1. A Survey of the Problem of Juuncture

Most current descriptions of English contain references to phe-
nomena designated as “‘junctural”. There appears to be general
agreement that such phcnomena exist, and are a part of the English
language. It seems, however, that while the phonetic manifestations
of juncture are described in approximately the same terms, there is
considerable lack of uniformity in the phonemic interpretation of
the observed phonetic features. The present paper represents an
attempt to investigate experimentally the phonetic manifestations
of juncture, and to reconsider the phonemic interpretation of such
features in the light of the experimental study. The investigation is
limited to a study of internal open juncture. Unless otherwise
indicated, the shorter term “‘juncture” is used to refer to such
phenomena as are commonly associated with the term “internal
open juncture’.

It was observed gquite early that there is no one-to-one corres-
pondence between grammatical words — normally written between
spaces — and the internal structure of a spoken chain of sounds.
More than fifty years ago, Swee/! considered a phonological or
phonetic word as the basic unit of speech and wished to abolish the
ordinary word-division in (phonetic) writing? Daniel Fones* com-

1 Hemy Sweet: Primer of phionetics (Oxford 1906).

2 Heary Sweet: Collected Papers of Henry Sweet (Oxford 1913). CI. especially
pages 12-14 of the paper entitled: Words, logic, and grammar, reprinted from
Transactiens ol the Philological Society, /¥75--86: 470-503.

2 Dantel Jonss: The *‘word™ as a phonetic entity. Le Mairre Phonétique, 3rd series,
36: 60-85 (1931).
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6 Lehiste. An Acoustic -

piled an impressive list of words and phrases differing in the place-
ment of what is now called internal open juncture, although he did
not use this terminology. The phonetic treatment of [eatures later
termed ‘‘junctural” continucd through the nincteen-thirtics; the
“word as a phonetic unit”’ was again considcrcd by Dietrich* and
by Brendal®. The phonemic implications were first realized by
Trubelzkoy®, whose term for the features later called junctural was
“Grenzsignale” (boundary signals), which he considers non-pho-
nemic. It may be of interest to note that Bloomfield? viewed such
pairs as @ name — an aim as different in stress, i.e. in “‘the point at
which the increase ol loudness sets in”’. He prints spaces between
the words in his phonemic transcription without accounting for
their presence.

The first [ull-scale treatment of junctural phenomena as part
of the phonemic structure of a language (in this case, English) was
published in 1941 by G. L. Trager and B. Block®. The authors
provide the following definitions: “The transition from the pausc
preceding an isolated utterance to the first segmental phoneme,
and [rom the last segmental phoncme to the following pause, we
call open juncture. By contrast, the transition from one segmental
phoneme to the next within the utterance... we call close junc-
ture.” After making some observations about the phonetic nature
of such transitions, they then state: “@pen juncture is the totality
of phonetic features which charactcrize the segmental and supra-
segmental phonemes at the beginning and at the end of an isolated
utterance.” It is further observed that the features of open juncture
may be present internally in some utterances; a distinction is made
between cxternal open juncture and internal open juncture. Ex-
ternal open junctures are represented in transcription with spaces
between symbols, internal open junctures with hyphens.

The theory was further claboratcd by the same authors in

1 G. Dietrich: Das Wert als phonetische Einheit. Le Maitre Phonétique 36: 31-33
(1932).

5 V. Brondol: Sound and phencine. Proc. Znd int, Congr. Phon. Sci., pp. 40-43
{Cambridge 1936).

S N. Trubetzkay: Anleitung zu phenelogischen Beschreibungen (Editien du Cercle
Linguistique de Prague, 1933). — Grundziige der Phenslogie, Travaux du Cerele
Linguistique dr Prague fasc. 7 (Prag 1939).

7 L. Bloowfield: Language; p. 113 (New York 1933).

8 (eorge L. Trager and Bernard Bloch: The syllabic phenemes of English. Language
{7: 223-246 (1941). The defnitions are on p. 225.
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Phonctic Study of Internal Open Juncture 7

19422, and by G. L. Trager and Henry Lee Smith, Jr., in 19511, In
the latter publication, the newly described intonation and stress
phenomena were combined with the features described as junctural
in 1941, and a system of juncture phonemes for English was es-
tablished, comprising three terminal junctures and one internal
open juncture. The phonctic characteristics of these phonemes
were described in somewhat greater detail, and the theory was
essentially codified in the form in which it appears in various later
presentations in elementary textbooks!?,

In the meantime, the problem was being considered [rom
several other aspects. The original definition of open juncture (““the
totality of phonetic features™, Trager-Bloch, 1941) had been broad
enough to cover a variety of diverse events; when it was attempted
to sharpen the definition, numerous problems seemed to arise. In
1942, Charles F. Hockett'* assigned junctural [eatures to the level of
suprasegmental phonemes!®. In 1948, Bernard Bloch questioned the
phonemic status of the so-called junctural phonemes*:

“There is nothing in our assumptions (o cover the term juncture. Indeed, we may
go so far as La say that the so-called juncture phonemes of English and German, as they
have hitherto been deseribed, are not phonemes at all in the sense of our definition:
they are nat, or at least not obvieusly, classes of segiments or spans containing a given
feature, but rather fictions created ad hoc to account for the differcnce between certain
sets of phonetically different segments.”™

Bloch does not express a value-judgement, although the sentence
just quoted might be thus interpreted, if one disapproves of “fictions
created ad hoc™ to explain certain phenomena. As a matter of fact,
Bloch refers rather approvingly to an instance where a zero allo-
phone of a pause phoneme had been used to explain certain phonetic

! Bernard Bloch and George L. Trager: Qutline of linguistic analysis, pp. 35-36 and
p. 47 (Baltimore 1942},

1 George L. Trager and Henry Lee Smith, Jr.: An outline of English structure. Studies
in Linguistics: Occasional Papers 3, p. 38 (Norman, Okla. 1951),

1 f{. A. Gleasor, Jr.: An intreduction to descriptive linguistics, Ch. 4 (New York
1953).

Charles F. Hockett: A course in modemn linguistics {New York 1958).

Archibald A. 1{ill: Introduction to linguistic structures {New York 1958).

¢ Charles F. Hockett: A systen of deseripive phonology. Language 78: 3-21 (1942),

32 It is interesting to note that in 1941, 7rager had net included junctures in his
*The theory of accentual systems”, which systematized the suprasegmental phonemes.
{George L. Trager: The theory of accentual systems. Language, Culture, and Personality:
Fssays in Memory ol Edward Sapir, pp. 131~145 [Ed. Leslic Spier, Mcnosha, Wisc.
1941].)

1% Bernard Bloch: A set of postulates for phonemic analysts. Language 24: 3-46
(1948). The quotation is from p. 41.
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8 Lehiste, An Acoustic -

data. The case in point is William G. Moulton’s analysis of German %,
The problem concerns the phonemic status of the two fricatives in
German, [x] and [}, and is relevant enough to be considered in
somewhat more detail.

The three possible alternatives in analyzing the German data
are as follows. T'irst, it is possible to set up two separate phonemes,
/x/ and /¢/, since they clearly occur in contrast in identical envi-
ronments (for example, Kucken ‘cake’ [k2u:xan], Kulichen ‘littlecow’
[ktu:¢an]). The second alternative, the one adopted by Adoutton,
is to set up a segmental phoneme of open juncture. According to
Moulton, this phoneme has two allophones: at the beginning or end
of an utterance, it appears as a pause of indeterminate duration;
within an utterance it appears as a briel pause or, in free variation,
as zero. The phoneme of juncture is present whenever a pause (of
whatever duration) occurs. In addition, its presence is assumed to
account for the occurrence of every aspirated voiceless stop, glottal
stop, and the sound [¢] following a central or back vowel or semi-
vowel. In a considerable number of such instances it is impossible
to detect any phonetic manifestation of the juncture other than the
presence of the listed sounds themselves. In such cases, Adfoulton
assumes the presence of a zero allophone of the juncture phoneme.

Moulton rejects the third possible interpretation of the German
data: consideration of the fact that the brief pause allophones
occur commonly only at syntactic boundaries, the zero allophones
primarily at morphological boundaries. Within words only the zero
allophone occurs. This is pointed out by FVerner F. Leogold'®, who
suggests that the zero allophone of open juncture actually amounts
to recognition of a boundary in word-formation. The question
becomes one of principle in two articles by Kenneth L. Pike'?: Can
and should phonemic analysis be carried on without using know-
ledge from other than phonological levels of the language in
describing its structure. Pike sees no theoretical reason why the
interpenetration of layers cannot be as much a part of structure
as the layers themselves. In Pike's view,

% [illiam G. Meulion: Juncture in modern standard German. Language 23:
212-226 (1947).

e Werner [. Leopold: German ch. Language 2¢; 179-180 (1948).

1% Kenneth L. Pike: Grammatical prerequisites to phonemic analysis. Word 3:
155-172 (1947); the following quotation is rom p, 162. — Mere on grammatical
prerequisites, Word §: 106-121 (1932).
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Phonetic Study of Internal Open Juncture 9

*In many languages certain grammatical units — such as words — have as one of
their characteristics the induction of subphonemic modification of some of the sounds.
When modiltable sounds happen to occur at the borders of such units, tbe juncture
becomes phonologically recognizable, If no modifiable sounds bappen to occur at a
grammatical boundary, the boundary is not phonctically perceptible but is ncnetheless
present and just as important in the total structure of the language. The phonemics
of alanguage, in other words, cannot be presented completely until something is known
of the grammar, just as the grammar cannot be presented completcly untilsomething is
known of the phonemics.”

This interpenetration has become one of the basic tenets of
linguistic analysis according to Prke!®.

Apart from a certain implicit admission that junctures do,
indeed, often correlate with morpheme boundaries, the approach
of Zellig §. Harris® is radically different from that of Pike. Harris
sets up a segmental phoneme of juncture for the purpose of simplify-
ing description. According to Harris, two or more parallel sets of
tentative phonemes, which cannot be cembined into one set because
they represent distinct segments in identical environments, could
thus be combined if there were a technique for altering the environ-
mcent of one of the sets so that its environment would no longer be
identical with that of the other. This alteration is effectcd by taking
the features which distinguish the two sets of tentative phonemes,
and setting them up as thc definition of a new phonemic element,
called a juncture. That juncture occurs with the set which had the
features now assigned to the juncture®®.

In such an operation, the juncture is a “zero’’ phonemc — a
phoneme having no phonetic propcrties at all, whose only function
is to function as environment for ordinary phonemes. Since the
juncture phoneme has no phonetic properties of its own, in a certain
way al! its allophones are phonetically homogeneous (i.e. have no

* Formulated most recently in Pike’s report to the 8th International Congress of
Linguists in Oslo, 19537: lnterpenctration of phonology, morpbology, and syntax,
Prac. 8th int. Congr. Ling., Oslo 1958, pp. 363371,

W Lellig . Harris: Methuds in structural linguistics, pp. 79-80 (Chicago 1951).

