /r/ context, as

in carrot. Curtis and Hardy made no attempt to describe their intervo-



calic /r/ stimuli as pre-stressed, post-stressed, or pre-unstressed with
respect to syllable stress and syllable boundary but simply stated that
the assignment to syllable was ambiguous. For this type of /r/, Curtis
and Hardy felt that the situation was really [ 2r] as in [ kewrat]. An
analysis of error-type for the intervocalic, intersyllabic /r/ found a
high percentage of omission or a vowel followed by & consonant substitu-
tion blended in & way so as to sound qulite different from the errors
noted with respect to other /r/ types.

A second significant finding was that different types of /r/ can
also be differentiated by the frcquency of error response, l.e., speech
defective individuals make a different percentage of correct response on
the different /r/ types. A rank ordering by correct articulation for the
three major /r/ types within six specific phonetic environments, finds
the following order from most to least accurately articulated: [Cr],
[c3c), [xv], [V2], [C2],and [Vac].2?

Utilizing data from Tables Three and Seven of the Curtis and Hardy
study, it 13 possible to re-tabulate the percentage of correct articula-
tion for the four major /r/ types, without regard to specific phonetic
contexts, though Curtis and Hardy did not present their data in this
form. This data, presented in Table I-1, demonstrates the following rank
order of correct articulation from most to least accurate, for the four
Curtis and Hardy /r/ types, without regard to specific phonetic environ-
ment: prevocalic /r/, 27.6 per cent correctly articulated; stressed vo-
calic /r/, 18.6 per cent correctly articulated; intervocalic /r/, 13.9
per cent correctly articulated; and unstressed vocalic /r/, 10.1 per cent

correctly articulated.30



TABLE I~-1

PHONETIC /r/ TYPES RANK ORDERED ACCORDING TO
PERCENTAGE OF CORRECT ARTICULATION--
CURTIS AND HARDY, 1959

/r/ Type Percentage Correctly Total Number
Articulated (30 Subjects) of Observations
Prevocalic /r/, [r] 27.6 1,842
Stressed Vocalic /r/, [ 7 ] 18.6 L1k
Intervocalic /r/, [ &r] 13.9 1Lk

Unstressed Voralic /r/, [2] 10.1 1,928
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In summary, Curtis and Hardy have shown that on the basis of type
of error response, [r], [ F ], [a‘], and perhaps [ #r] are different phon-
etic events which should not be grouped for clinical or analytical pur-
poses. Furthermore, both postvoeslic /r/ and intervocaliec, intersyllabie
/r/ are best considered as vocalic rather than as consonantal elements.
An acoustic analysis of these /r/ types might further illuminate these
findings.

Sommers, Leiss, and Gerber (1969). 1In this study, each of the

three major /r/ types, [ 3], [r), and { # ], in six of the seven possible
Curtis and Herdy phonetic environments, {(rV], [Cr], [ 3] [vea], [Ce],
and [V2 C], was evaluated by an extensive articulation test inventory in
a miltiple variant experimental deaign.31
One hundred and thirty-one subjects were divided into four cells:
Mild /r/ defect, grades one through three; mild /r/ defect, grades four
through six; severe /r/ defect, grades one through three; severe /r/ de-
fect, grades four through six. SubJects in each cell were then randomly
divided into a group who would remain in speech therapy and a group who
would be immediately dismissed from speech therapy. The purpose of the
study was to determine if it was possible to predict acceptable proficiency
at a later date, both with and without further speech therapy, on the basis
of level of current proficiency in any of the six general phonetic environ-
ments for /r/. All subjects, both experimental and control, were re-tested
three, six, and twelve months following the original phounetic inventory.
The scores from phonetiec condition [C» ] related most closely to
total performance scores. Unstressed voecalic /r/, in two of itz three

phonetic environments [V2C] and [C 2] , was significantly different in

terms of its value as an indicator for dismissal from therapy. Subjects
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who had high performence scores on these two /r/ types, both with and
without speech therapy, showed little regression on later evaluations.
Subjects who had not initially achieved a high level of performance on
these two /r/ types, showed regression in total performance,

The authors hypothesize that these phonetic conditions, [C 2] and
[V 2C]), require that both production and monitoring be performed under
conditions of reduced duration and considerable co=-articulation, and that
once a subject has mastered this degree of speed and complexity of pro-
duction the other /r/ allophones are predictably stahle. An acoustie
study of the phonetic types associated with /r/ would provide data from
which to support or deny this hypothesis. Furthermore, such data could
provide the specifications for synthetic stimuli which could be used in
perceptual experiments designed to probe the crucial elements in pro-
duction and perception of these phonetic types.

Elbert and McReynolds (1975). This study was designed to deter-

mine if training on any one specific /r/ phonetic type would result in
transfer of training to other /r/ phonetic types without specific train-
ing. Twelve elementary school children with average intelligence and
normal hearing served as subjJects. All subjects misarticulated the /r/
sounds in all forty of the test stimuli. The test stimuli consisted of
forty /r/ nonsense words, ten from each of four categorles: 1) word-
initial, prevocalic /r/, [rV]; prevocalic /r/ in word-initial clusters,
[Crv]; stressed vocalic /r/ in a [C 3C] context; and b) unstressed vo-
calic /r/ as postconsonantal, word-final syllabic, [VCe® ], Phonetic
environments were held consonant for each phonetic /r/ type and repre-
sented ten vowels (high, low, front, and back) and four consonante (front,

back, voiced,and voiceless stops). Within a multiple baseline design
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in which six of the twelve children served as controls before receiving
training, three subjects were trained on stimulus type [re], three were
trained on stimulus type [tre]l, three were trained on stimulus type [ ¥ t],
and three were trained on stimulus type [At 2]. The four training stim-
uli were not included in the forty item test stimuli used for pre-training
and post-training evaluation. During the pre-training and post-training
tests, subjects were asked to "Say " Training consisted of
individual seasions, three times per week in which twenty verbal presen-
tations of the selected /r/ training stimulus were presented in six sets
(120 stimulus-response pairs). Subjects were reinforced initially for
approximations of the correct response and finally for only correct
responses with both token and verbal reinforcement. Criterion was
reached when a subject correctly produced eighteen of twenty training
stipuli In three consecutive sets of twenty. Tralning was terminated
when criterion was reached, or if a child failed to reach critericon at
the end of twenty-four sessions.32
The results of this study are displayed in Table I-2.33 Examination
of the data displayed in this table leads to several conclusions and a
number of questions. Of the ten subjects reaching criterion, correct
responses increased in non-trained as well as trained categories indi-
cating that all of the experimental /r/ types were members of the same
response class and may not be independent of one another. Nonetheless,
differences within each training category and across training categories
wvere apparent, though larger numbers of subjJects would be required if such
differences were to yield useful and significant information. For example:

1) prevocalic /r/ in training conditions [re] and [tre] produced more

correct responses within and across experimental phonetic types; 2) sub-
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TABLE I-2

NUMBER OF CORRECT RESPONSES IN EACH ALLOPHONIC CATEGORY ON THE POST-
TRAINING PROBE FOR TWELVE SUBJECTS (0=CONSONANT, V=VOWEL) --
ELBERT AND McREYNOLDS, 1975

Number of Probe Items by
Allophonic Category

Trained 10 10 10 10
Context Subject Age frv] ([crv] [ 2c] [vc®] Totals
[xv/ [rel 8, 8-01 5 6 2 8 21
Soy 8-0l 4 L 3 1 12
S12 6-05 1 3 0 0 L
37
/cxv/ [tre] s, 8-0k 8 7 7 7 29
SOT 8-10 0 8 2 2 12
505* 11-06 0 0 0 0 0
L1
/:¢/ [2e] s, 9-0 0 1 0 3
S06 8-0k 0 2 0 0
So2 7-06 8 9 6 6 29
35
/vea/ [atz ) 8, 8-0k 0 8 1 10 19
508 11-03 0 2 3 L 9
Bogn 9-0 0 3 0 3
31
Totals 26 53 24 41 1hL
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* Subjects who did not reach criterion
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jects not reaching criterion occurred only in the [ At > ] and [tre] train-
ing categories; 3} subjects trained on [ #t] demonstrated 1ittle improve-
ment within that category, even though their correct responses improved

in non-trained categories; kL) subjects trained in the vocalic categories,
[ st} and [ at> ], demonstrated maximum tranafer to the non-trained vocal-
ic category and to the prevocalic /r/ word-initial cluster category, while
demonstrating miminal tranefer of training to the werd-initial prevoecalic
/r/ category; and 5) subjects within each training category demonstrated
marked individuasl differences.