3 The most straighttorward equation of junctures with morpheme boundaries
appears in an article by N, Chomsky, M. Halle and F. Lukeff: On accent and juncture in
English. For Roman Fakobson, pp. 8580 (The Hague 1956). According to these authors,
junctures do not represent physical entities, but are introduced lor the purpose of
reducing the number of physical [eatures that must be considered phonemic. Junctures
appear only at morpheme boundarics; diflerent junctures correspond to different
morphological and syntactical processes. However, not every morpheme boundary is
marked by a juncture, and neither can syntactic structure be detcrmined by distributon
of junctures. Junctures are postulated only where phonctic c¢flects can be correlated
with a morpheme boundary.
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10 Lechiste, An Acoustic -

phonetic properties at all). This is one way to solve the somewhat
puzzling problem of describing the allo-junctures of juncture pho-
nemes. Anotheris that of Flockett, of 194921, Hockett admits that junc-
ture phonemes may have allo-junctures that have nothing in common
phonetically with one another. His solution is rather ingenious:

“Mathcmatically, a clas can be defined by specifying a property, so that posscssion
of that property by an object puts it in the class, lack of that property leaves it out of the
class. But another petfectly satisfactory way to define a class is by itemization. If we
insist on tying up a <lass with a property, in the casc of a class of this kind we can
regard the propurty of membership in the class enumerated as the associated property. That
is, A class can be defined in terms of a property, or vice versa. So we sce that (be fajlure
of all the allophones of some juncture phonemes to have some {articulatory or acoustic)
property in common is no logical defect. We may with perlict validity define a juncture
phoneme as consisting of all occurrences in certain spucilied contexts of certain specified
phenomena... Juncture phonemes, where recognized, do consist of allophones with a
structural property in common.™

To be sure, Hockett states in the same article that “the phonemic
structure of a language is not to be equated to any single phonc-
micization; ratherit is the ‘least common denominator’ of every pos-
sible sufficient phonemicization®. It follows that ““it is always possible
to phonemicize without junctures, though perhaps only somctimes
possible to phonemicize in a way that gives us juncture phonemes’.

Some connection between junctures and morphemes was also
sensed by FEinar Haugen, who considered juncture “morphologically
determined displacement of syllable timing”?®2. R. [1. Stetson®
looked for physiological manifestations of junctures and rejected
junctures as phonemes; W. F. Twaddell?* reinterpreted Stetson’s
data and set up a hypothesis for the transition phonemes. According
to this “Stetson-model” hypothesis, internal open juncture is related
to the occurrence of the removal of a consonant-obstruction before
or after, but not during the build-up phase of an intercostal pulse.
Stetson’s basic unit of speech is the syllable, which he defines in
articulatory terms. The syllable as a phonetic and phonemic entity
has received considerable atteantion during the last decade?;

2 Charles £. Hockett: Two fundamental problems in phoncmics. Studies in Lin-
guistics 7: 29-51 (1949}); the quotation is (rom page 36.

* Einar Haugen: Phoneme or prosodeme? Language 25: 278-282 (1949).

3 R. H. Stetson: Motor phonctics: 2nd cd. {/\snsterdan 1951).

® W. Freeman Twaddell: Stetson’s model and the “suprasegmental phonemes”.
Language 29: 415-453 (1933).

2% Kenneth L. Pike and Eunice 1. Pike: Imnmediate canstituents of Mazateco syllables.
IJAL 13- 78-91 (1947).

Einar Haugen: The syllable in linguistic description. for Roman Jakobson; pp.
213-221]. - Syllabification in Kutcnai. I[JAL 22: 196-201 (1956).
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Phonetic Study of Intermal Open Juncture Lol

perhaps the most thorough analysis of both is given in Hockett’s
Manual of Phonology in 19552, A syllable, according to Hockett,
consists of onset, peak, and coda; Hockett describes one type of
internal open juncture as a contrast between an interlude and a
coda-onset sequence, where an interlude is a structural unit which
is coda-like and onset-like at the same time, and structurally
belongs both to the syliable which contains the preceding peak and
to that which contains the fellowing peak. When two successive
syllablesin a language like English are linked by an interlude, there
is no “point of syllable division™ between them. All interludes can
be divided, in at least one way, into two successive parts, the first
of which occurs also as a coda, the second of which occurs also as
onset; yet the possibility of such a division does net mean that an
interlude can be interpreted as a coda plus onset: the fact that the
{tr/ of nitrate can be broken into cither zero and {tr{, or {t{ and /r{,
docs nothing to eliminate the contrast between that interlude and
the coda-onset sequences of night-rate and dye trade?.

In Hockett’s manual, internal open juncturc is set up as a pho-
nemc; the various phonetic manifestations of internal open juncture
are described in quite careful detail, and it is admitted that in
different environments juncture may be composed of almost
completely diverse phonetic features. However, Hockett considers
that to be an advantage rather than an embarrassment:

“Juncture phonemes achieve their power precisely because of their phonetic
hcterogencity. When we say of English that segments bounded by /-/ are in general
isulable, we are covering a large number of specific facts: a segment which begins
with crescendo voicing on a voiced stop or spirant. with clear voicing on a sonorant,
with siight glottal catch {or at least clear point of syllable division) belore a vowel,
with a voiceless stop which is well aspiratced, and so ferth, and which ends with dimi-
nuendo voicing on a voiced stop or spirant, with drawl on a stressed vowcl, and so forth,
is in general isolable. It takes longer 1o describe all the allophories of a juncture, but
once the juncture has been described it ceostitutes a powerful tool.”

80 Charles F. Hockett: A manual of phonology. Memoir No. 11 of [JAL (Baltimore
1953).
27 Hocketl’s “interlude” appears quite similar to the “compound phone” suggested
by Shire Hattori in 1950 (Shire Hattori: Phoneme, phone and compound phones. Gengo
Kenkyu 16: 92-198 [Tokya 1950]). Hatéori explains the difference between night-rate
and wrirate as a difercnce between a sequence of two separate phones [t] and [r] (in
night-rate) contrasting with a compound phone [ir] (in nifrate). which, according to
Hattori, belongs to the preceding and following syllable at the same time. Hatteri also
sels up a segmental zero phoneme to accrunt lor the diffierence between a name and
an arm. the latler containing the zero phoneme before fejm/ (Hattori’s phonemic tran-
scription),
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12 [.ehiste, An Acoustic —

This same point of view appears, essentially unmodified, in
Hockett’s recent book, A Course in Modern Linguistics (see footnote 11
above).

A completely new approach to linguistic analysis has been
developed by Kenneth L. Pike within the last five years®®. Since
juncture plays a relatively minor part within the framework of the
theory, no general review of the hierarchical, tri-modal structure
of language is being offered here. According to this more recent
theory, junctures are not phonemes themselves, as may be con-
cluded from Piké's earlier work?®, but occupy a rather different
place within his phonological hierarchy. Briefly, junctures are
identificational-contrastive features of higher-layered units in the
manifestation mode.

Except for Pike’s recent work, the junctures have been mostly
described, up to now, in terms of the modifications of segmental
phonemes befoure and after the juncture. There is one recent treat-
ment where the differences are described not in terms of allophonic
modifications, but in terms of timing. This is Archibald A. Hill’s
Introduction to Linguistic Structures (see footnote 11 above). Hill's
analysis is largely based on unpublished work by Afartin Joos®®.

According to Hill,

"“If a pair like that stuff: that's tough are repeated scveral times, the distinction begins
to be audible in terms of prolongation. In the {rst utterance, the #-sound which occurs
before s is prolonged, in the sceond it is the s-sound. Plus juncture is then like the others
in being a phenomenon of timing. The prolongation differs, however, in bring a half-

ynit only, ‘unit’ being used in the sense given above as a period of time about equal to
the lenzth of one average sound.”

¥ Kenneth L. Pike: Languagce in rclation to a unified theory of the structure of
human behavior; Parts 1 and 11 (Glendale, Calif. 1954 and 1935).

20 Kenneth L. Pike: Intonation of American English (Ann Arbor 1943). where a
pausc phoneme is postulated; in the second volume of Language in relation to a. unificd
theory of the structure of human behavior (p. 66). the phenomenen is analyeud as an
emic, but nen-cmc ending of a pause group, or as a set of contrastive cmic features of
ahdominemes.

 In fpolnote 7 to page 26 Hill refers (o work done by M. Joos and Robert P. Stogh-
well. A reference 1o Joos” unpublished work is contained also in an article by Robert
P. Stockwell, J. Donald Bowen, and /. Stlva-fuenzalida; Spanish juncture and intonation.
Language 32: 641~665 (1956). In thc meantime, a briefdirect rcference has been publish-
ed by AMartin Foos in his English language and linguistics, p. 45 (Institute for Expe-
rimental Phonetics, Beograd 1958). Discussing suprasegmental phoncmes, Foos states:
“*{4{. Transcribed in scquence with segm. phonemes, but essentially suprasegmental.
Constant phonctic feature: delay of !/,, second (}/, length of segm. phonemcs), not
separately pereeptible, but heard indirectly through allophonic effects.’
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Phonetic Study of Internal Open Juncture 13

Hil does not give any data about the actual duration of the
‘“average sound’”3!. Admitting that although /+/ can be defined
as a time phenomenon, it still has important effects on the sounds
around it, Hi/! raises the question whether the difference produced
by the juncture on the surrounding sounds is contrastive. In other
words, if /+/ is a feature of timing, and if the presence or absence
of /+/ is a contrast, then the allophonic differences in the sounds
preceding and following are redundant. Since joos’ material is not
directly available except for the above references, it is not possible
at the moment to verify the basis for this most recent theory about
juncture.

At this point, then, the following interpretations of juncture
appear to be current: a) the internal open juncture is a segmental
phoneme (Moulton, Harris); b) the juncture is a suprasegmental
phoneme {Hockett, 1942, Haugen, joos); c) juncture is a phoneme
sur generis, a ‘‘junctural” phoneme (7Trager-Bloch, Bloch-Trager,
Trager-Smith, Hockett, 1955, Hill); d) juncture is a non-phonemic
modification of sounds at grammatcal boundaries (FPike, 1947 and
1952); e} juncture is a contrastive emic feature of higher-layered
units in the manifestation mode, but not an eme in its own right
(Pike, 1955). The phonetic manifestation of juncture includes
a) the totality of phonetic features that characterize the segmental
and suprasegmental phonemes at the beginning and at the end of
an isolated utterance ( 7rager-Block, 1941); b) a pause of indeter-
minate duration, a brief pause, or, in free variation, zero (Moulton);
c) the internal open juncture has no phonetic features of its own
(Harris); d) the internal open juncture is a “morphologically de-
termuned displacement of syllable timing” (Hauger); e) the internal
open juncture is a coda-onset sequence, where coda and onset refer
to syllable margins (Hockett, 1955); f) juncture is a feature of
timing, definable in terms of prolongation of the segmental sound
preceding the juncture ( joos, Stockwell, Hill). It may be pardonable
to conclude this list with a quotation from an editorial comment
made by Foos®: “The semantics of the word ‘juncture’ is confusing
and fateful.”

3t Already in 1948, joos had suggested that discriminations between phonemes
<an be managed hy a listener at a maximum rate of 20 per steontd (Martin Joos: Aceustic
Phonetics. Language Monograph 23, p. 78 (Baltimore 1948). As appears from the
quotation in footnote 30, Foos still assumes that the average length of segmental pho-

nemcs is 1, of a second, or 5 ccntiseconds.
32 Martin Jees (cd.) : Readings in Linguistics, ». 216.
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2. Description of the Experimental Approach
used in this Study

2.1 Problem

The present investigation is an inquiry into the acoustic cucs
which signal division of the stream of speech into smaller self-
contained units. As indicated above, several previous investigators
havc sensed some connection between certain phonerically descrih-
able modifications of the speech continuum and thc boundaries of
meaningful linguistic entities, such as morphemes. One type of
internal open juncture, for example, involves contrastive distribu-
tion of a sequence of segmental phoncmcs among two or more
smaller self-contained sequences. The sequence /kipstiki/ may
rcpresent either [kip + sttkm)/ or [kips + okmy/. Some have
thought that sequences of this type may be distinguished by con-
trastive placement of a morpheme boundary. Thus it was decided
to attempt to determine the extent to which morpheme boundaries
are actually signalled by infermation present in the sound waves.
It seemed that a systematic study of internal open juncture should
makc it possible to determine whether acoustical clues to morpheme
boundaries exist, and if so, what is the charactcr of such clues.

This paper deals, then, with an acoustic-phonetic investigation
of internal open juncture in American English.

2.2 Precedure and malerials

In order to obtain a corpus of material fer analysis, a list was
first compiled, consisting of pairs of words or phrases containing
contrastive open juncture, Care was taken to include a reasonably
complete set of the pairs which have been quoted in previous works
treating the question of juncture. When this material was systema-
tized, it appeared that some types of juncture were represented by
numerous examples, whereas some other types appeared not to
have been considered. Additional pairs were constructed to fill the
gaps. lThe total inventory included 304 individual words and

phrases, grouped into 138 pairs. (The number is smaller than half

of 304, sincc in some instances, the contrastive placement of internal
open juncture involved more than two phrases.)
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Phonetic Study of Internal Open Juncture 15

These individual phrases were randomized, and sentences were
constructed incorporating the words in a context where the purpose
of the inclusion of the word would not be immediately obvious.
Only a relatively small part of the phrases were minimal pairs,
consisting of the same segmental phonemes with contrastive place-
ment of the internal open juncture. Also, not many of the phrases
betonged to the same substitution class. In only a very restricted
number of instanecs, therefore, was it possible to use a frame tech-
mque. To reduce the number of sentences, it was attempted to
include more than one test phrase in every sentence. 192 such
sentences were constructed.

The individual phrases were typed on 5 x8 index cards and
alphabetized. Each phrase was assigned a code number. The index
card for each word contains the code number, references to the
occurrence of the word in previeusresearch literature, and a record
of all spectrograms made of the word.

Two lists of sentences were prepared. In one list, all test words
were underlined and provided with their code numbers. The other
list was typed without any indication as to which of the words in
the sentence was under study. This second list was later presented
to the informants.

In addition, a separate set of 3 x5 file cards was prepared, on
which the words appeared arranged into contrastive pairs. This set
of cards was also alphabetized.

2.3 Informants

Three informants were selected; all speak a similar form of the
Midwestern type of Standard American English. Informant GEP
was born and raised in Central Illinois, approximately 120 miles
south of Chicago; informants JB and AMC were born approxima-
tely 28 miles northwest of Chicago. The only noticeable dialect
difference among the three infermants is the use of the voiceless
[hw] by informant GEP as against voiced [w] used by infermants
JB and AMC in such words as which, when, why.

One of the speakers (GEP) is a trained linguist and phonetician,
and was familiar with the problem under study; informants JB
(a mathematician) and AMC (an anthropologist and zoologist)
may be considered linguistically non-prejudiced.

Tape recordings of the corpus of materials were then prepared
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16 Lehiste, An Acoustic —

in the following order. All three speakers recorded first the total
set of 192 sentences. After the speakers had rccorded the corpus
where the test words appeared in random order presumably hidden
in the context, they were requested to read the list of words and
phrases arranged in contrasting pairs. In reading the scntences,
each speaker selected his own tempo, stress and intonation patterns.
In reading the contrastive pairs, the speakers were instructed to use
a reasonably uniform tempo and pitch pattern. The spcakers were
directly aware of the intended contrasts, but they were requested
to read the words in a manner in which they would normally
pronounce them in an isolated occurrence. While the contrasts were
then produced consciously, in general thcy were not exaggerated,
except in a {ew isolated instances. The total set of data thus consists
of six utterances of each of the 384 test words; the test word uttered
in the same context by the three speakers, and the test word uttered
as a member of a contrastive pair by each of the three speakers.

The above-described corpus was recorded on magnetie tape
in a sound-treated recording room, using a high quality microphone
and an Ampex 350 tape recorder. The tapes were thcn submitted
to a detailed spectrographic study.

2.4 The spectragraphic analysis of the date

Basically, spectrographic analysis of speech involves trans-
forming the acoustic patterns of speech into visual form. The
techniques of spectrographic analysis have becn explored and de-
veloped during the last fourtcen years. The bibliography at the
end of this paper contains a rather detailed set of references to
works dealing with the various aspects of spectrographic analysis
of spcech and language. At the present time, the following four
kinds of analyses have been found most useful.

a) The broad-band analysis. In this type of analysis, an analyz-
ing filter of a bandwidth of 300 cps is used to scan the acoustic
spectrum. The resulting spectrogram displays the formant structure
of voiced sounds, the energy concentrations of voiceless sounds, and
a time pattern of changes in the frequency dimension. The broad-
band spectrograms allow one to study the rate of change of the
phonetic quality of specech sounds, reflecting the dynamics of
articulatery movements.

b) The narrow-band analysis. In this setting of the spectro-
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graph, a narrow (143 cps) analyzing filter is used, resulting i a
display of the harmonic structure in the time-lrequency plane ol the
stream ol speech. The narrow-band spectrograms are especially
usciul in the study of pitch and intenation.

c) The amplitude sections. Using this type ol analysis, it is
possible to present the harmonic structurce ol a very briel segment.
The duration ol the segment is the reciprocal value of the filter
bandwidth, i.e. Y5y seconds when the narrow filter ts used. The
amplitude section displays the intensity ol each harmonic and thus
provides a possibility ol closer study ol the internal structure of the
furmants, whose positions in frequency may also be stuclied Irom
a broad-hand spectrogram. The broad-band spectrogram, however,
cisplays the relarive amplitucdes ouly very crudely by lighter or
darker markings.

d) The continuous ampltuce display. The model D speetro-
graph available at the Communication Scienees Laboratory ol (he
University of” Michigan possesses a speeial eircuit, by means ol which
it 1s possible to represent the overall imensity ol the speech wave as
a continuous function ol time. This display is based un the vverall
rectified wavelorm, so that amplitude variations {rom one vocal
[old cycle to another may be observed.

Broad-band spectrograms and continuous amplitude displays
were made ol the total corpus. Narrow-band spectrograms were
made ol the words in context ol informant GEP and of a restricted
sample ol the material recorded by informants JB and ANMC. Only
a few exploratory amplitude scctions were made, but it appeared
that the broad-band spectrogrins and the coutinuous amplitucde
cdisplays revealed the most significant clues {ur solving the problem
under study. The measurements taken (rom the spectrograms were
tabulated, and comparisons were made between the various oc-
currcneces of the same word, as well as the various occurrences ol its
contrastive pair. Certain regularities were observed, and it was
possible to set up a tentative hypothests ol the vacious phonetic
manilestations ol internal open juncture.

2.5 The listening expreriment

It appeared that certain phonetic dillerences were regularly
associated with certain of the contrastive pairs. In order to check
whether the obscrvable phonetic differences between two members

D Mt Suppload Vol a, 160
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18 Lehiste, An Aconstic

of a contrastive pair were actually corrclatable o an observed
difference in meaning, a listening  experiment  was  designed.
Twenty-five pairs were selected (rom the corpus, most ol which
were truc minimal pairs in the pronnneiation of the informants,
A listening tape was prepared in the following manner. From the
Lapes containing recorded paired contrasts, the selected pairs were
translerred o the listening tape. 'The order ol words wis randomly
cither retained or reversed in copying. The 25 pairs uttered by each
of the three informants were thus copied: a separate decision as to
sequence wits made in cach instance. A test [orm was then prepared
to accompany the tape on which the listeners had (o indicate which
of the two presented stimuli occurred first. In arranging the items
iuto columns on the test sheet, a random decision was again macde
as to whether each item would be ollered in the saine order as on
the listening tape, or whether the order would be reversed. [t was
considered that the influence of the order of presentation in the
identification of the members of the pair would thus be minimized.

The listening test was given Lo 40 native speitkers ol English.
Half ol the group were undergraduate students of Speech, the other
half were graduate students of Linguistics. No significant dilference
was observed in the responses ol these two groups, and the results
are therelore combined in the final presentation.

The forty listeners identified a considerable number of pairs
unanimously in the manner the speaker hiad presumably intended
o produce them, i.c., ordered the utterances in the same seqquence
as they had appeared on the cards presented to the speakers at the
time the recordings were made. I general, in more than two thirds
of the cuses the judgement was either unanimeus or nearly so (see
tables T and I1). It appeared reasonable to conclude that the pho-
ncetic cues identifiable in those ntterances had actually contributed
to the identification of the words and phrases as onc ol the members
of a contrastive pair.

The description of some of the phonetic manifestations ol in-
ternal open juncture, presented in the (ollowing chupter, is bascd
on the observations made in connection with the spectrogriphic
analysis. The evaluation of the relative contribution of the various
phenomena o the identification of internal open juncture is hased
on the results of the listening test.
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Phonetic Study of trwrnal Open Junetues 19

Table T
Resuhs of the Listering 1'est

The values indicate the vumber of listeners rom a group of 300 who identified
the given pair correctly,

Paie Clorrectidestilication fie caci speaker

GED AL AMC

. anice man  an iceman 40 40 10
2, Leef-vater — bee-feeder 33 36 30
3. e quict — Beek $Wvatt 40 10 10
4. Kay 1oe — Cato 10 39 40
5. Iree Danny - Ireed Annic 10 +0 20
. get a hoard  get ahoard 10 38 37
7. grade A - gray (ay 10 H) 25
8. Hy ate us - hiats 10 40 39
9. wholly - holy % 23 (B
10. honwe-a re — hoe-nraker 10 36 11
11. T sere-un - icecream 40 3 0
12, itsp ays - it's praise 39 B 39
13, it swings - its wings 40 38 40
14, keeps ticking — koep sticking 40 10 39
13. nude eel = New Deal H) 39 40
16. night-ratc 33 39 39
nitrate 37 37 39
Ny¢ trait 1 38 39

17. plump eye — plum pie 40 H H)
18, see lying — acal vyeing 40 W 39
19. sec the meat —see them ean 26 H) <H)
20, seige 0oz - sve zoos 24 39 38
21. scean able — sne Mabel 40 40 37
22, 1he sun’s rays meet — the sons raise mceat 14 21 20
23, wlips — two lips 40 39 39
2. twentyssix ones  twenty sick swans 40 10 40
25. white shues — why choese 10 94 10

Table I

Nuinher of Correct Identifications for the Total Sec ol 31 Words

The number in cach cell indicates how many words out of 31 were idemified
correctly by the number of listeners indicated by the number above each column.

Speaker 1) 39 38 37 36 35 34 33 30 27 26 24 25 21 20 14 12 11 W
CEP 33 2 2 LS T 9 2
JB A1 05 1 42 %49

2y 2 22 dy 2o

AMC 2013
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3. Results of the Listening Test

A0 The listening test

The results of the listening test will now be discussed in more
detail. Six sets ol readings will be presented. First are the values
nicasured [rom the words as they occurred in the contrastive pairs
uttered by the three speakers; these are the words which occurred
in the listening test. Second are the values measured lrom the words
occurring in context. IFrom oow on, the contrastive pairs uttered
by the three speakers will be called Set One and the words occurring
in context will be called Set T'wo, All three speakers pronounced
the words in the same context, and therelore the scts are comparable
from speaker to speaker. However, the two meutbers ol each pair
did not occurin the sinne context, and therclure the readings taken
lrom spectrograms made ol the words in eontext are not directly
comparable within each pair. For that reason, detailed information
about the values that accurred when the words appeared in context
will be presented only for those words that correspond o the eleven
representative pairs from the listening test which arc reproduced
on figures 1 L1 Similar inlormation is available for all items
inctuded in the study. The deseriptive statements regardiug the
character of pre- and post-jusictural allophones made in the next
chapter are based on this information in addition to the material
presented below.