It is apparent that additional experimental studies of this type
utilizing large numbers of subjects would establish a data base broad
enough for within-cell and across-cell statistical evaluation. Such
evaluation would add much to our knowledge of the phonetic types asso~
ciated with /r/ in the General American Dialect and would enable the
development of systematic treatment programs for misarticulated /r/. An
acoustic study, such as the one undertaken in this dissertation, would
provide a complementary data base from which to derive posslble hypotheses
concerning why certain /r/ types are easier to produce and provide great-
er transfer of learning to subsequent /r/ types.

The Phonetic Types Comprising General American /r/:
Evidence from Studies of Normal Speech Development

In addition to evidence from experimental studies of misarticulated
/r/, three phonetic studies of the acquisition of /r/ in the speech of nor-
mal children further support the conclusion that General American /r/ is a
complex composite consisting of several related yet independent phonetic
types.

Stancyk (1969). In 1969, at the 45th Annual Convention of the
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American Speech and Hearing Association, Susan Stancyk reported on a
study of the production of /r/ in the speech of preschool children.3h

Stancyk's subjects were forty normal-speaking, normal-hearing
pre-school children between the ages of three and one-half years and four
and one-hslf years. All were enrolled in nursery school programs. Each
child was individually tested with a picture articulation test designed
to elicit a total of sixty-three /r/ responses, nine from each of the
seven phonetic contexts: {rv], [Crv], [CacC], [Vv2], [veac], (Cc2 ],
and [C2C]. Responses were marked as correct or incorrect and were not
phonetically transcribed, hence,data as to developmental error types which
could have been profitably compared to the Curtis and Hardy data on mis-
articulated error types were lost, Stancyk's Tindings are dlsplayed in
Table I-3.°°

Study of Table I-3 leads to two significant conclusions. First,
prevocalic /r/, stressed vocalic /r/, and unstressed vocalic /r/ are sig-
nificantly discrete phonetic types since each has an independent develop-
mental chronology. Stancyk reported that using non-parametric statistics
the differences in percentasges of correct production between prevocalie
/r/ and stressed vocalic /r/ were atatistically significant beyond the
.001 level of confidence, while the differences in percentages of correct
production between stressed vocalic /r/ and unstressed vocalic /r/ were
statistically significant from between the .02 and the .0l levels of con-
fidence.

Second, the developmental order of the three major phonetic types
of /r/ from the most to the least accurately produced was prevocalice /r/,

unstressed vocalic /r/, and stressed vocalic /r/. This finding was not

predictable on the basis of the Curtis and Hardy study. Their data
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TABLE I-3

PERCENTAGE OF CORRECT PRODUCTION OF /r/
WITHIN EACH OF SEVEN GENERAL PHONETIC
CONTEXTS BY AGE GROUP -- SUSAN STANCYK (1969)

General Phonetic
Contexts
Prevocalie /r/, [r]
/rv/
/crv/
Stressed Vocalic /r/, [ 3]
/CacC/
Unstressed Vocalic /r/, [ #)
Vg /
/NF e/
/Ca/

/CacC/

Group I (N = 20)
Aged 3 to L
Percentage Correct

69.
T0.
68.
T1.
T1.
73.
68.
63.
82,
78.

p
9

R « AT « o

-~ N

Group II (N = 20)
Aged L to Wk
Precentage Correct

90.5

88.8

92.2

73.6

73.6

75.6

T7.8

77.2

79.8

67.8
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ranked prevocalic /r/, stressed vocaliec /r/, and unstressed vocalie /r/
from the most to the least accurate for articulatory defective speakers
(Table I-1). One would have logically predicted the same order for the
developmental sequence.

Stancyk's study would have been of greater interest had the age
range for subjects been expanded to include two and one-half year olds
and five and one-half year 0lds since the least accurately produced of the
/r/ types, /VaC/, was still correctly produced 63.77 per cent of the time
at age three and one-half and the most accurately produced /r/, /CrV /, was
correctly produced only 92.2 per cent of the time at age four and one-half
Years. An acoustic study of /r/ in adult speakers would provide a valuable
data base on which to compare the development of /r/ in the speech of normal
children since it would be useful to know which acoustic featurea lead
to a Judgement of correct or incorrect production, how the acoustic fea-
tures of a child's /r/ compare with those of an adult's /r/, and what
the developmental order of various acoustic parameters might be as a
child's /r/ becomes more like that of an adult. In fect, Sarah Hawkins
recently published & comparative study of the acoustic features of chil-
dren's speech development in relation to those of the adult in an attempt
to answer Just such questions.

Hawkins (1973). Hawkins attempted to compare the speech of chil-

dren to that of adults with respect to the duration of consonants in clus-
tered and non-clustered environments.36 Her stimull consisted of English
monosyllabic words containing /s/, /1/, and /r/ in clustered and non-clus-
tered context. Seven normal-speaking children, four through seven years

of age, served as subjJects. Hawkins recorded their speech in their own homes

at weekly intervals as they repeated words from stories that had Juat been
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read to them, until thirty-six utterances of each stimulus word had been
collected. She then made oscillograms and measured all of the consonant
durations and some of the vowel durations to compare with a similer adult
study conducted by Haggard. Her chief conclusion was that mature forms

of consonant timing were not acquired absolutely by children of this age
where prevocalic or postvocalic /1/ was involved, and probably not acquired
where /s/ was involved, while for /r/ there appeared "to be no strongly

n37 However, she felt that the most

abnormal trends in the children's data.
revealing comparisons concerning /r/ could not be made since existing adult
data was either not sufficient or had been reported with too little detail
to allow for recalculation if exact comparisons were to be made. Clearly,
a substantial data base for the acoustic parameters of /r/ in adult speech
is necessary before the many exciting questions concerning children's
speech sound acquisition may be answered via comparison between acoustic
studies of the speech of children and those of the adult.

Dalston also compared the acoustic characteristics of English

/w, r, 1/ as correctly spoken by young children and adults.

Dalston (1975). Dalston's study was undertaken to determine if

word-initial /w/, /1/, and /r/ were comparable in spectral and temporal
characteristies in young children and adults.38 His subJects were ten
normal-speaking children ( six male and four female ) with a mean age
of three years, eleven months and five normal-speaking adults ( three
male and two female ). Each child subject named a set of twenty-nine
stimulua pictures at leact six times, while each adult subject read a

list of twenty-nine corresponding words at least eix times. Nine stimulus
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words were randomly incorporated within the twenty-nine word list. These
nine stimulus words were of the /CV/ type, each initiated with /w/, /1/,
or /r/ and combined with the vowels /i/, /a/, and /u/. All test words
vere tape recorded and spectrograms were made., The following measurements
were then obtained from the spectrograms: 1) formant frequencies for Fl’

F and F_, of the word-initial consonant steady-state, and of the vowel

2° 3

steady-state; 2} duration measurements of the steady-state portion, and of
the transition for each of the first three formants of /w/, /1/, and /r/;
and 3) transition rates for each of the first three formants of /w/, /1/,
and /r/.

Dalston's frequency data, parallel for children and adults, demon-

strated that: 1) F. has a characteristically low frequency value which

1

does not serve to separate /w/, /r/, and /1/; 2) F. serves to distinguish

2
/w/ from both /1/ and /r/; and 3) F3 has a very low frequency value for
/r/. which serves to distinguish /r/ from /1/.39 These findings were
ldentical to previocus acoustic studies of adult /w, r, 1, j/ which will be
reviewed in the next section of this chapter.

The first significant finding in the Dalston study concerned /1/.

Spectrograms of /1V/ stimuli had rapid F, transitions accompanied by a

1
“click"; that is, by a transient noise source which was seen as a narrow
vertical spike on the wideband spectrogramho. Transient noise sources were
never observed in the spectrograms of /wV/ or /rV/ stimuli. This transient
noise source was felt by Dalston to account for the fact that children rare-
ly substitute /w/ or /r/ for /1/ during the process of speech sound acquisition.
The second significant finding in the Dalston study concerned /r/,
but only as observed in spectrograms of the speech of children. The F2

transition rate for /r/ was slower than that for either /w/ or /1/.
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in the speech of childre-n.h1 O'Connor, et al., had previously demon-
strated that a slow transition rate was frequently heard as /wr/ at least
before the vowels /i, e, € /.h2 These temporal characterigtics may well
account for children's /w--r/ production confusions during the process
of speech sound acquisition.

In summary, a review of the literature of articulatory phonetics, of
studies of disordered articulation, and of studies of children's speech
sound acquisition has lead to the conclusion that /r/ in the General Ameri-
can Dialect consists of a complex composite of phonetic types. Furthermore,
it has been demonstrated that aa acoustic study of each of these phonetic
types as produced in the speech of adult speakers of the General American
Dialect would proviue a comprehensive data base useful to further study of
speech sound production, speech sound acquisition, and speech sound mis-
articulation.