5.2 @ nice man —~ an iceman

Figure 1 represents the pair « niee wman — an iceman. Tigure |1
contains broad-hand speetrograms and continuous amplitude dis-
plavs of the two phrases in both sets uttered by JB. (Speetrograms
for GEP and AMC are not reproduced.)

The members of the pair were correctly identificd by all 40
listeners for all three informants. In Set One, the duration of [n|
in « nice man was 8 centiseconds for GLEP, 7 cs lor JB, 9 ¢s lfor AMC;
in an ceman the durations were 4 cs for GEP, 5 cs [or JB, 4 vs lor
AMCL In Set T'wo, the duraton ol [n] in a nice man was 6 ¢s for
GEP, 8 cs for JB, 9 cs for AMC; the correspanding durations in
an iceman were 3 os for GEP, 4 cs for [ B, and 4 cs fenr AMC. There
was a consistent differetice in duration, the initial [n] being ap-
proximately twice as long as the final [n].
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AN (CEMAN

Fig. 1. Broad-band specirograms and coutmuous amplitude displays of « wice man
an iceman, spoken by indlormant | B.

In addition, a difference was observed in the starting frequency
of the second [ormant of the following vowel (the [&] ol the words
nice and ice). In the word nice, the second formant of [«] started at
1400 cps (GEP, Set One), 1800 cps {JB), 1800 cps (AMC), and at
1400 cps (GEP, Set Two), 1700 cps (JB), 1700 cps (AMC); in
an iceman, the second lormant started at 1300 cps (GEP, Set One),
1500 cps (JB), 1500 cps (ANIC), and 1200 cps (GEP, Set Two),
1400 cps (JB), and 1400 cps (AMC). Laryngealization of the vowel
in an iceman occurred once in Set One (JB) and twice in Set Two
(JB and AMC); the laryngealized part ol the vowel was from 3 to 6
cs long and consisted ol irregular vocal [old flaps. A laryngealized
onget ol this type is heard as a glottal step. Only in very rarc

instances was a real glottal stop (produced by complete closure ol

the glottis) observed in post-junctural position.

In a nice man, the intensity was rising on [n] in {our instances
(Set One, GEP and JB; Set Two, GLEP and JB), level in two
instances (Scts One and Two, AMC); in an iceman, the intensity
was falling on [n] in four instances {Set One, JB; Set Two, GEP,
JB, AMC), level in two instances (Set One, GEP and AMC).

In summary, the distinction between the two members of the
pair seems to have been eclfected primarily by the durational
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ditference ol the initial and final allophones of the /n/, which
occurred in all instances without exception. The difference in second
formant onset was present also without exception. Rising intensity
on the initial {n] occured in 4 cuses out of 6, [2lling intensity on the
final [n] in the same number of cases. The glottal stop (i.c. laryn-
gealized onset) was present in half of the occurrences of an iceman;
perhaps significantly, two of the cases occurred in context in Set
Two, and anly one out of three contrastive pairs was ditferentiated
by means of the glottal stop.

3.3 grade A — gray day

Figure 2 represents the pair grade 4 — gray day. I'igure 2 contains
broad-band spectrograms and continuous amplitude displays of
the two phrases i both sets uttered by AMC. (Spectrograms [or
GEP and JB arc not reproduced.)

The members of the pair were correctly identified by 40 lis-
teners for informants GEP and JB, and by 35 listeners out of 40
for speaker AMC. The segmental durations were as follows. In
grade -1, the duration of the sequence [rer] was 1 4¢s (GEP, Set One},
24 ¢s (JB), 32 ¢s (AMC), and 18 ¢s (GEP, Set T'wo), 21 ¢s {JB),

MAL_
. 24 " | et

Rl D

o« Ak
Ll S e

GRAOE A

el | e f

h.-u-n..

A e T —

GRAY DAY

Fig. 2. Broad-band specirograms and continuous amplitude displays of grade .1 — gray day,
spoken by informant AMC.
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22 ¢s (AMC). The duration of the sequence [rei] in gray day was
28 cs (GEP, Sct One), 24 cs (JB), 32 cs (AMC), and 24 cs (GEP,
Sct Two), 26 cs (JB), 32 cs (AMC). In the contrastive Set Two ol
the inforiants ( JB and AMC) made no durational contrast between
the two members ol the pair.

The duration ol |d] in grade 4 was 6 ¢s (GEP, Set One), 5 cs
{(JB), 3 cs (AMC), and 4 cs (GEP, Set Twa), 3 ¢s {JB), 2 cs (ANC);
the duration of [d] in gray day was 6 cs (GEP, Set One), 7 ¢s (JB),
6 s (AMC), and 6 ¢cs (GEP. Sct Two). 9 cs (JB), 8 cs {AMC).
The |d] was [ollowed by a glottal stop in grade 21 in two instances,
both ol which accurred in Set One, where presumably a conscious
contrast was produced. GEP had a full glottal stop lasting 14 cs;
JBhad a 10 cs period of laryngealization. AMC had no glottal stop;
i, as might be assumed, the unanimous identification of the con-
trastive pairs o GEP and JB was based on the presence of the glottal
stop, then the 35/40 correct identification of the pair uttered by
AMC was probably based on the durational difference in the con-
sonant | d] (3 cs in grade A. 6 cs in gray day), since the duration ol the
scquence [re1] was identical in both instances,

Normally, increase in intensity suggests presence of an initial
allophone, decrease in intensity signals the possible presence of a
linal allophone. It is probably worth pointing out that this iutcusity
cue appears to be inoperative in the case of voiced stops, which start
with a greater amount of iutensity and experience a gradual decay
immediately before the release in both initial and final position.
An additional teature may be the distribution of intensity over the
sequence [ret|: it appcared that the word grade had fairly high
intensity lor the whole duration of the vowel, dropping abruptly
helore the onsct of the consonant, whereas in the sequence gray day
the intensity drop seemed to take place over a relatively longer
period of tme. This contrast occurred consistently in the speech
ol both GEP and JB. This may be a concomitant feature: it did
not occur in the speech of ANC, and the lack of this character-
istic intensity distribution may have been another reason for the
smaller identification score which the listeners achieved with in-
lormant ANIC.

3.4 home-acre — fine-maker

Figure 3 represents the puir home-acre - hoe-maker, as uttered
by informant JB. Broad-band spectrograms and continuous ampli-
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MOE- MAKER

fig. 3. Broad-band spectrograms and cominaeus amplitnde displays of home-acre — foe-
maker, spoken by infertam JB.

tude cisplays for beth sets of utterances are presented. (Spectro-
grams for GEP and ANMC are not reprecuced.)

The identification of the members of the contrastive pair was
correct in all 4@ cases for GEP, n 36 cases out of 40 [or JB, and only
11 times out of 40 for AMC {in other werds, the judgement was
reverscd m the great majority of mstances — 29 out of 40). In
home-acre, the duration ol [ou] was 14 ¢s (GEP, Set One), 11 c¢s (JB),
18 cs {AMCQ), and 10 cs (GEP, Set T'we), 14 cs (JB), 13 ¢s (AMC);
m foe-maker, the duratien of [ou] was 17 c¢s (GEP, Set One), 17 cs
(JB), 14 cs (AMC), and 14 ¢cs (GEP, Set Two), 17 ¢s (JB), and
16 cs (AMC). The duration of jou] was shorter in the contrastive
pairs in home-acre than in hee-maker for GEP and JB in both sets,
whereas the durational cue was reversed for AMC in the con-
trastive pair.

The duratien of [m] in home-acre was 8 cs (GEP, Set One),
7cs (JB), 6 ¢cs (AMC), and 8 cs (GEP, Set Twa), 5 cs (JB), and 6 cs
(AMC). In hoe-maker, the duration of [m] was 11 ¢s (GEP, Set
One), 7 cs (JB), 8 cs (AMC), and 9 cs (GEP, Set T'wo), 8 cs (JB),
and 6 cs (ANMC). The initial [m] was shghtly lenger than the final
one in 4 out of 6 instances.

The intensity pattern on [m] was rising on hoe-maker in all
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instances for all three speakers; in hvme-acre, the intensity was [alling
in the utterances by speakers GEP and JB, but cither level or
slightly rising in the two utterances by AMC.

Laryngealization ol the vowel in home-acre occurred in both sets
of GEP and JB, where the duration of the laryngealization was
quitc considerable. As appears in figure 3, the [e1] ol informant |B
consisted of a 10 centiseconds long period of laryngealization,
lolfowed by a 5 cs long period of relatively even phonation. The
other occurrences had ratios of laryngealized to non-laryngealized
vowel of 10/13 {GEP, Set Onc), 8/10 (GEP, Set Two), and 8/10
(JB, Set Two). AMC used no glottai stop in either set. It appears
that the reversed durational cue ol the vowel in the first word of
the contrastive phrases, the lack of the glotial stop in lome-acre,
combined with the slightly rising intensity on [m], were sullicient
to cause the majority ol listencrs to reverse their judgement.

3.5 it sprays — it's praise

Figure 4 rcpresents the contrastive pair i sprays — it’s pratse
uttered by all thrce informants in Set One. Broad-band spectro-
grams ol the six utterances are displaved.

The pairs werc correctly identified by 40 out ol 40 listeners lor
JB, and by 39 out of 40 listeners [or GEP and AMC.

The segmental durations for the two phrases arc as follows.
In @ sprays, the duratton ol [t] was 8 ¢s {(GEP, Set One), 8 c3 (JB),
10 ¢cs (AMC), and 4 cs (GEP, Set Two), 6 cs (JB), 5 cs (AMQC);
in il'y praise, the [t] lasted for 10 cs (GEP, Set One), 14 ¢s (JB),

E 1 e

\ttan}
\ L
- B ¢ Jim ! [T B
! i ¥ m
v Mi ;(lﬂ'“ﬁ {
n
IT SPRAYS IT'S PRAISE

Fig. 4. road-band spectrograms of i/t sprays - it's praise, spoken by mlormants GEP,
JB, and AM(.

e
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7 ¢s (AMG), and 4 cs (GEP, Sct T'wo), +es (| B), and 6 es (AMC).
Perhaps the only regularity in the duration of [t] is that it appears
to be longer when the two phrases arc pronounced in isokition
than when the phrases appear in context. No significance could be
attached to any durational leature of the [t].

The duration of [s] in i spraps was 12 es (GEP, Set One),
9es (JB), 9es (AMC), and 7 s (GEP, Set Two}, 5 cs (JB), and 5 s
(AMQ). In it’s praise, |s] lasted 4 cs (GEP, Set One), 6 s (JB,)
+ o5 (AMC), and 4 cx (GLEP, Set Two), 4 ¢ {JB), and 4 s (AMC;).
Here the [s] was regularly alimost twice as long initally as the [s]
that occurred in prejunctural position,

The duration of [p] in it sprays was 12 ¢s (GEP. Sct One),
8 cs (JB), 10 cs (AMC), and 8 ¢s (GEP. Set 'I'wo), 8 cs (JB), 8 cs
(AMC); in it's praise, [p] lasted 11+ cs (GEP, Set One), 11 s (JB),
10 os (AMC), and 10 cs (GEP, Set Two), 8 e (JB), and 11 ¢
(AMQ). |p] appears to be significantly longer in i's praise than in
it sprays, where /pf has a medial allophone.