The Phonetic Types Comprising General American /r/:
Previous Acoustic Studies

The sound spectrograph, the pattern playback, vocal tract analogues,
and computer controlled resonance synthesizers have all been developed dur-
ing the last thirty years. As a result of these advances in instrumentation,
many acoustic studies were completed. These studlies were of two maln types:
1) acoustic studies of natural speech production, and 2) perceptual studies
utilizing synthetic stimuli. A review of these studies established that
existing data concerning the acoustic specification of /r/ in the General
American Dialect were incomplete., What follows, then, is a chronological
review of all previous acoustic and perceptual studies of the phonetic types
comprising /r/.

Tarndczy (1948). The first relevant acoustic study was completed

prior to the development of refined instrumentation. Tarn&czy Photographed
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the oscilloscope and laboriously subjected the resultant speech waves to
Fourier analysis in order to study laterals, nasals, and glides.h3 He
evaluated bisyllabic productions of the form /CVCV/ for six adult speak-
ers, four male and two female. Tarnéczy compiled date concerning the
formant structure of /r/ and found that it was unlike any vowel and
gimilar to /1/ except that it did not have the high frequency Fh found
in /1/. Formant values for /r/ were &8s follows: F,, 550 Hz; F,, 1400 Hz;
and F3, 2000 Hz.hh

This early study was primarily of historical interest since later
work led to the discovery that formant loci and formant tresnsitions were
more important in identifying glides than were their steady-state seg-
ments. Furthermore, it was impossible to know which portion of the pre-
vocalic /r/ event, steady~state onset or transition, Tarnéczy chose to

inspect.

Peterson and Barney (1952}, This classic acoustic and perceptual

study of General American vowels was done at the Bell Laboratories in
1951.hs Seventy-six speakers, including thirty-three males, twenty-eight
females,and fifteen children, recorded word 1ists containing ten General
American vowels embedded in the CVC frame /hVd/. The resultant 1520 tape
recorded words were acoustically analyzed by means of a calibrated sound
spectrograph. The taped word lists were also presented to seventy lis-
teners over loud speakers for aural classification. Stressed vocalic v/
ag produced in the word herd was part of this study.

Acoustically, stressed vocalic /r/ behaved unlike any other vowel
in that it had an F_ closer in frequency to F

3

It was for this resson, that Peterson and Barney felt that stressed vo-

o than for any other vowel,

calic /r/ in the aural classification portion of the study had high in-
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telligibility along with /i/ and fu/, which hold terminal positions in the
vowel triangle making them difficult to displace. It is interesting to
note that /i/,/u/, and /2 / are also the stressed vocalic variants of the
glides /3)/, /w/, and /r/. Peterson and Barney speculated that /¥ / held
its unique acoustic pattern among vowels since it was the only vowel with
a marked degree of retroflexion; "...that is, in addition to the regular
humping of the tongue the edges of the tongue are turned up against the
gum ridge or hard palate."146
The specific acoustic parameters for [ ] are presented in Table
4.7
Comparison of Peterson and Barney's formant frequency values for
the stressed vocalic /r/ and Tarndczy's formant frequency values for

prevocalic /r/ finds them similar, except for F_,which is 300 cps higher

3!
in the consonant glide /r/ of Tarnéczy's experiment. Since the O'Connor,
et al., study, which will be reviewed next, indicates that for consonant
glide /r/, F

begins at a polnt Just above F, and usually rises to the

3 2
steady~state of the vowel, we can estimate that the portion of the /r/
which Tarndczy inspected was part of the transition as it approached the

vowel steady-state.

0'Connor, Gerstman, Liberman, Delattre,and Cooper (1957). 1In the

first part of this perceptual study, pattern playback stimull were prepared
8

for the glides /w, J, 1, r/.h All stimuli were of the CV type with each
of the four glides being paired with each of seven cardinal vowels /i, e,
€, 8,2, 0, u/. As had been previously shown in Haskins Laboratories'
pattern playback experimente for consonants with other manner of produc-

tions, the frequency location for the onset of F, and F3, and the nature

2

of their transitions to the vowel steady-state were found to be equally
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TABLE I-k

AVERAGE FUNDAMENTAL AND FORMANT FREQUENCIES
AND FORMANT AMPLITUDES OF VOWEL BY SEVENTY-SIX SPEAKERS
PETERSON AND BARNEY (1952)

Men Women Children
Fundamental Frequency for /3 / {(cps) 133 218 261
Formant Frequencies for /3 / (cps)
F
1 490 500 560
Fa 1350 1640 1820
F
3 1690 1940 2160
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important cues in the preparation of identifisble synthetic glides.
Specifically, the F2 onset frequency location was sufficient to

distinguish /})/ from /w/ from /r-1/, but F_ was needed to distinguish fr/

3
from /1/.

That 1s, F2 began at a low frequency for /w/, 600 Hz; at a mid-
frequency for /r-1/, 1800 Hz; and at a high frequency for /J/, 2400 Hz.
The distinction between /1/ end /r/ was evidenced in an F3 that began at
a point jJust above F2 and rose to the steady-state vowel location for Ir/,

and an F._, that began at a point at least as high as the vowel steady-state

3
for /l/.hg To clarify the relationships between F, and F3, the reader
is referred to Figure }-2, page 39, which provides a map of these rela-
tionships as delineated by Lisker in a later atudy.50

The entire class /r, w, 1, )/ was found to differ acoustically from
stops and nasals in that the glides were all initiated by a steady-state
onset which had the same frequency as the F2 loci. These steady~state on-
sets had different durations depending on the glides in question. When
this steady-state onset was omitted, a stop plus a glide cluster was fre-
quently perceived.

When the steady-state onset was of a thirty millisecond duration,
/w/ and /)/ were perceived. If the /w/ and /j/ steady-state onsets were
increased to a forty millisecond duration, two vowels /u+V/ or /i+V/ were
perceived. When the steady-state onget was of a fifty to sixty millisec-
ond duration, /r/ and /1/ were perceived. If the /1/ and /r/ steady-state
onsets were increased to longer than seventy milliseconds, syllabicity
51

occurred and / al+V/ or /o r+V/ were perceived.

The frequency location of F, was found to be cruclal only to the

1
perception of /1/. /w/ and /j/ both had Fl frequency locations of
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approximately 240 Hz which was also the F1 value for /i/ and /u/. If the
Fl frequency location fell below 120 Hz then a stop + a glide tended to

be perceived. /1/ absolutely required an F. of higher than 360 Hz if it

1

were not to be perceived as a nasal. /r/ could have an F, frequency of

1
anywhere from 120 Hz to 600 Hz with differences only affecting the 'r-
color" perceived.52
The formant transition durations did not distinguish among glides
but between them and other consonant types. All glides could be per-
ceived with a 100 millisecond duration; if the length of the formant
transition was decreased, stope were perceived; if the length was in-
creased too greatly, an impression of a vowel changing color was created.
Thus, /w, 1, r, J/ could all be perceived with formant transitions of
100 millisecond duration, though /1/ was clearer with a sixty to seventy
millisecond duration, and /r/ was clearer with a duration of up to 300
milliseconds. The quality of /1/ was further improved when the F1 dura-
tion was as brief as ten milliseconds.53
In Part II of this experiment, pattern playback stimuli for /w,
r, 1, J/ as combined with the vowels /e, a, o/ were varied in crucial
acoustic parameters; six different F2 loci (750 Hz, 840 Hz, 1200 Hz,
1560 Hz, 20L0 Hz, and 2L00 Hz) were paired with no F3, a rising F3, and a

straight F These stimuli were presented to phonetically naive under-

3°
graduate students for labeling as /w/, /1/, /r/, or /3/.

The values for the acoustic parameters of /w, r, 1, )/ as presented
in Part I of the experiment were those most frequently labeled as /w/, /r/,
/1/, and /3/. That is, "the starting point of the second-formant transi-
tion distinguished /w/, /r-1/, and /j/. This formant starts at & low fre-

quency for /w/, at a middle frequency for /r/ and /1/, and at & high fre-
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quency for /3/. The third formant tends to distinguish /r/ from /1/,
/r/ being helped by the rising third formant and /1/ by the straight

n5b However, perception of /1/ was noticeably inferior to

third formant.
the other three phonemes.55 This difference was prcbably caused by tco
slow a transition for Fl,as well as the lack of translent noise source
found consistently necessary to adult /1/ production and perception in
later studies.56
In summary, pattern playback stimuli for the consonant glide /r/ in

the initial position before a vowel, /rV/, consisted of the following

o locus (1800 Hz} with an F, locus

that initiates just above the F2 locus and rises; a steady~state onset

acoustic parameters: a mid-frequency F

segment of the same general frequency as the F, locus which is of a fifty

2
to eixty millisecond duration; and formant transitions from 100-300 milli-
seconds in duration.