The duration and type of the relcasc of [p] appears to be the
most significant chue. While [p] is foliowed by a period ol aspiration
in praise, which takes the form ol a veiccless [r], there is no such
aspiration present in sprays, where a voiced [r] follows immediately
after the briel period of frication associated with the release of an
unaspirated plosive. ‘T'he duration of the aspiration (voiceless [r])
was 6 cs (GEP, Set One), 8 cs (JB), 4 s (AMC), and 4 e (GLP,
Set ‘T'wo), 3 ¢s (JB), 4+ cs (AMOQC); the releases in it sprays were less
than two centiseconds in 2l cases, amounting to no more than a
weitkening ol the intensity ol the first oie or two vocal lold flaps,

The longer duration ol the inital [s], combined with the
voiced onset of [r] (lack of aspiration) appcars to have been the
sufticient clue for the high degree of identification.

3.6 keep sticking — keeps licking

Figurce 3 represents the uttcrances keep sticking — keeps ticking
spoken by imformants GEP and AMC. Broad-band spectrograms
of Sets One and Two are presented. (Spectrograms for JB are not
reprodaced.)

T'he sets were identified with eomplete agreement (10 ont ol 40)
for GEP and JBj; 39 out of 40 listeners identified the contrastive
pairs uttered by AMC correetly.
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A = keep sticking
B = keeps ticking

Fig. 5. Broadband spectrograms of keep sticking ~ keeps ticking, spokeus by informants
GLP and AMC.

The duration of [s] in kegp sticking was 10 ¢s {GEP, Sct One),
10 cs (JB), 12 cs (AMC), and 12 cs (GEP, Sct Two), 6 cs (JB),
8 ¢s (AMQ); in keeps ticking, the duration of [s] was 12 ¢s {(GEP,
Set One), 5 cs (JB), 5 cs (AMC), and 8 cs (GEP, Set Two), 5 cs
(JB), and 5 cs (AMC). [t appears thatin all cases except onc (GEP,
Sct One) the duration of the initial {s] was considerably greater
than that of the final [s].

The duration of [t] in keep sticking was 8 cs (GLEP, Set One),
6 cs (JB). 6 cs (AMC), and 4 cs (GEP, Sct Two), 8 cs (JB), 6 cs
(ANC); in keeps ticking, the duration of [t] was 10 cs (GED, Set
One), 9 cs (JB), 6 cs (AMNC), and 10 cs (GEP, Sect Two), 7 cs {JB),
and 6 cs (AMC). It appears that the initial [t] is longer than the
medial [t] in 3 instances, shorter than medial [t] in | instance, and
has the same length in 2 instances (all utterances by ANIC). There
is perhaps a slight informational value to the longer duration of
the initial [t].

The most significant {actor appears the aspiration zersus lack
ol aspiration of the [t] in thc two contrastive pairs. Initial {t] is
followed by a period of aspiration, whose duration is 6 cs (GEP,
Set One), 5 cs (JB), 5 cs (AMC), and 6 cs (GEP, Set Two), 4 cs
(JB), and 6 cs (AMOQC); in keep sticking, where [(] is unaspirated, the
releases are uniformly below 2 cs long.
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The aspiration cue was present in all utterances, and therefore
should probably be considered the primary cue. The duration of the
initial allophones of /s/ and [t/ is probably a secondary cuc. The
identification was uniformly high regardless of the presence or
absence of the sccondary cues.

3.7 night-rate — nitrate — Nye trait

Figure 6 represents the three words and phrases uttered by
informant GEP. Broad-band spectrograms and continuous ampli-
tude cisplays of Sets One and T'wo are displayed. (Spectrograms
for JB and AMC are not presented.)

The listeners 1dentificd right-rate correctly in 37 instances out
of 4} for GEP; the confusion in three instances was with nulrafe,

A
XY

NIGHT-RATE

NITRATE

HYE TRAIT

Fip. 6. Broad-band specirograms and coutinuous amplitude displays of aight-rate —
nitrate — Nye irail. spoken by informant GEP.
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which was also identificd by 37 listeners, whercas Nye frail was
identificd corrcctly by all 10 listeners. In the case of speaker JB,
night-rate was correctly identified 39 times, nttrate 37 times, and Nye
trail 38 tmes. For speaker AMC, the identification of all three
items was correct 39 times out ol 40.

The durations of the segmenta! sounds were as lollows. In
night-rate, [a1] had the values of 18 cs (GEP, Sct Onc). 18 cs (JB),
16 cs (AMQ), and 18 es (GEP, Sct 'T'wo), 20 cs (JB), and 13 cs
(AMC). The duration of [t] was 6 c¢s (GEP, Sct Onc). 6 cs (|JB),
5 es (AMC), and 3 es (GEP, Sct'TI'wo), 6 ¢s (JB), and 7 cs (ANIC).
The relcase following [t] lasted 4 s (GEP, Sct One), 6 s {JB),
5 cs (AMCQ), and 3 cs (GEP, Set T'wo), 2 ¢s {JB), and 2 e (AMC).
In the case of informant } B, the briel fricative release was {ollowed
by a glottal stop lasting 3 cs. The sequence [ret] started (ully voiced
in cach casc, regardless ol the duration of the release ol |t]; the
scquence lasted 30 es (GEP, Set One), 29 cs (JB), 29 es (ANIC),
and 20 s (GEP, Set Two), 19 ¢es (JB), and 13 ¢s (ANMC).

In mitrate, | @] hact the duration 17 ¢s (GEP, Sct One), 16 cs
(JB). 14 es (AMOC), and 16 es (GEP, Set 'I'wo), 14 ¢s ()B), and 13 s
(AMC). The |t] lasted 7 cs (GEP, Set Onc), 7 ¢s (JB), 6 cs (AMC),
and 8 cs (GEP, Sct Two), 8 ¢s {JB), and 6 cs (AMC). The [t] was
Tollowed by a period of aspiration in the form of a voiceless [r] in
all instances. The aspiration lasted 9 es (GEP, Sct One), 6 cs (JB).
6 s (AMC), and 6 o5 (GEP, Sct 'T'wo), 6 ¢s (JB), and 6 cs (AMC).
Since most ol the duration of [r] is voiccless, the scquence [rer]
becomes comparable with the corresponding scquence in night-rate
only when the duration of the voiecless [r] is added to the duration
ol the |c1]. The duration of the sequence |ret] was 9+25 cs (GEP,
Set One), 9 22 ¢s (JB), 6 +17 cs (AMC), anc I6 <16 s (GEP,
Sct T'wo), 6-+10 cs (JB), and 6 +14 o5 (AMC).

In Xye trait, [m] lasted 28 ¢s (GEP, Sct One), 29 cs (JB), 34 cs
(AMC), and 22 ¢s (GEP, Sct Two), 28 cs ( JB), and 26 es (AMC).
The duration of |t} was 10 cs (GEDP, Set One), 7 ¢s (JB), 6 cs (AMC),
and 7 es (GEP, Sct Twa), 5 es (JB), and 6 cs (AMC). The [t] was
tollowed by a period of aspiration (voiccless [r]), lasting 11 cs
(GLP, Sct Ouc), 8 es (JB), 8 cs ANC), and 8 cs (GEP, Set T'wo),
1l es (JB), and 8 es (AMC). The duration of the scquence [ren|
was 11 25 ¢s (GEP, Sct Onc), 8 +26 cs (JB), 8 +23 cs (AMC),
and 8 ~20 ¢s (GEP, Sct Two), 11 +18cs (JB), and 8 -+ 13 ¢s (AMC).

It appears that the differences between the three items can be
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assochtted with four actors. One is the duration ol the [ t]: initial [t]
in {raat appears rather consistently somewhat longer than the final
[t] in might. Tluas is perhaps a rather iusignificant diflerence. The
aspiration cue appeirs to be the primary factor separating nighi-rate
[rom the two other items: [r] is voiced in wighi-rate, whercas the
aspiration of [t] in wtrate and A've (rait devoices the [r] in these two
words almost completely, "T'he third factor, the one separating Nye
trail from both wight-rute and nitrate, is the duration ol the [at]. In
both the latter phrases, [ai] is considerably shorter than in Nye frail.
This is accompanicd hy a characteristic distribution ol the cnergy
over the [at]: in the case of Nye, {ar] has the relatively {ast risc and
slow decay in energy associtated with a word ending in a vowel or
diphthong — in other words, the encrgy pattern assoctiated with a
final allophone, whereas in night and in nitrate, the energy pattern
on [a1] is that of a medial atlophone ol a vowel and diphthong.

Thus it appears that 1t wighi-rate the juncture is preceded by
a final allophone of t/, lollowed by an initial allophone ol rf;
in Nye frail, the juncture is preceded by a final allophone of the
diphthong Jat/, and followed by an initial allophone of /t/. In
nitrate a non-final allophone of fatf is followed by what phonetically
is essentially an initial allophone of jt/. The implications that arise
(rom this fact will be weated in the lollowing chapter.

3.8 plum pie — plump eye

Figurce 7 represents the two phrases plem pie and plump eye
uttered by informant AMC. Broad-band spectrograms and cont-
nuous amplitude displays ol both sets are presented. (Spectrograms
[or GEP and JB arc not reproduced.)

‘The utterances were identificd with complete accuracy (40
listeners out of 40) for all three spcakers.

The significant durational differences were as lollows. In plum
pie, the duration of [m| was 13 cs (GEP, Sct One), 9 cs (JB), 19 cs
(AMC), and 12 ¢s (GEP, Set Two). 11 es (JB), and 1l es (AMC).
The duration of [p] was 4 cs (GEP, Set One), 5 ¢s (JB), 6 cs (AMC),
and 4 cs (GIEP, Set 'T'wo), 4 ¢cs {JB), 4 cs (AMC). The [p] was
lullowed by a period ol aspiration, which lasted 8 cs (GEP, Sct
One), 4+ ¢s (JB), 1 es (AMCQ), and 4 cs (GEP, Sct Two), 6 cs (]1B),
and 4 cs (AMC).

In plump eve, [m|] had the duration of 4 cs (GEP, Set One),
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PLUMP EYE

Fig. 7. Broad-band spectrograms and continuous amplitude displays of plum pie - plump
eye, spoken by informant AMC.

4 ¢s (JB), 6 e¢s (AMCQC), and 4 ¢s (GEP, Set Two), 4 ¢s (JB), 4 cs
(AMQ). [p] lasted 7 cs (GEP, Set One), 4 cs (JB), 6 cs (AMCQ),
and 4 ¢s (GEP, Set Two), 4 ¢s (JB), and 4 ¢s (AMC).

The [p] was followed by cither a complete glottal stop or by
laryngealization of the [ollowing vowel in 4 cases out of 6. GEP had
a full glottal stop, lasting 8 c¢s, in Set One, and a 2 cs glottal stop in
Set Two. JB had a 9 cs long laryngealization period in Set One,
a glottal stop of 4 cs followed by a 6 cs long period of laryngealiza-
tion in Set T'wo. However, AMC had neither a glottal stop nor a
laryngealized vowel onset in cither set; the release of the [p] was
shorter than 2 ¢s in both cases. In the case of the utterances of
AMC, it appears then that the glottal stop was no lactor in the
1009, correct identification achieved by the listeners.

The most significant clue appears to be the durational differ-
ence of [m], which is quite prominent in the illustrated set, and
the presence versus absence of aspiration of [p].

3.9 see lying — seal eyeing

Figurce 8 represents the pair see lyimg — seal eyeing. Figure 8 con-
tains broad-band spectrograms and continuous amplitude displays
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SEE LYING

SEAL EYEING

Fig. 8. Broad-band spectrograms and continuous amplitude displays of see fying ~ seul
eyeing. spoken by informant AMC.

ol the twe phrases in beth sets uttered by ANC. (Spectrograms
tor GEP and JB are net presented.)

T'he members of the pair were cerrectly identified by 40 lis-
teners {or the utterances of GEP and JB, and by 39 eut el 40 listencrs
for AMC.