Lisker (1957)}. In a companion perceptual study to the one Just

cited, Lisgker specified the acoustic parameters for /w, r, 1, J/ in the
intervocalic position as determined by pattern playback investigation.
Initially, his question was "To what extent can an isolated synthetic
vowel depart from the acoustic steady-state condition without concomitant
phonetic shift?"ST In answering this question, Lisker prepared three for-
mant vowels of 500 millisecond duration and systematically varied their
middle portions. Certain minimal variations resulted in the perception of
/w, 1, r, J/. He then experimented to determine the acoustic features
needed to synthesize these phonemes and to establish their acoustic

boundaries.

In order to produce /w, r, 1, J/ in a /VCV/ context, five segments
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of specific duration were required; thus five acoustic segments were
needed to produce three phonetic segments. Segments one and five had to
be of 150 millisecond duration while segments two, three, and four each
had to be of fifty millisecond duration. Shorter durations for segments
two, three, and four resulted in flaps; while greater durations were heard

/.58

as geminates of /w, r, 1, § These acoustic requirements are easily
visualized in a sample pattern playback stimulus presented as Figure I-1.
Pattern playback stimuli of the five segment type shown in Figure
I-1 were prepared for /w, r, 1, J/ in the contexts {i--1], [u--u) and
[a--a] and presented to forty phonetically naive undergraduate students
for identification. GSegments one and five of the stimuli had formant
structures (Fl. F2, F3) known to yield the vowels /i, a, u/; segment
three had formant structures (Rl, Ry, R3) that yielded the best /w, r, 1,
J/; and segments two and four had formant structures (Tl‘ Tos T3) of chang-
ing value, though of constant slope, since the initial and terminal fre-
quency values were those of adjacent segments. The best values for seg-
ment three were similar to those values presented in the previously re-
viewed study of initial /w, r, 1, j/ by 0O'Connor, et al.. The first for-
mant frequency (Rl) was ldentical for /w, r, 1, }/ but varied with the
vowel-type; for /i/ and /a/ the frequency was 360 Hz, while for /u/ it was
180 Hz. The frequency locations for formants two and three (R2, R3) varied

with glide-type; R, served to divide the stimuli into the subsets /w/, [f1-

2

r/, and /J/, while R, was needed to distinguish /r/ from /1/. Figure I-2

3
shows the necessary relationship between R2 and R

/.7

in order to produce /w,

3
r, 1, J
Two additional findings are important. First, synthetic /1/ was

again poorly identified by listeners. Furthermore, when Lisker graphed
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FREQUENCY IN CPS

FIGURE I-1.

3600

3000

2400

1800

1200

600

150 50 60 50 150

TIME IN MILLISECONDS

SAMPLE STIMULUS SHOWING THE FIVE SEGMENTS AND THE ACOUSTIC
FEATURES WHICH WERE MANIPULATED IN THE EXPERIMENTS - -
LETIGH LISKER (1957).
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F,(R,)
high mid low
/1/
high
13/ /w/
F3(R3)
low Ie/

FIGURE I-2. HMAP OF THE RELATIONSHIPS BETWEEN (R ) FOR

F.(R.)
THE GLIDES /w, r, 1, 3/ -- LEICH LESKER (1957?
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the 32 - R3 frequency locations common to each phone, independent of vowel

contexts,/r, w, J/ each had a common area while /1/ had no one area com-
mon to its three vowel contexts.60 Clearly, the acoustic parameters of
synthetic /1/ are somewhat different from those of /r, w, J/.

The second finding is more pertinent to this dissertation. Since
the identification of the intervocalic phone depended in part on the
composition of the segments one and five (vowel steady-states), Lisker
ran a small conj)oint study to discover how identification would be affec-
ted by a context consisting of dissimilar vowels.

Patterns of the kind already used in the /u--u/ test were al-
tered by shifting Fp and F3 of segment 1 to values appropriate to
/i/. These new patterns were played to a small group of listen-~
ers who made judgements of the consonant in the context /i--u/,
and then in the context /u--i/ (by means of reversing the direc-
tion of movement of the patterns on the Playback). These judge-
ments were then compared with the Judgements obtained for the
/i--1/ and /u--u/ eituations. In all, 105 different patterns
were evaluated in each of the asymetric contexts. For 65 of the
patterns the same jJudgements were recorded for both /i--u/ and
/u-=1/ orders. In the remaining 40 cases the identification
varied with the order in which the vowels were heard. There were
four kinds of such "double entendre":

uwi == iru

uwl == ilu

uri =- ilu

uli == iyu
In 38 of these 40 cases the responses to /u--i/ were the same as
the responses to the /i--i/ patterns having the same Ry and R3
valuea; in 30 of the cases responses to /i--u/ were the same as
those to the corresponding /u--u/ patterns,

This result adds support tc other findings which show .that the
transitional segment following an intervocalic consonant contributes more
to the identification of the consonant than does the transition preceding
the consonant.

In summary, Lisker's contribution to the acoustic descriptien of /r/
was to describe intervocalie /r/ in terms that were almost in complete

agreement with the findings for initial /r/ as reported by O'Connor, et
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al.. The relationship between F2 and F3 loci were identical; however,

as could have been predicted, intervocalic /r/ consisted of three acoustic
segments while initial /r/ consisted of only two. Intervocalic /r/ had

one steady-state portion surrounded by two transitions, each segment being
of fifty millisecond duration. The transition formant loeci for intervocalice
/r/ seemed to be more influenced by the adjacent vowel segments than did

the transition formant loci for initial /r/. Furthermore, the transition

to the second vowel segment had greater influence In identifying the glide

perceived than d4id the transition from the first vowel segment.

Lehiste and Peterson (1961). Lehiste and Peterson acoustically

analyzed 1263 monosyllabic CNC words (consonant phoneme-syllable nucleus
~consonant phoneme) recorded by one male General American speaker and a
control set of seventy words uttered by five speakers of the same general
dialect. The purpose of their study was "to investigate the distinction
between formant movements which serve as cues for conscnant identifica-
ticon and formant movements which signal the presence of s complex syllable
nucleus, such as a glide or a diphthong."62 The results of this investi-
gation reveal the complexlty of co-articulation effects thereby demon-
strating weaknesses in both the "hub" and "locus" theories. However,
little was added to knowledge concerning the acoustic parameters of the
consonant allophones of /r/ other than to demonstrate that the duration
of onglides and offglides as well as the frequency locations of the for-
mant structure, both at the consonant lccus and at the vowel target,

were subject to great fluctuation in absolute duration and value when
measured from natural speech samples due to the influence of adjacent

vowel and consonant elements upon each other. Consequently,
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Peterson and Lehiste questioned the validity of data gained from syn-
thetic speech ideolects such as the pattern playback,since under these
conditions vowel formant structure was held constant allowing only the
constant transition to vary even though co-articulation effects dis-
allow this possibility in natural speech. Nevertheless, Peterson and
Lehiste did not publish sufficient deta concerning the consonant allo-
phones of /r/, in this article, to determine whether or not the data of
0'Connor, et al., were supported or denied in natural contextual environ-
ments,

Having recognized the potential role of the transition on the
syllable nucleus (vowel) as well as on the consonant, Peterson and Lehiste
then differentiated between various syllable nuclei on the basis of trans-
itional variations; herein lies their major contribution to the acoustic
parameters of /r/ allophones. They concluded that the relationship among
the durations of the onglide, target, and offglide of a syllable nucleus
divided the syllable sounds of American English into

.. .fifteen syllable nuclei, subdivided into short and long. The
long nuclei are further subdivided into simple and complex nuclei.
The four short nuclei are lax monothongs. The five simple long
nuclel are tense monothongs; the complex long nuclei consist of
three single-target nuclel and three dcuble-~target nuclei. The
single~target nuclei are glides. Only the double-target nuclel
are diphthongs. The total inventory of stressed syllable nuclei
might then be listed as follows:

Short nuclei: (1), (e}, (a), (u)

Long nuclei:

(1) Simple: (i)g (&,‘), (a)q (O)g (U)

(2) Complex: . v
(a) Single target: (e'), (0o7), (3) 63
(b) Double target: (a1), {auv), (o1).

Thus, stressed vocalic /r/ was categorized as a complex single tar-
get syllable nucleug called a glide. Specifically, it was found to con-
gist of a short steady-state followed by a rather long glide. It was

U

1
unique among glides ( /@ ,0 , 3 / as classified by these authors) since
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the direction of this movement was markedly influenced by the terminating
consonant. Unstressed vocalic nuclel were not considered in this study.

In summary, then, the contribution of Peterson and Lehiste was to
define the relstionship of stressed vocalic /r/ to other syllable nuclei
(vowels), and to support the necessity to examine all acoustic features
in natural speech samples.

Lehiste {196L4). In 1964, Lehiste published an extensive acoustic

study of "some initial, medial, and final allophones of /r/ in Midwestern

64 Her stimull consisted of 135 words embedded in the

American English,"
sentence frame "Say the word instead." The /r/ stimulus words
represented the following twelve types, which are described in Lehiste's
terms, followed in parentheses by one exemple taken from each category:

1) initial allophones of /r/, (ram); 2) final allophones of /r/, (bar);

3) the syllable nucleus { ¥ ] in CNC words, (burn); 4) the syllable nucleus

[ 3] in CN words, {(burr}); 5) the derivative suffix -er (-r) added to

vowels, {(drawer); 6) the derivative suffix -er added to stems ending in

/r/, (bearer); 7) the stem-final /r/ before the derivative suffix -y (-ie},
(dearie); 8) intervocalic /r/ not associated with morpheme boundary, (arid);
9) stem-final /r/ before the derivative suffix -ing (boring); 10) post-
consonantal final /r/, {suthor); 11) postconsconantal /r/ before vowels (syl-
labic allophones), (angry); and 12) postconsonantal /r/ before vowels (syl-
labic allophones), (bakery). Stimulus sentences were read in random order
by five adult speakers of the Midwestern dialect of American English. The
tape recorded utterances were then analyzed spectrographically and fre-

quency messurements for the first three formants of each /r/ type were

calculated.

The average formant positions asscclated with each of Lehiste's
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65 In addition to

twelve /r/ allophones are presented in Table IV-5.
the formant frequency values, Lehiste also described whet she called
"dynamic patterns" of /r/ segments. However, she did not measure segment
durations.

The initial sllophones of /r/ (Lehiste's type one, e.g., ram, com-
parable to the word-initial prevocalic /r/ stimull of this study) were
characterized by low frequency values for the first three formants and

by a close F2 and F The dynamic pattern consisted of a steady state

3
segment followed by a rapidly moving transition to the following vowel.
These prevocalic /r/ types were not influenced by the following vowe1.66
Final allophones of /r/ {Lehiste's type two, e.g., bar, comparable
to the postvocalic /r/ stimuli in the [V # ] context of this study) had a
higher frequency value for all three formants than those found in initial
/r/ allophones,with a second formant that was in the range of the third
formant of the initial /r/ allophones. However, final /r/ allophones were
influenced by the preceding vowel.6T
The syllable nucleus [ 3 ] in CNC words (Lehiste's type three, e.g.,
burn, comparable to the stressed vocalic /r/ stimull in the [C 3] context

of this study) had an F. and F2 that was similar to the final allophones

1

of /r/ while F_ wasa higher. Dynamically, [ ] could not be defined by the

3
steady state alone but conaisted of an initial transition, a brief steady
state and a relatively long glide toward the following consonant's fre-
quency position.68

The syllable nucleus { 3] in CN words ( Lehiste's type four, e.g.,
burr, comparable to the strossed vocalic /r/ stimuli in the [C2 ] context
of this study) differed from that in CNC words, type three, only in dynamic

patterns., "In CN words, the syllable nucleus [ 3] is not segmentable into



TABLE I-5

AVERAGE FORMANT POSITIONS, IN CYCLES PER SECORD, OF VARIOUS ALLOPHONES OF /r/.
COLUMN KUMBERS REFER TO THE TWELVE /r/ STIMULUS WORD TYPES-I. Lehiste (196k4)

/r/ TYPES

1 2 3 L 5 6 T 8 9 10 11 12

FORMANT 1 280 460 L4s L2s 435 Los# 420 465 11:35“* L20 385 385
55

FORMANT 2 920 1260 12Q 1255 1270 1115% 1110 1235 1120 1370 1280 1210
1270 1195k

FORMARNT 3 1350 1540 1605 1495 1530  1k20* 1400 1510 1390 1600 1575 1480
151044 1Lpones

* lowest value after syllable nucleus
®% steady state value
### jpnitial-like allophone

113
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a steady-state and a glide on the basis of formant positions."69

The formant structure of the derivative suffix -er (-r) added to
vowels (Lehiste's type five, e.g., drawer, which has no comparable stim-
uli in study) occupied a middle position between the final /r/ allophones
and the syllable nucleus [ 3‘].70

In the derivative suffix -er added to stems ending in /r/ (Lehiste's
type six, e.g., bearer, which has no comparable stimull in this study) the
final /r/ was identical in character to the derivative suffix added to
vowels,while the stem final /r/ resembled an initial allophone of /r/ in
that it had a low F2 and F3.Tl

All intervocalic /r/ types (Lehiste's type six, e.g., bearer; type
seven, e.g., dearie; type eight, e.g., arid; and type nine, e.g., boring,
of which type elght is comparable to the intervocalic /r/ stimuli of this
study,while types six, seven, and nine have no comparable stimuli in this
study) "could be roughly divided into two groups; one set of allophones
appeared more similar to the initial allophones than the other set, ani
was classified as lnitial-like. These initial-like medial allophones
occurred each time as the first member of sequences /r/ + /r/, when the
sequence was the result of adding the derivative suffix -er to a stem end-
ing in /r/. They also occurred sporadically in other sequences, partic-
ularly after /qu/ and /a1 /, although their occurrence did not appear sys-

tematic as in the sequences /r/ + /r/."TQ

The initial-like allophones had
a lower formant frequency value for all formants than did the other inter-
vocalic allophones.

The postconsonantal final /r/ltypea (Lehiste's type ten, e.g.,
author; type eleven, e.g., angry; and type twelve, e.g., bakery, of which

type ten is comparable to postvocalic /r/ in the [C 2 ] context of this
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study; type eleven is somewhat comparable to prevocalic /r/ in the [CrV]
context of this study although Lehiste's stimulil occurred in an unstressed
syllable,while those of this study occurred in a stressed syllable; and
type twelve which has no comparable stimuli in this study were
«.+.8tudied in several types of words. The formant structure of
final /r/ in monomorphemic, monosyllsbic words was not appreciabdbly
different from that of final /r/ as derivative suffix added to
vocalic stems. Two postconsonantal allophones of /r/ appeared
in the analysis., The postconsonantal final allophone was identi-
fied with [ ¥ ] as syllable nucleus in monosyllabic words and con-
sidered syllabic., A contrast was observed in nonfinal postcon-
sonantal position between a consonantal allophone and one con-
sidered in some ways similar to the postconsonantal final allo-
phone. The contrast appeared to be defined in terms of formant
structure as well as duration. The phonetic features that were
agsociated with the sound similar to the postconsonantal final
allophone, distinguishing it from the consonantal sllophone,
were assumed to constitute characteristics of syllabicity.T3
In summary, then, I.ehiste provided a detailed diacussion of the
forrant frequency values and dynamic patterns for twelve /r/ types, in-
cluding four varieties of unstressed vocalic /r/ not included in the cur-
rent study. However, this study inciuded unstressed /r/ in the context
{CaC], stressed vocalic /r/ in the context [ 2C] , and prevocalic /r/ in
word-initial clusters which were not included in the Lehiste study. All
twelve of Lehiste's /r/ types were described as phonetically similar.

Their most common characteristic was a low F_, frequency value which was

3
very close in value to that of F2, felt by Lehiste to be the acoustice
correlate of retroflexion. However, "given this basic phonetic similarity,
a great deal of individual variation is possible both from speaker to
speaker and from positional variant to positional variant."Th The only
ellophone always distinguishable from any other allophone on the basis of

frequency data was the initial allophone, or prevocalic /r/ in a word-ini-

tial position. That allophone always had "relatively lower positions for
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the first three formants than were observed in other allophones of /r/".75

Ainsworth (1968). 1In 1968, Ainsworth published a perceptual study
76

of the semi-vowels /w, r, 1, J/ as they occur in /CV/ contexts. Com-

puter produced stimull were modified over a large range of difference in
three basic experimental conditions.

In the first experiment, the Fl locus was held constant while the
F_ and F_ locl were varied in frequency location and in the duration of

2 3
the transition. In the second experiment, the F1 locus was varied with

the F2 and F., loel in frequency location while all transitions were held

3
constant at a 100 millisecond duration. In the third experiment, the
transitions of F1 were changed from their usual ramp~like shape to a atep-

like shape; that is, the locus of F. was held at a constant frequency un-

1
til F, and F_ transitions were complete, then it was changed in a single

2 3
ten millisecond step.

The stimuli in each of these experiments were submitted to a
board of naive listeners for labeling as /w, r, ), 1/. Responses were
Plotted as a function of the experimental variants Just described.