The segmental duratiens were as fellews. In see {ying, [i] lasted
14 cs (GEP, Set One), 12 ¢s (JB), 25 cs (ANC), and [2 cs (GEP,
Set Twe), 10 cs {(JB), and 12 cs (AMC). The duratien of [t] was
8 ¢s (GEP, Set One), 8 cs (JB), 8 cs (AMC), and 6 cs (GEP, Set
Twe), 8 ¢s (IB), and 8 es (AMC).

The cerrespending duratiens for sea/ epeing were as lollews.
[i] lasted 14 cs (GEP, Set One), 12 cs {JB), 20 cs (AMC), and 14 cs
(GEP, Set Twe), 1+ cs (JB), and 18 cs (AMC). It was rather diffi-
cult te ascertain the exact beundary between [i] and the final [1];
perhaps the mest signiticant clue [or this segmentatien is previded
by the intensity pattern, where [l] censistently has mere encrgy
than [i]: the formant transitien signifying the articulatery change
frem an [i]-positien te the pesitien of the vclarized allephenc ef
{1 is accempanied by a rather abrupt rise in intensity. The duratien
ol the [l], then, was 14 cs (GEP, Set One), 16 cs (JB), 14 cs (AMC}),
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and 12 ¢s (GEP, Set Two), 14 es  ]B), and 12 es (AMC). The |1]

was {ollowed by a period ol laryngealization in all occurrences ol

the phrase in Sct One, but in only onc instance in Sct Two. The
duration of the laryngealization was 8 es (GEP, Set One), 10 cs
(JB), 10 es {(AMC), and 10 ¢s (JB, Set Two); in Set Two, GEP
and AMC had no glottal stop or laryngealization.

Additional dillerences were observed in the lormant structure
of the [1] and in the intensity patterns. ln see {ying, the first lormant

ol |1] was consistently lower than in seal eyeing: T'; had values ol

100 cps (GEP, Set Onc), 350 cps (JB), 400 cps (AMC), and
400 cps (GLP, Sct Twe), 400 cps (JB), and 400 cps (AMC) in
the first phrase, whereas in the sccond phrase, I, was located at
50t cps (GEP, Sct One), 500 cps (] B}, 400 ¢ps (AMC), aud 500 cps
(GEP, Sct Two), 550 cps (JB), and 500 cps (AMC). In both
phrases, the second tormant ol'|1] started close to the second lormant
position of [i], but in see [ying, the second formant ol [1] became
stationary at approximately 1200 cps, whereas in seal eyeing, the
second formant descended to approximately 800 cps. The cexact
values were as follows. In see lying, I, of [1] moved lrom 1400 cps to
1200 cps (GLP, Set Onc), 1600 to 1200 cps (JB), 1600 to 1300 cps
(AMC), and 1400 to 1200 cps (GEP, Set Twe), 1400 to 1100 cps
(JB), 1400 te 1300 cps (AMC). In seal eyeing, F, of |1] moved [rom
1400 cps to 800 cps (GEP, Set One), 1800 cps to 900 cps (JB),
1200 to 800 eps (AMC), and 1200 to 800 cps (GEP, Set Two),
1250 to 900 eps (JB), and 1100 to 1000 cps (AMC).

The intensity on [1] was clearly rising for the initial {1] allo-
phone in all instances, and [alling on the final [1] in all instances.

Although the final allophone of [} thus appears longer than
the initial allephene, the other phonetic characteristics ol the two
allophones are prominent cnough to causc a remarkably high rate
of correct identification.

3.70 see Mabel — seem able

Broad-band spectrograms und continuous amplitude displays
ol the pair sez Mabel — seem able [or both sets uttered by informant JB
are presented in ligure 9. (Spectrograms lor GEP and ANMC are not
reproduced.)

The pairs were identified correctly by all 40 listeners for GEP
and JB, and by 37 out ol 10 listeners [or AMC.

b Mhameties, Suppl ad Vil 5, 1960
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SEE MABEL

SEEM ABLE

Fig. 9. Broad-band spectrograms and continuous amplitude displays ol sec Afabel —
seem able. sPoken by mformant [B.

The segmental duratiens were as [ollews. In see Mabel, [t] had
values of 13 cs (GEP, Set One), 13 cs {JB), 16 cs (AMC), and 9 cs
(GEP, Set 'I'we), 8 cs (JB), and 14 ¢s (AMC). [m] lasted for 11 cs
(GEP, Set One), 9 cs (JB), 8 cs (AMC), and 9 cs (GEP, Set Twe),
8 cs (JB), and 10 cs (AMC).

[n seem able, the duratien of [i] was 12 ¢s (GEP, Set One),
14 cs (JB), 20 cs (AMC), and 10 ¢cs (GEP, Sct Twe), 9 ¢cs (JB), and
9 cs (AMC). The duratien of [m] was 8 ¢s (GEP, Set Onc), 7 cs
(JB), 9 cs (AMC), and 5 cs (GEP, Set Twe), 6 cs (JB), and 5 cs
(AMC). While there appears te be ne significant difference be-
tween the twe sets in the duratien ef [i], the initial [m] allephenc
is censistently lenger than the final [m] aliephenc.

The final [m] is follewed by a peried ef laryngealization in
four instances out of 6. The laryngealization eccurred in all three
utterances in Sct Ong, having the values of 8 cs (GEP), 10 cs (JB),
and 18 cs (AMC); in Set 'T'we enly informant JB had a 5 cs peried
of laryngealizatien.




AMC

AMC
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The intensity on [m] in see Aabel, Set @ne, was rising for GEP,
level for ) B, slightly rising for ANIC. In Set Two, the intensity on
[m] was level for all three informants. In seem able, the intensity
was {alling in all six utterances of the three informants.

The main clue lor differcntiating between the two members of
this pair appears to be the difference in duration between the initial
and final allophones of the ;m/. Additional clues are the presence ol
laryngealization in the majority of occurrences ol seem able, and the
falling intensity regularly associated with the final [m] allophone.

31T two lips — tulips

Figure 10 represents broad-band spectrograms and continuous
amplitude displays of the pair two lips ~ tulips, utterved by speaker
AMC. Both the set of contrastive pairs and the set ol utterances in
context arc presented. (Spectrograms for GEP and B are not
reprocuced.)

All 40 listeners identified correctly the contrastive pair uttered
by GEP; the utterances ol JB and AMC were correctly identified
by 39 listeners out ol 40.

TWG LIPS

e —

TULIPS

Fig. 1). Bread-band spcctrograms and continuous amplitude displays of two fifis — tdips.
spoken by informant AMC,
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The segmental durations were as lollows. In fatw lips, the Ju]
lasted 6413 ¢s (GEP, Sct One; the two numbers refer to the period
of aspiration [ollowing the initial {t] plus the period of clearly
phouated ju]), 6+18 ¢cs (JB), 4 417 cs (AMC), and 4+ +12 e
(GEP, Set'T'wo), 6 <11 es (JB), and 4 + 14 es [AMCQC). The duration
of 1] was 8 es (GEP, Sct One), 8 os (JB); 6 o~ (AMC), and 8 cs
(GEP, Set 'I'wo), 7 cs (JB), and 4 cs (AMC).

The corresponding durations in aldips were the lollowing.
[ul lasted 6 +10 ¢s (GEP, Set One), 4 + 11 es (JB), 4+ 11 es (AMC),
and 6 4 10 es [GEP, Set T'wa), +-+10 ¢s ( J1B), and 3 -+8 cs (AMC).
T'he duration of | 1] was 6 cs (GEP, Sct One), 6 es i JB), 3 es (AMC),
and 6 cs (GEP, Sct Twa), 4 ¢s (JB), and 3 o5 (AMC].

A significant durational dilference appears associated  with
both [u] and {I]. In fwe /ips, the [u] is, on the average, five centi-
seconds tonger than in fulips, their ravo being 19/14.5; the (1] in
the phrase ties (ifss has an average duration ol 8 es, thatin bdips 3 cs,
with a ratio ol §;5.

The formant structure ol the occurrences ol [1] in the two

different words showed no significant difference. The values of

F, and Iy for [1] in fzee fips were 200 and 1200 cps (GEP, Sct Onej,
400 and 1100 (JB), 100 and 1150 (AMC), and400 and 1200 (GEP,
Ser Twa), 400 and 1300 (JB), and 400 and 1030 {ANLC). In wdips,
the values were 400 and 1200 (GEP, Set One), 400 and 1100 (]B),
400 and 1000 (AMGC), and 400 and 1200 (GEP, Set Two), 400 and
1100 (JB), and 350 and 1100 (ANC).

The distribution of intensity over the [u] showed a rather re-
gular pattern associated with the two phrases. In mlips, there was
a considerable increase in overall energy toward the end of the [u],

whereas in fiea fips, the encrgy was greater during the first half of

the total length of fu]. This **left-handed peak™ in intensity appears
associated with most words ending in a long vewel ar diphthong.
It appears, then, thatin fee {ips a final allophone of u/ is dircetly
followed by an initial allophone of /I/, whercas in tilips a medial
allophone ol ju/ is followed by a medial allophone of 1.

312 white shoes — why cloose

Figure 11 represents hroad-hand spectrograms ol the pair
while shoes — why choose uttered by all three informauts in bot sets.
The contrastive pairs uttered by GEP and AMC were correcetly
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WHITE SHOES WHY CHOOSE

Fig. /1. Broad-band specirograms of white shoes — why choose. spoken by infarmants GEP,
JB. and AMC,

identificd by all 40 listeners; the pair spoken by JB was identified
by 39 listeners out of 40.

The duration of the sequence |wat] in white shoes was 24 cs
(GEP, Sct One), 17 cs {JB), 22 cs (AMC), and 23 cs (GEP, Set
Twa), 28 cs (JB), and 24 cs (AMC). The duration of [t] was 7 cs
(GEP, Set @®ne), 10cs (JB), 7 cs (AMC), and 4 ¢s (GEP, Set 'Two),
8 cs (JB), and 4 cs (AMC). The []] lasted 20 cs (GEP, Set @ne),
17 cs {JB), 12 cs (AMC), and 16 cs {GEP, Set Two), 11 ¢cs (JB),
and 14 cs (AMC). Informant AMC used an unaspirated [t],
followed by [ricative rclease of less than 2 cs and a glottal stop of
8 cs in white shoes.

In why choose, the duration of the sequence [wal] was 30 cs
{GEP, Set One), 26 cs (JB), 22 cs (AMC), and 20 cs (GEP, Set
T'wa), 21 ¢s (JB), and 30 s (AMC). The duration of [t] was 8 cs
(GEP, Set @nc), 8 cs (|B), 6 cs (AMC), and 4 cs (GLEP, Sct Twuo),
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6 cs ()B), and 6 cs (AMC). The [[] lasted 13 cs {GEP, Sct Onc),
13 s (JB), [0 cs (AMC), and 9 ¢s (GED, Set Two), 8 es (JB), and
10 o8 (AMCQC).

The intensity pattern ol [wa] sceined significantly ditferent.
In white shoes, there was a rising-lalling intensity on [ai| that was
rather cvenly distributed ; the slight fall that did oceur is probably
auributable w the considerable difference of intrinsic encrgy
associated with the two members of the diphthong. Allowing for
the smaller inttinsic encrgy of 1], the pattern is actually rising,
i.c., encrgy is increasing during the production of the diphthong.
In why choose, on the other hand, there is a quick risc in encrgy
[ollowed by a long period of gradual decay which starts already
during the [a] part of the diphthong. The churacteristic left-hand
peak inintensity identifies the diphthong in why as a final allophone
comtruasting with a medial allophone in white.