The results of experimental condition one found the relationships
between the frequency locationa of F2 and F3 as reported by O'Connor, et
al., to be correct; absolute measurements in Hz for the frequency location
of F2 and F3 loci varied with the subsequent vowel as previously reported
by Peterason and Lehiste. Transition duration was found to have no rela-
tionship to accurate linguistic labeling. /1/ was again found to be poorly
identified by listeners. The results of experiment two demonstrated once
more that the frequency location of Fl is unimportant. Furthermore, vary-
ing the F1 locus did not improve the perception of /1/. The final experi-

mental condition established that a step-like shape for F. markedly in-

1
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creased the percentage of correct perception for /1/ while decreasing

the percentage of correct perception for /w, J, r/. The author theorized
that sudden shift of the tongue-tip from the contact articulation point
found only in production of the semivowel /1/, as it occurs in /CV/ con-
texts, wae mirrored in the step-like function of the F1 transitiou.TT

In summary, Ainsworth substantiated the acoustic boundaries for
initial consonant glide /r/ previously reported by O'Connor, et al., and
offered further evidence that on both an scoustic and articulatory basis
/1/ may not be appropriately grouped with the semivowels /w, r, J/.

Klatt (1973). In the Klatt study of the effects of clustering on
prestressed word-initial /s/ and /r/ clusters, three male adult speakers
of American English, dialect unspecified, recorded five examples of each
of twenty-five different word-initial clusters and an additional thirteen
words beginning with single consonants for reference purposes.TB The five
examples for each of the word-initial clusters included four words with
the vowels /i, 2 ,atu/ and a fifth word which added a second syllable to
the end of one of the preceding four monosyllabic worda; for example,

street, stregs, strike, strewn, and stressful. Prevocalic /r/ was inclu-

ded as a single consonant and as a member of a two element cluster with
the stop consonants /p, b, t, d, k, g/ and in three element clusters with
the consonants /sp, st, sk/. All stimulus words were spoken in the frame
sentence Say X instead. Spectrograms were made and segmental durations
defined by stated acoustic boundaries.

Klatt found that consonants were generally shorter in two and three
element clusters than in a single /CV/ syllable. However, the shortening
effect was not a simple onesas can be seen in Table I-6 in which the obe

served durational differences are summarized in a system of rules for
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TABLE I-6
RULES FOR PREDICTING THE CHANGE IN BASIC DURATION OF A CONSONANT IN A
PRESTRESSED WORD-INITIAL CLUSTER. TOTAL PERCENTAGE CHANGE IS OBTAINED
BY ADDING THE CONTRIBUTIONS OF APPLICABLE RULES.--D.H. KLATT (1973)

RULE

General Consonantal Shortening
In two-element clusters, C, = -12% and 02 = -22%
In three-element clusters, c, = -15%, c,7= -25%
and 03 = -30%
Sonorant Lengthening if Partially Voiceless
If C is preceded by a3 volceless aspirated stop,
C = +28%

Ballistic Shortening
If C precedes a stop, C = -8%
If C precedes a voiceless stop, C = =8%

Incompressibllity of Labials
If C is a labial, C = +6%
If C is adjacent to a labial, C = -6%

Retroflexion Following Dental Stops
It /r/ follows a dental stop, /r/ = + 13%
If /r/ tollows a dental stop, dental stop = -13%

EXAMPLE

W [’
o[z

sm
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predicting the change in basic duration of a consonent in a prestressed
word-initial cluster.79

Thus prevocalic /r/ was demonstrated to be of shorter duration in
word-initial clusters than in & single /CV/ syllable. Furthermore, the
shortening effect was influenced by the voicing characteristic of the
preceding cluster member: that is, if preceded by & voliced cluster member
in a two-element cluster, the duration of /r/ was shorter than if pre-
ceded by a volceless, aspirated consonant, The shortening effect was
greatest on /r/ as a member of s three element cluster. Finally, /r/ was
of somewhat greater duration when its preceding cluster member was artic-
ulated in approximately the same place of articulation, that is when pre-
ceded by /t/ and /d/.

Haggard (1973). In the Haggard study of the effects of clustering
on segment duration, eight male speskers of Southern British English re-
corded isclated stressed monosyllables in five random ordered lists.80
Prevocalic /r/ was examined as a word-initial singleton and as & member
of two element, word-initial clusters combined with the stop consonants
/p, b, t, 4, k, g/; three element clusters were not included. Haggard's
acoustic analysis utilized oscillographic recordings from which acoustic
segment boundaries were defined by a change in excitation type or at an
abrupt shift in articulatory closure.

Haggard's results were identical with those reported by Klatt in
that clustering shortened the duration of prevocalic /r/ and that the
shortening effect was greater in the case of voiced stops + /r/ than in
the case of voiceless stops + /r/, where place was held constant. While

an analysis of variance did not show a general effect of place on the

accompanying clustered conscnant on prevocalic /r/ duration, non-parametric
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evaluation, taking only the less ambiguous voiced contexts /v, 4, &/,
showed the duration of /d/ to be longer.al

Thus, Haggard and Klatt both demonstrated the shortening effect of
clustering on prevocalic /r/ duration including the surprising finding
that abbreviation of /r/ was greater in the phonetic context of voiced
stop + /r/ than in the case of voiceless stop + /r/ for cognate cluster
types.

A Summary of Previous Acoustic Studies. The previous acoustic

studies of /r/ clearly demonstrated that its phonetic types comprise a
unique composite, which while acoustically similar, demonstrated many dif-
ferences with regard to positional variation and contextual wvariation.

Both temporal and spectral information were required to demonstrate the
full range of these differences., While no previous study examined acoustic
feature characteristics, it may be assumed that such aspects might also
differntiate among /r/ types.

A second conclusion to be taken from the review of previous liter-
ature was that the major phonetic types associated with /r/ in the General
American Dialect had not been thoroughly described acoustically. Some /r/
events had been excluded from previous studies.Some /r/ events were anal-
yzed only temporally or spectrally. Even if every /r/ type had been inves-
tigated both spectrally and temporally, the results of these different
studies were not in all cases comparable since several studies utilized
natural speech, several utilized synthetic speech, and the majority util-
ized different analysis procedures. Furthermore, co-articulatory influen-
ces have been demonstrated to have great influence on /r/ types thereby
necessitating the use of more natural stimuli; that is, stimulus words em-

bedded in natural speech contexts with phonetically controlled environments.
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If, then, as demonstrated in the first part of this chapter, /r/
does consist of a composite of phonetle types perhaps unlike any other
American congonant, and if clarification of the nature of the acocustic
features of that composite would be useful to several disciplines inter-
ested in how man produces speech sounds, further acoustic investigation of

/r/ is certainly warranted.

AN OVERVIEW OF THE CURRENT STUDY

The current investigation was deisgned to provide a comprehensive
acoustic data base describing the major phonetic types related to /r/ in
the General American Dialect: 1) prevocalic /r/, 2) intervocalic /r/,

3) stressed vocalic /r/, L) unstressed vocalic /r/, and 5) postvocalic /r/.
Stimulus words representing the following phonetic contexts /rV/, /Crv/,
jceev/, /Vrv/, /C2/, [/ 3C/, /C3C/, /C* /[, /CaC/, /V®/, and /V& C/ were
embedded in 230 natural American English sentences with surrounding phon-
etic contexts held constant. One adult male subject (General American
Dialect) produced three repetitions of each of the stimulus sentences in
random order. These tape recorded utterances served as the main data for
analysis. Three additional adult male speakers (General American Dialect),
as well as the major subject, produced twenty-five per cent of the stimulus
sentences, randomly selected as a control set. Broad and narrow-band
spectrogrames were prepared for all stimuli.

Only the data for prevocalic /r/ were analyzed for this dissertation.
Prevocalic /r/ events were segmented from the natural sentence contexts
and analyzed for fundamental and formant frequencies, segment durations,

and acoustic feature characteristics.
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It is planned to analyze the data for the remaining four /r/
types later. The resultant acoustic data base for the major phonetic
types associated with /r/ in the General American Dialect should provide
the basis for the development of numerous testable hypotheses concerning

vocal tract shape, articulatory movements,and perceptual judgements.
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FOOTNOTES -- CHAPTER I

lIt is acknowledged that the label, General American Dislect, is ex-
tremely broad and does not specifically reflect one dialect area. However,
it was for precisely this reason that it was selected as a cover term, since
it was simply meant to refer to any United States dialect which encompasses
a full range of /r/ types. The specific dimlect history for each subject
is included in Appendix F.

While American phoneticians typically transcribe prevocalic /r/ and
intervocalic /r/ as [r], it is probably more accurately transcribed as [ J ].
Furthermore, many phoneticians transcribe postvocalic /r/ as [Ve] and {VrCl;
for example, John S. Kenyon and Thomas A. Knott in A Pronouncing Dictionary
of American English (Springfield, Mass.: F. and C. Merriam Company, Pub-
lishers, 1953): Charles Kenneth Thomas in An Introduction to the Phonetics
of American English {Second Edition, New York: The Ronald Press, 19§§T?
Claude Merton Wise in Introduction to Phonetics (Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 1957)). However, in this dissertation these contexts
were transcribed as [V@® ] and (V2 C] after the transcription system adopted
by Arthur J. Bronstein in The Pronounciation of American English (New York:
Appleton-Century-Crofts, 1960).