In addition o the intensity clue, the difference in the segmental
duration of [ [] appears to be most signilicant. In w/hefe shoes, the aver-
age duration ol [[] is 15 centiscconds; in wiky choose, the average dura-
tion is 10 centiscconds. There is alke aslight average dillerence in the
duration ol [wa] (25 cs in why, 23 cs in white). The inal allophone
ol {t/ had an average duration of 7 ¢s, compared with an average
initial duraton of the [t] (in the sequence [tf]) of somewhat less
than 6 cs. There is a question whether [t] may be called an initial
wllophone ol jt/ here, since [t[| — without juncture in between —
is commonly analyzed as a single phoneme in English. It is worth
noticing, that the average duration of the [[] here is constderably
longer than the duration of the aspiration following wn initial [t].

It appears, then, that the identification was based muinly on
the dilTerent durations of the {1 and the [ai], as well as the intensity
patterns associated with [e] in the two members of the contrastive
pair.
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4. The Phonetic Characteristics of Internal Open Juoctwre

S0 The physical manifustation of juncture

Lt has been shown above that in & great majority ol instances
it is possible to demonstrate the existence ol phonetic factors that
indicate the presence ol internal open juncture. The results of the
listening test make it possible to associate eertain ol these phonetic
lactors with ohserved differences in linguistic interpretation. It may
Ire concluded, thercfore, that internal open juncturc has a reality
that can be described in physical terms. An attempt will be made
in this chapter to furnish such a description.

4.2 Classification of baunded sequences

A given ordered set of phonemes may constitute i bounded
scquence. In this case. the utterance starts with an initial allophone,
which is followed by a scquence ol medial allophones, and ter-
minates in a final allophone. Initial, fnal, pre-junctural and post-
junctural allophones will hencelorth often be relerred to as mar-
ginal allophones. The bounded sequence possesses certain duration
and intensity characteristics peculiar te such entities; these will be
described later in more detail. This type of sequence will be re-
ferred to in the following discussion as a sequence ol Type 1.

‘The same ordered set ol phonemes may he uttered as two
{(or more) bounded sequences; in other words, a juncture may be
introduced. Each of the hbounded sequences now starts and ends
with @ marginal allophone. The introduction of internal open
juncture results in a sequence where, at some point in the sequence,
a final allophone is immediately [ollowed by an inital allophone
ol the next phoneme in the sequence. In addition, both parts now
hive the intensity and durational characteristics ol a bounded
scquence. The point at which a linal allophone is lollowed by an
initial allophone is deflined as the point of juncture; juncture, then,
is @ houndary between two bounded sequences. An utterance
containing such a juncture (i.c. consistitnyg ol two bounded scquences)
will be relerred to as a sequence ol Type 11, Sequences of Type II
may contrast with sequences of U'ype 1. The pair tee lips — tulips
ix an illustration ol this kind of contrast, where the phrasc twe lips
is @ sequenee of Type [l, contrasting with the word tulips which
constitutes a sequence of Type [
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In numcrous instances, there are several points in o given
sequence of phonemes where a juncture may be introduced, i.c. a
sequence ol segmental phonemes may be distributed among bound-
ed sequences in several dillerent ways. Contrasts of the type #
shrays — i0s praise are contrasts between sequences of Type 11

Sequences of Type L involve sequences of phonemes, where
at some point a non-final allophone is immediately followed by an
initial allophone. Such “half~open” internal junctures occur re-
gularly in connection with a proclitic, unstressed indefinite or de-
finite asticle or unstressed verbal prefix. It appeared clearly from
the acoustic analysis of the data that members of a pair like whoard
and a board, although dilterent morphologically and lexically, are
not differentiated phonctically: both contain a sequenece of a non-
final allophone ol /5/ followed by an initial allophone of b/, In
the isolated case where @ board was pronounced [e1 ba:rd], the [e1]
appeared as an independent bounded sequence Cype 11, and a
contrast was established 3%,

Sequences ol Type T may coutrast cither with sequences ol
Type T. or with sequences of Type I1. Tor example, #itrate is a
seqquence of Type T where a medial allophone ol at/ is lollowed
by an initial allophone of jiri. Tt contruasts with two sequences off
Type T1: in Aype trait, o linal allophone of juif is followed by an
initial allophone of /tr/, whereas in night-rate amedial allophone of far/
is followed by a final allophone of /t/ to foroy a bounded sequence,
and an inital allophone ¢f jr/ starts a second bounded sequence.

In English, junctures of Type IT may occur only at points where
a final allophone of & phoneme ol English is immediately followed
by an initial allophone. Tt follows that a distribution ol a sequence
of segmental phonemes between dilferent bounded sequences,
resulting in a difference in juncture placement, is possible only
when the phonemes and phoneme sequences in question may occur
in English both as final and as initdal sounds, Table I11 iHustrates
the sequences where junctures occurred in the tested materials.

In table IIT, the pre-junctural phoneme or phoneme cluster
is indicated in the vertical cohumns, and the post-junctural phoneme
or phoneme sequence appears in the horizontal rows. A dot in a

3 pinar Hawgen vewarked v The syllable in linguistic deseription. 1936, p. 215,
that wttire and a (e are homunyms in his pronunciaton, Accovding o (he presem
mvestigation, both constitute sequences of Type T and are indeed adentical wuh
tespect o internal open juncturt,
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Table 11T

Occurrence of Juncture in the Analyzed Material

POSTJUNCTURAL PHONEME or PHONEME CLUSTER
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square signifies that the tested material included atleast one example
of that particular pre-junctural — post-junctural phoneme sequence.
Of course, many more contrastive pairs could be constructed to fill
some of the gaps on the chart; howcver, in a great number of
instances the absence of examples is significant.

4.3 Phenetic properties of juncture: marginal allephones

1t appears that there are two determining factors in deciding
whether a juncture has occurred. One arises from the nature of the
segmentalallophones,theotherfromtheoverallintensityand duration
patternthatcharacterizes the larger units between which the juncture
forms a boundary. The marginal allophones will be discussed first.

Initial (post-junctural) allophoncs of almost all phonemes are
considerably longer than cither medial or pre-junctural allophones
(final allophones may be drawled, and thus be longer than pre-
junctural allophones). This feature of duration was observed with
grcat regularity; thercfore the theory associating internal open
juncture with a lengthening of the pre-junctural allophonc cannot
be accepted, at least not uniil some actual evidence is offered to
substantiate it. Furthermore, it was observed that there was a
counsiderable durational difference between initial, medial, and final
allophoncs of the samc phoneme on one hand, and positionaily
equivalent allophones ol different classes of sounds on the other
hand. Initial sibilants, for example, last considerably longer than
initial nasals; initial stop may have five times greater duration than
a medial flapped /tf, which may last less than 2 centiseconds. The
“average duration of a phoneme™, associated with the Foos-Iill
theory (see footnotes 30 and 31 above), thus becomes something of
a fiction. The greater duration of an initial allophone was observed
regularly in the speech of all three informants in both sets of data,
and must therefore bc considered a rather general characteristic
of the initial allophone starting a bounded sequcncc.

English initial voiceless stops are aspirated. If the sound imme-
diately following is a vowel, the aspiration takes the form of a
voiceless segment of the vowel; il the following sound is /I, r, w{,
or [y/, the aspiration appears as a voiceless segment of one ol these
sounds. In other words, in a scquence like trait (in Nye trait) there
is no separate period of aspiration followed by an [r], but the [r]
is devoiced for almost its whole duration. The same aspirated /t/,
followed by voiccless [rf, occurs in nitrate. Neither the /t/ nor the [r/
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have a medial allophone here, which necessitates assigning nitrate
to Type I1I rather than to Type I.

A non-initial stop is usually unaspirated; a vowel or [l r wy/
starts immediately with full voicing after the release of the stop.
The release involves an explosion and a period of frication, which,
however, are normally shorter than twe centiseconds, while aspi-
ration durations of four to eight centiseconds appeared most
common. The presence versus absence of aspiration appeared a very
potent clue in keeping apart such pairs as i/ sprays ~ i’s praise, keep
sticking — kecps ticking, and a considerable number of others.

The medial allophones of [t/ and /d/ occupy a special position.
The so-called **voiced /t/”’ appeared more often than not as only a
brief reduction of the acoustic intensity during two or three (never
less than two) vocal fold periods. A complete closure was present in
a minority of instances; the duration of this medial [t/ was mostly
only approximately two centiseconds, and the acoustic pattern was
very similar to that of a flapped /r/. The medial allophone of /d/
was more frequently a brief voiced stop, but instances were ob-
served where the contrast between medial /t/ and /d/ was comple-
tely obliterated (for example, in the pair begfeeater — bee-feeder). The
flap never occurred in Cufo, which must be considered an example
of Type 1II: non-final allophone of /et/ followed by an initial allo-
phone of /t/. On the other hand, the [t/ in get abourd and get a board
had a mediai allophone in several instances, and therefore in those
particular occurrences both phrases must be considered bounded se-
quences of Type I11 (since /b/ had an initial allophene in each case).

Initial voiced stops arc considerably longer than initial voi-
celess stops. The voicing within a voiced stop decreases noticeably
in energy before the plosive release, regardless of the position of the
voiced stop within the sequence. The same decrease in energy was
observed initially, medially, and finally. This observation contrasts
with the general ussumption that the energy increases toward the
end of the inital voiced stop, as illustrated, for example, in the
Haskins painted spectrograms®,

Initial allophones of fricatives are again longer than medial allo-
phones; sibilants appear to have a certain intrinsic relative duration

# Onc recent example may be found on p. 123 of the paper ‘Effect of third-
formant wransitions on the perception of the voiced stop consonants” by K. S. Harris,
H. 8. Haffiran, 4. M. Liberman, P. €, Delaitre, and F. 8. Cuoper, . acoust. Sec. Amer. 38:
122126 (1938).
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that causes them to appear as longer than any other initial sound.
The intensity within any continuantincreases during the production
of an initial allophone and decreases during a final allophone.

Initial allophones of nasals are usually longer than medial and
pre-junctural ones. Medial /n/ may be as short as two centiseconds,
corresponding in length to the flapped {t/. The length of final nasals
depends considerably on the structure of the whole word: after a
“short” or “checked" vowel (such as fa/), the nasal is longer than
aflter a “long” vowel (such as /if}. As mentioned above, the inten-
sity pattern on all continuants is rising on initial allophones, {alling
on final allophones; however, in the case of nasals, almost comple-
tely level intensity patterns were occasionally observed in all po-
sitions except absolute final.

Initial /w/ is voiced, and there is a steady state (i.e. the formant
positions remain constant) lasting approximately as long as an
initial nasal or lateral. When /w/ {ollows an initial stop, the aspi-
ration devoices the following /w/. Initial /r/ is voiced, with often
a fricative onset. Initial jh is voiccless, medial fh/ voiced. [l/ is
longer in initial position than in medial position, but final [t/ is
oftenlongerthan the initial allophone. Initial /I{ hassteady formants
at approximately F, = 400 cps, Fy = 1200 cps; final /l/ has F,
and F, positions at approximately 500 cps and 800 cps, with a
rather smooth glide {rom the second formant position of the pre-
ceding vowel. Final /l{ has a rather considerable amount of intrinsic
relative intensity: when compared to a low-intensity vowel, such
as [if, the final allophone of I/ regularly has a greater intensity
than the preceding vowel?®3,

In medial position there appear two kinds of allophones of /.
While their formant structure resembles that ef an initial allophone,
the duration and intensity may differ considerably. One medial
allophone of {1/ is similar in duration and intensity to a medial /n/
allophone, the other involves a rapid dip in encrgy and a flap-like
movement. These flapped /lf sounds occurred in the speech of all
informants in contrast with non-flapped medial /I in the pair
holy — whelly.