2Peter Ladefoged, A Course in Phonetics (New York: Harcourt,
Brace, Javanovich, Inc., 1976), p. 23.

3Claude Wise, Introduction to Phonetics (Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 1958), p. 132.

hArt.hur Bronstein, The Pronunciation of American English (New York:
Appleton-Century-Crofts, Inc., 1960}, p. 116,

’Ladefoged, p. Sb.

6Ib1d, p. 207.

Tcharles Kenneth Thomas, An Introduction to the Phonetics of Amer-
ican English (Revised Edition, New York: The Ronald Press, 1958), p. 87;
Wise, p. 132; Bronstein, p. 116; and Ladefoged, p. 55.

BBronstein, pg. 116.

9La.defoged, p. 26T.

¥1p14., p. 55,

1101aude E. Kantner and Robert West, Phonetics (Revised Edition;
New York: Harper Brothers, 1960), pp. 171-175; Wise, pp. 132-133; and
Bronstein, pp. 116-118.

lzJames F. Curtis and James C. Hardy, "A FPhonetic Study of Mis-
Articulation of /r/," Journal of Speech and Hearing Research, II
(September, 1959}, p. 25h.

13

Kantner and West, p. 131.

1hKantner and West, p. 88; Bronstein, p. 176; Thomas, p. 9k;
Wise, p. 132; and Ladefoged, p. T1.
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15Ladefoged, p. T1.

léThomas, p- 96; and Bronstein, p. 177.

17Thomas, p- 93; and Kantner and West, p. 129.

laBronstein, p. 119.

19Ibid.

20prthur J. Bronstein, "Some Unresolved Phonetic-Phonemic Symbol-
ization Problems," Quarterly Journal of Speech, XLVIII (January,1961),
ppo 57-581

21E‘t:hel Levin Slipakoff, "An Approach to the Correction of the
Defective /r/," Journal of Speech and Hearing Disorders, XXXII {February,

1967), pp. Ti-Tk.

22D. Butt and D. Peterson, R-Kit for Articulation Therapy (Albu-
querque, New Mexico: Speech Systems, 1970).

23G.C. McDonald and J.M. McDonald, The Teaching of "R" by a

Programmed Method {Holidaysburg, Pennsylvania: Blair County Public
Schools, 1971).

QLR.D. Baker and B.P. Ryan, Programmed Conditioning for Articulation
(Monterey, California: Monterey lLearning Systems: 1971).

25E. Harryman and J. Kresheck, "A Structured Program for Modifying
/r/ Misarticulations," Language, Speech and Hearing Services in the

Schools. IT (January, 1971), pp. 52-5k.
26Adele Gerber, Goal: Carryover - - An Articulstion Manual and
Program (Philadelphia, Pennsylvania; Temple University Press, 1973).
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291bid., p. 250
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3lR.K. Sommers, R. Leiss and A. Gerber. Paper read by A. Gerber
at the 45th Annual ASHA Convention, Chicago, November, 1969, "A Criteria for
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32Mary Elbert and Leij)a McReynolds, "Transfer of /r/ Across Con-
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CHAPTER II
DATA COLLECTION PROCEDURES

As described in Chapter I, this study was designed to collect
adequate data from which to establish the acoustic definitions of the
Thonetic events comprising the phoneme /r/, which may be transcribed by
the phonetic symbols [r], [2] and (2] for the General American Dialect.

Tc this end, common words representative of these phonetic types
were selected, embedded in structurally similar sentences, and read by
subjects who are speakers of the General American Dialect. These sen-
tences were recorded on tape and later converted to spectrograms. The
resultant spectrograms were divided into five types for the purpose of
analysis: (1) prevocalic /r/, usually transcribed as [r]; (2) inter-
vocalic /r/, usually transcribed as [r]; (3) stressed vocalic /r/,
usually transcribed as [2]; (4) unstressed vocalic /r/, usually tran-
scribed as [2]; and (5) postvocelic /r/, which has been transcribed as
(2] in this dissertation but may also be transcribed as [r].l The
spectrograms for each /r/ type provided equivalent sets of data from
which appropriate physical measurements cculd be made, statistically
evaluated, and finally summarized as descriptive statements specifying
the acoustic parameters of each /r/ type.

The remainder of this chapter will be used to explicate the pro-
cedures of stimulus preparation, data collection and data preparation.
The design of parallel stimuli for each of the five /r/ types and the

implementation of a unified data collection and preparation procedure
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constituted a major portion of the work of this dissertation. While
spectrograph data for each of the five /r/ types were prepared, only
the spectrographic data for prevocalic /r/, Type I, were analyzed as

part of this dissertation.

Stimuli

Criteria for the Selection of
Stimulus Words

The followlng criteris were established for the selection of
stimulus words:

1) Stimulus words should be common American English words.

2) When pronounced in a General American Dialect, stimulus words
should contain [r]‘ [3],and [#) in a majority of their permissible
phonetic environments. The phonetic environments frv], [Crv],and
[CCrV] were selected for Type I, prevocalic /r/ stimulus words; the
environment [VrV] was selected for Type II, intervocalic /r/ stimulus
words; the environments [C3], [¥C] and [C3(] were selected for Type III,
stressed vocalic /r/ stimulus words; the environments [Cz] and [CaC]
were selected for Type IV, unstreased vocalic /r/ stimulus words; and
the environments [CV2] and [CV2C] were selected for Type V, post-
vocalic /r/ stimulus words.

3) The actual representations of the permissible phonetic
environments should be representative of all possible phonetic contexts.

It was not possible to meet these stringent criteria consistently,
although the stimulus words chosen provided the closest flt possible.
All stimulus words and a detailed discussion of their approximation to
the proposed criteria for stimulus words are presented in Appendix A,

including the stimulue words for prevocalic /r/, Type I, which are
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analyzed in the subsequent chapters of this dissertation.

The stimulus words were embedded within sentences in order that
they might be spoken in s manner similar to conversational speech.
It was necessary to design the sentences carefully since it is well
known that the length and linguistic structure of a sentence influ-
ences the articulation of words contained within that sentence. More-
over, the use of sentences further complicated the already difficult
tasks of spectrogram preparation and segmentation of the spectrograph-
ically displayed acoustic events.2

Criteria for the Construction of
Stimulus Sentences

The following criteria were used in constructing sentences for
the stimulus words:

1) Each sentence was exactly six syllables long. Thus they were
of uniform length and could easily be recorded within the 2.4 second
time limit of the spectrograph.

2) The stimulus word or syllable occupied the second, third,or
fourth syllable position of the sentence., This meant that no stimulus
syllable or word would be at the onset of the utterance and thereby
influenced by a prearticulatory set or at the termination of the utter-
ance where the stimulus word or syllable would be influenced by the
termination of the breath group.

3) The stimulus words-occupléd positions of comparable linguistic
prominence. In thirty-one of the 230 stimulus sentences, the stimulus
word served as either subject or primary verb of the sentence; for
example, "He may read a novel " or "The new pram is larger "

Thus, sBentences were designed so that the most probable reading

would result in a (231#) intonational contour with a falling terminal.3



53

The stimulus word was intended to occupy a high stress position, level

three. In the preceding examples, we would hope for the reading:

a) "He may[read]a novel." (2314

—

b) "Ihg_ngxfﬁ?ﬁﬁlif_iggser." (2314)

The only instruction given to subjects was to read the sentence

naturally. Therefore, the intonational pattern Just described, which
would allow for parallel production of stimulus words, was only one
possible reading for the sentences. The actual intonational contour of
each stimulus sentence was determined by listening to the subjects'tape
recorded sentences. The stress levels of prevocalic /r/ stimulus words
are presented in Appendix B.

L) The sentences were structured to aid in reliable segmentation
of the acoustic units representing the stimulus phcones in the spectro-
graphically displeyed sentences. To illustrate, prevocalic /r/ is
difficult to segment if a vowel or a semi-vowel precedes it. Segmenta-
tion becomes more accurate if prevocalic /r/ is preceded by an easily

"

identified stop. Therefore, the sentence "He did read a novel " was

considered easier to segment than the sentence "He may reed a novel ",

5) The sentences were structured to evaluate the effects of
different phonetic contexts on those stimulus words initiated by the
experimental /r/ condition. To illustrate with the same example
utilized in rule four, prevocalic /r/ as in the word read nmight be
produced differently when preceded by the more easily segmented stop
than when preceded by m vowel. For this reason, three sentence contexts
were included for words such as read: (1) "He may read a novel ";

(2) "He did read a novel ", and (3) "He does read new novels " . Thus,

in the first sentence the stimulus /r/ was preceded by s vowel; in the
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second sentence the stimulus /r/ was preceded by a consonant that
combines with /r/ to form a permissible cluster within a word; and in
the third sentence the stimulus /r/ wes preceded by a consonant that
does not combine with /r/ to form a permissible cluster within a word.
It would be too cumbersome to evaluate the construction of each sen-
tence in terms of the sentence criteria. However, the sentences may be
found in Appendix C.

Filler Sentences

A total of fifty-five filler sentences was added to the experi-
mental corpus in order to minimize the /r/ loading effect so that sub-
Jects would not in some way emphasize or distort the repeated /r/
segments. The entire 285 sentence corpus was randomized. The dummy
corpus will not be analyzed as part of the current experiment al-
though it was constructed in a parallel fashion to the /r/ corpus in
conditions where [r] would contrast with [1] , [3] with[i], and [2]
with [1]; it might well form data for & subsequent experiment. The
filler sentences may alsc be found 1n Appendix C. The total random-
ized 1list eppears as Appendix D.

Final Preparation of Stimulus Sentences

Each stimulus sentence was typewritten on a separate card and
photographically enlarged. An example of a stimulus card is included
as Figure II-1, The atimull were large encugh so that a subject seated
in an IAC booth could read each stimulus through the window when it was
exposed to him by the experimenter. Use of such large stimull allowed
subjects to keep their heads stabllized at a set distance from the
microphone since they did not have to handle their own stimulus cards

or lower their heads in order to read them, It also allowed the experi-



THEY MAY TREAT THEM BADLY.

FIGURE II-l. AN EXAMPLE OF A STIMULUS SENTENCE AS PRESENTED T0 EXPERIMENTAL SUBJECTS.

9
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menter to control the sublects' exposure to the stimuli in order to
avold the establishment of any rhythmic effect, to insert callibration

tones and to interject rest periods.

Subjects

One major subject recorded three randomized repetitions of the
entire 285 sentence corpus during the first data recording session.
Three secondary sublects, with the major subject, recorded an abbre-
viated seventy-two sentence corpus {every fourth sentence of the entire
285 sentence corpus) during the second data recording session which was
held six months after the first deta recording session., The Abbreviated
Corpus is found in Appendix E.

All subjecte were adult male Caucasians, had equivalent educa-
tional backgroundsg, and were raised in the same dialect area; that
dlalect area labelled by Thomas as the North Central Areah, by Wise

as General American5

, and by Bronstein as Northern Middle WEst.6
All three authors described speakers of this dialect region as retain-
ing all /r/ variants, whether transcribed as [r],[ 3], or [ 2 ]. A bio-

graphical description of each subject is found in Appendix F.

Data Recording Procedure

All data were recorded at the Temple University Speech Science
Laboratory. Each subject was seated in a sound-treated room (IAC
Series L40OO) with his head stabilized so that his mouth remained a con-
stant twenty-four inches from the microphone (Bruel and Kjaer Type L4131,
powered by Bruel and Kjaer power source Type 2801).

The experimenter placed the stimulus cards before the IAC booth

window. GSubjects were not asked to monitor their volume because
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natural readings were considered desirable.

The subjects' utterances were recorded on a Nagra magnetic tape
recorder {(Model IV-D)} at seven and one-half ips, with a constant gain
setting. TDK Super Dynamic Tape (SD 150H-7)} with low noise, high out-
put and low print-through charscteristics was used. A 1,000 Hz cali-
bration tone at 65dB SPL was produced by a Bruel and Kjaer oscillator
and presented via a six inch electromagnetic loudspeaker positioned at
the speaker's mouth. All data collection was monitored for optimum
recording procedures by using a Bruel and Kjaer veoltage preamplifier

(Model 2416).

Spectrogram Preparation

A broad and narrow band, expanded scale spectrogram (0-4000 Hz)
was made for each sentence.T The tape recorder used for the recording
seasions was used to playback the recorded sentences to a Kay Sonograph
(Model 6061-A). All spectrograms were made in & continuous process on
the same spectrograph by the same person. That is, the spectrograph
was not used for any other work during this time periocd; therefore, all
settings remained constant.8 A total of 1,840 spectrograms was made and

9

stored for subsequent analysis.
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FOOTNOTES-~CHAPTER II

IMany phoneticians transcribe postvocalie /r/ as {Vr] ana{VrC] ;
for example, John S, Kenyon and Thomas A. Knott in A Pronouncing Dic-
tionary of American English (Springfield, Mass.: G. and C. Merriam
Company, Publishers, 1953)}; Charles Kenneth Thomas in An Introduction
to the Phonetics of Amerlican English (Second Edition, New York: The
Ronald Press, 1958); Claude Merton Wise in Introduction to Phonetics
(Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1957). However, in this
dissertation these contexts were tra.nscribed as [V»#] and [V2>C] after
the transcription system adopted by Arthur J. Bronstein in The Pronun=-
ciation of American English (New York: Appleton-Century-Crofts, 1960).

2The easier approach would have been to utilize a standard
carrier phrase for each stimulus word, such as "Say the word
again.”. However, this approach was felt to be no closer to natural
conversational speech than use of a word list.

3Henry A. Gleason, Jr., An Introductlion to Descriptive Linguletics
(Reviged Edition; New York: Holt, Rinehart and Winston, 1965), pp. bb=50.

14Charles Kenneth Thomas, An Introduction to the FPhonetics of
American English (Second Edition; New York: The Ronald Press, 1958),

Dp. 229-231,

5Claude Merton Wise, Applied Phonetics (Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 19575, p. 181.

GArthur J. Bronstein, The Pronunciation of American English (New
York: Appleton-Century-Crofts, Inc., 1960}, pp.4o-51.

TIt was found during a pilot study that a comblnation of a wide
and narrow band, expanded scale spectrogram leads to the most consistent
segmentation and physical measurement for each of the major /r/ types.

BSonograph settings were: Frequency Linear, Frequency Scale
Normal, ACG Off, High Shaping, Expanded Scale, 600 Input, Normal
Baseline, a 7-10 Reproduce Level and a 3-U4 Mark Level,

9Though the major subject recorded five randomized lists of the
285 gentence battery, only three of those lists were converted to spec-
trograms. The two addlitional recorded 1lists were stored. Since spec-
trogram preparation, segmentation and measurement is such a time=con-
suming process, it was decided that 1f three repeated lists showed
congsistent production by the major speaker the remaining two lists
would not be processed spectrographically. This proved to be the case,
Furthermore, spectrograms were not made for the filler sentences,
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CHAPTER IIT

DATA ANALYSIS PROCEDURES FOR PREVOCALIC /r/
STIMULUS WORDS, TYPE I

The spectrographic data for prevocalic /r/ were analyzed in
order to provide a description of its acoustic parameters including:
(1) duration in time, (2) freguenay values and patterns for the
fundamental of the socurce and for the first, second, and third formantes
of the vocal tract, and (3) acoustic features as produced by the
source and transfer function of the vocal tract. The methods developed
to accomplish these analyses included procedures: (1) to segment, or
locate the relevant acoustic elgments in the spectrographically dis-
played stimuli; (2) to measure duration; (3) to determine fundamental
frequency values; (4) to determine formant frequency values; and
{5) to define the acoustic features of the source and transfer function
of the vocal tract. A detailed description of these procedures is
presented in this chapter.

In order to facilitate the presentation of the analysis procedures,
the stimulus words for prevocalic /r/, Type, I, are reviewed.

A Review of Prevocalic /r/ Data

The thirty-nine stimulus words for prevocalic /r/, transcribed
as [r] , and their preceding phonetic environment are reviewed in
Table ITI-1. The major subject recorded three repetitions of each
stimulus sentence for prevocalic /r/ during the first data collection

session; the secondary subjects, including the major subject as a test
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TABLE III-1

TYPE I STIMULI FOR PREVOCALIC /r/, TRANSCRIBED &S [r] ,

AND ITMMEDIATE PHONETIC ENVIRONMENT

/i/ /e / /u/
[rV] may read® may rat be rude
does read does rat® is rude
did read did rat had rude®*
[prv] may preen new pream may prune®
[brv] may breed may brag may brood
[trv] may treat® may trap nev troop
[drv] may dream may dragh may droop
[krv] may creak may crack new croup"
[e8rV] may greet may grab may group
[frVv] Ray freed® new frat may frug
[erv]) knew three may thrash® Marie threw
[Jrv] may shriek too shrewd Ray sharnk®
[ sprv] gay spree new sprag nev spruce
[strV] may streak® may strap Ray strewed
[ skrv]) may scream may scrap® Ray screwed

%¥Denotes tokens recorded by secondary subjec