Initial vowels may either start with a gradual rise in intensity,
or with a glottal stop followed by immediate onset of full energy.

3 For an etaboration of the problem of iotrinsic relative intensity of speech sounds,
cf. 1. Lehiste and G. F. Peterson: Vowel amplitude and phonemic stress in American
English. J. acoust. Soc, Amer. 37: 428435 (1959).
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In post-junctural position, this glottal stop may be realized as
laryngealization. The term is used here to refer to irregular, slow
vocal fold activity with considerably reduced overall energy. This
type of laryngealized onsct may last as long as ten centiseconds or
even more, and still be heard as a glottal stop. Complete glottal
stops at the beginning of a post-junctural vowel allophone were
comparatively rare in the analyzed corpus.

Final vowels are lengthened and decay gradually in cnergy.
Although in terms of assimilation, silence often acts as a voiceless
consonant, in terms of duration it acts as a voiced consonant:
the final drawl before silence is directly comparable to a final drawl
befere a voiced consonant. The term “drawl” applied to the ter-
minal phase of a bounded sequence includes both increasc in dura-
tion and decrease in energy.

The formant positions of vowels are also a contributing factor
in determining whether they are initial or medial allophones, i.e.
indicating whether the juncture falls before or after the eonsonant
preceding the vowel 3%, Tt was observed that in pairs like a nice man —
an iceman, the second formant of ja/ began considerably higher
after /n/, when the word started with /n/ (at approximately
1700-1800 cps in nice) than when the /n/ was a final allophone and
/af began the next bounded sequence (approximately 1300-1400
cpsin ice). The cues presentin formant positions deserve a separate,
more thorough analysis.

A certain amount of variability in these cues was obscrved both
from speaker to speaker and {rom utterance to utterance by the
same speaker. No absolute durational values can be postulated,
since the durations of various allophones are obvioeusly a function
of speaking tempo. The regularities, however, were great and con-
sistent cnough to associate them definitely with differences in
juncturc placement. It is hoped that a testing procedure can be
developed to explore further the relative contribution of the various
above-described phonetic features to the recognition of internal
open juncture.

4.4 Phonetic properties of juncture: characleristics of bounded sequences

The term “bounded sequence” is used here to refer to an
utterance that begins with sound features that characterize the

3¢ Bertil Malmberg tested a similar hypothesis with respett te syllable beundary;
cf. The phanetic basis of syllable divisivn. Studia Linguistica 9: 80-87 (1955).
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beginning of an utterance, and ends with sound features that char-
acterize the end of an utterance. No marginal allophones occur
within a bounded sequence; every bounded sequence begins and
ends with a marginal allophone.The sound features that character-
ize a bounded sequence are, however, not definable in terms of
inidal and final allophones alone, since they may occur over an
utterance that consists of only one phoneme. For example, /af may
be a complete utterance, constituting what is here being called a
bounded sequence, with a buildup and decay period that charac-
terize it as such. If the conditions were definable in terms of
initial and final allophones, /af then would have to be described as
being an initial and final allophone at the same time, which is a
misrepresentation of the data. Similarly, in a longer phrase that
consists of several segmental phonemes, the features that charac-
terize a bounded sequence are not restricted to the initial and final
sounds of the sequence. Therefore, the bounded sequence itselt is
set up as a unit, having a characteristic set of features that determine
its occurrence.

A bounded sequence consists of an initial phase, a body, and a
terminal phase. The initial phase may have several phonetic char-
acteristics, all or some of which may be present at any one time.
In addition to the presence of an initial allophone, the initial phase
is characterized by a rather rapid increase in articulatory energy
(rapid in comparison to the decay in the terminal phase), expressed
in its acoustic counterpart, an incrcase in acoustic intensity. The
body of a bounded sequence usually contains an intensity peak, the
extent and shape of which are determined by the intrinsic ampli-
tudes of the sounds that comprise the sequence, and by the degree
of stress applied to each part of the sequence. The terminal phase
usually involves “drawling” — deceleration of tempo and decrease
of energy — in addition to the presence of a final allophone at the
end of the sequence. Allowing fer the differences in intrinsic am-
plitude, the intensity peak may usually be located closer to the
beginning of the sequence than to its end: the buildup of energy
associated with the initial phase is usually accomplished faster than
the decrease in energy associated with the terminal phase. Both
the imtial and the terminal phases usually extend over more than
one sound.
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5. The Phonemic Status of Internal Open Juncture: Conclusion

It has been a basic assumption during this study that the
primary source of information about the occurrence or non-
occurrence of junctures are the actual phonetic data. An attempt
has been made to analyze the data, discover the underlying re-
gularities, and to relate these findings to the reactions of native
observers. Any interpretation of the findings should reflect actual
data without omission of relevant details, distertion of facts, or
misrepresentation of their internal relationships. There is often an
interaction between the techniques that we develop and the me-
thods of analysis that they suggest. Insirumental techniques not
only allow us to verify our previous conjectures; they also suggest
new abstractions which may find their place among the future
units of descriptive linguistics3%. As a result of the acoustic analysis,
it appears now that a reinterpretation of the phonemic status of
internal open juncture is necessary. An attempt is made below to
offer such a reinterpretation.

The present study started as an attempt to discover whether
there are acoustical clues to morpheme boundaries. In a number
of utterances meaning appeared to be distinguished by contrastive
placement of morpheme boundary. When such utterances were
analyzed acoustically, it was discovered that although certain
boundary features could be identified and described, the presence
of such features seemed to be independent of the presence of mor-
pheme boundaries. The boundaries characterized by features
hitherto often called “junctural’”” appear to correlate rather signi-
ficantly with word boundaries; the correlation with morpheme
boundaries appears determined by the fact that lexical word
boundaries do indeed often coincide with morpheme boundaries.
In other words, such morpheme boundaries as are not at the same
time also lexical word boundaries are not characterized by junctural
features. Again, the juncture phenomena appeared not to be ex-
clusively determined by lexical word boundaries: since a lexical
word is often defined as a ““minimal [ree ferm”’, and since, according
to my analysis, junctures are boundaries between bounded se-
quences, thereis a potential juncture at the lexical word boundaries,
which may or may not be realized when the sequence of words is
uttered. On the other hand, a lexical word may occasionally con-

37 Peter Ladefoged: The functien of a phonetics lahoratory. Orbis 6: 211219 (1957).
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sist of more than one bounded sequence, thus containing an inter-
nal open juncturc. The bounded sequence, then, appcars as a
significant phonological unit; internal open juncture is here defined as the
beundary between two bounded sequences. ‘I'he phonetic properties attri-
buted to juncturc arc characteristics of initial and terminal phascs
of bounded sequences; internal open juncture is a point in time,
not a phoneme in its own right. It follows then that there are no
“allojuncturcs’” of intcrnal open juncturc: the allophonic charac-
teristics are a part ol the units themselves, not of the boundary
point bctween them. When no phonetic manifestations are present,
there is no juncture (i.e. no boundary point between bounded se-
quences) : zero allophones of internal epen juncturc, which are to
account fer morphcmc boundarics, arc cxpressly rejected within
the system presented here.

To a certain extent, the present study confirms the view ex-
presscd by Pike®® that language is structured simultaneously in
several hicrarchies. The bounded sequcnce appears clearly as a
higher-leveled unit (than thc phoncmc) within the phonological
structure of the language. The phonetic characteristics of the
bounded sequence have been described; it remains to constder its
phonemic status.

Although certain parts of the evidencc prescnted in this paper
might bc used to postulate the existence of a “phonctic word”’, the
boundcd sequenccs still constitute distinctive units within the Eng-
lish phonological systcm. The distribution of phonemes within the
sequence conforms to the phonotactic rules of English; there is no
rcason to assume that the general charactcristics of bounded sc-
quencces, as described in chapter 4, could cver be found to exist
in precisely thc same configuration in any other language. The
described sequences, while unquestionably phonological in nature,
cannot be exhaustively described in reference to segmental phone-
mes alone. The bounded sequences have certain characteristics of
duration and intcnsity which may be called suprascgmental, but
this does not make the internal open juncture a suprasegmental
phoneme: rather, the bounded sequence is a unit which is defined
by the presence of a certain secgmental (distributional and allo-
phonic} and suprasegmental pattern. All segmental phonemes
occur within bounded sequences; thus the bounded scquence

38 K. L. Pike: Language in relation to a unified theoey of the structure of human
bebavior; Parts I and II (Glendale, Calif. 1934 and 1933).
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coustitutes a phonetically manifested higher-level unit in the pho-
nological structure of English.

Kusammenfassung

Die vorlicgende Arheit hehandelt die phonetische und phonematische Natur der
sogenannten «inlernal open juncture» im standardisitrt¢n amerikanischen Englisch.
Bic Hypothese eincs kausalen Zusammenhanges zwischen Morphemgrenzen und der
«internal open juacture» wird erwogen und verworfen. Die Untersuchung besteht aus
eincr experimental-phonetischen Bearbeitung eines ausgedehnten Testmaterials, 304
Einzelwérter und Phrasen umlassend. Magnettonbandaufnahmen des Materials, ge-
sprochcn je zweimal von drei Versuchspersonen, wurden spcktrographisch analysiert.
25 von den Wértern und Phrasen, als Minimalkontraste zusammengcstellt und gespro-
chen von den drei Versuchspersonen, wurden von 40 Hércrn beurteilt. Begriindet anf
der spektrographischen Analyse und den Horerurteilen, wird die phonetische Natur der
verschiedenen Arten von «internal open junciure» beschrieben und auf 11 Bildtafeln
illusiriert. Die Theorie wird vorgctragen, daB die «internal open juncture» cinen
Grenepunkt 2wischen zwei «bounded sequences» darstellt. Die «bounded sequences»
sind phonologische Einheiten hahcren Ranges als cin Phonem ; obgleich die Grenzen der
«bounded sequences» oft mit den Grenzen cines fexikalischcn Wortes zusammenfzllen.
sind sic aussclilieBlich phonologisch bestimmt und stehen in kcinem kausalen Zusammen-
bang mit Einheiten der morphologischen und grammatischen Hierarchicn der Sprache.

Résumé

Le présent travail traite du caractére phonétique et phonématique (phonologique)
de la soit-disanle «internal open juncture» dans I'anglais-américain standardisé.
L’hypothése d’une connexion causalc cntre les limites de morphéme ¢t «interial open
juncture» cst considérée, mais rejetée. La recherche s’accomplit par 'examen, par le
moye¢n de méthodes de phonétiquc expérimentale, des matériaux consistant en 304
paroles isolées ct phrases. Lrs enregisirements magnétophoniques des maiériaux,
énoncé deux lois par trois sujets, sont analysés par specirogrammes. Vingt-cing des
paroles ¢t des phrases, rassemlblées & titre de contraste mminime ¢t énoncées par trois
sujets, sont jugées par 40 audilcurs. Le caractére phonélique des diflérents types de
«internal open juncturen est décrit comme fondé sur I"analyse spectrographique ¢t sur
le jugement ¢les audliteurs, et expliqué sur §1 illusirations. On propose la théoric que
la «internal open juncturen rcprésente la liniite cnire deux «bounded sequencess.
Les «bounded sequences» sont des unités phonologiques d'un rang supérieur a celui du
phonéme: bicn que les limites d'une parnle coincident Iréquemment avec les limites
d'unc parole au sens lexicographique, ils sont quand méme déterminés exclusivemnent
par la phonologic et nc s¢ trouvent en aucun rapport avec les unités des hiérarchies
morphologiques et grammatiques de la langue.
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