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CHAPTER I

INTROODUCTION

" In order to produce intelligible, natural sounding
synthetié spéech, it is necessary to have parsimonious
- descriptions of all relevant linguistic and non-linguistic X
features. These linguistic and non-linguistic distinc-
fions encompass segmental and supraaegméntal variables.
Features of the individual phonemeS'pave been described
in detail, so that highly intelligible synfhetic speech
can be realized. The ability to prodﬁce natural sounding
synthetic speech rests on a complete description of the
vays in which suprasggmental factors affect the speech
signal. Primary among the suprasegmentals is the FO
contour, vhich carries a large and multifaceted informa-
tion load. Various approaches have been developed for
describing neutral declarative F0 contoﬁrs vhich are ap-
propriate for a limited set of utterances. Further vork
in this area will be focused on expanding Fo generating
rules to cover a widér range of syntactic structures,
variation as a function of semantic emphasis and the
effects of extralinguistic components.

One of the extfa-linguistic factors which appears
to markedl& affec£ the speech signal is the level of

formality of the speaking situation. Differences in

t



durational, fundamental frecquency and spectral charac-
teristics have been noted as a function of different
speaking'modes. It is important to know how applicable
are data obtained under one speqking mode to other
speakihg conditions.

The current investigation was designed to capture
two diutiﬁct lcvels of formality by sampling speech that
had been read and speech that had been proddced spon-
téneously. An interest in subtle acoustic differences
prompted the use of lexically identical utterances which
contained none of the gross hesitation phenomena normally
agsociafed vith spontaneous speech. In order to elicit
- these lexically identical utterances, speakers were taped
during unplanned conversations. These dialogues were
edited, transcribed and then read by the original speakers.

A perceptual task was devised to allow‘for elicita-
tion of listeners' responses to the~sponfaneous/read (S/R)
distinction under two conditions. First, as spoken, and
second, with F0 contours flattened to the average value
for the utterances. Certain duration and F0 parameters of
the selected utterances were measured. These data Qere
analyzed in an attempt to answer three specific questions:

'1.° Can listeners correctly identify an isolated
utterance as having been read or spoken

" spontaneously?



2. Do listeners use the FO contour in making

S/R judgmonta?

3. Are there consiéten£ differences betveen

read and spontaneous utterances in certain
duration and fundamental frequency measures?

The long-range goal of this research is the develop-
ment of a model encompassing all of the high and lov level
diffcrpnbcs.between the two speaking modes. Such a model
should account for different degrees of spontaneity, as
vell as different levels of formality in reading. The test
of the validity of such a model would be whether an algor-
ithm could be derived from it for altering the perceived
spontaneity or "readness" of utterances. This investiga-

tion was the initial step towards this lbng range goal.



CHAPTER 11

REVfEW OF RELEVANT LITERATURE

[he literature revicwed in this chapter is focused
bn three areas. The‘fﬁfst and second areas are FO and
duration., These are the two acoustic parameters which vere
examined in the current investigation of the S/R distinction.
The Lhird arean is concorned with studies related to the S/R
distinction. Included are investigations_which have estab-
lished differences between these sbeaking modes,.aa vell as

some work Lthat ﬁoints to potential differences between them.

Fundamental Frequency

Physiological Correlates of Fundamental Frequency

Phonation is generally accepted to occur as a result
of certain myoelasfic and aerodynamic forces working in con-
éert (van den‘Berg, 1958). The myoelastic forces are asso-
ciated with contraction of the intrinsic laryngéal muscu-
lature primarily and with activity of certain extrinsic
laryngeal muscles secondarily. The activity of these mus-
cles causes the vocal folds to be adducted and abducted,
stretched and tensed. The aerodynamib forces are asso-
ciated with the breath stream escaping from the lungs which
forces the adducted folds apart and also contributes to their
closing.

Fundamental frequency change is most closely related to
contraction of the. cricothyroid (CT) muscles. . Increase in

FO as a direct result of CT contraction is well documented



(Fanborg=-Andornon, 1957; Kntouki, 19503 Licberman,
Sauwashlima, Hourrlu and. Gay, 19Y70), CT ucllvity caousos FO
raising through an increcase of longitudinal tension on the
vocol folds. A less important contribution to rnieingiof

i 'muy occeur Lhrough contruction of the supruohyoids which

o
results in an increase in vertical tension (Borden and.

Harris, 1980). ,

Relaxation of the contracted CT seems to be the most .
important factor in lowering of FO (Savashima, Kakita and
' Hiki, 1973; Colliér, 1975; Erickson and Atkinson, 1976).
There also appears to be an gctive, if minor, Fo lomering-
componcnt as a function of contraction of the strap muscles
which alter the position of the larynx in the neck (Lieber-
man ot al., 1970; Ohala, 1970; Atkinson, 1973; Sawashima
et al., 1973; Baer, 1975; Collier, 1975; Macda, 1976). '
The degree to which this active F0 lovering mechanism is
functional may bé idiosyncratic and vary throughout a givén
specaker's F, range (Atkinson, 197&’. If all muscular forces
are held constént,.changcs in FU vill occur as a function .
of subglottal pfessure variation, Although Lieberman (1967)
attributed Fy declination primarily to a fall in subglottal

pressure, the amount of this contribution was probably over-

estimated,

Linbufatic Correlates of Fundamental Frequency .

‘The physiological mechanisms that underlie chaﬁgee

in Fundamental frequency of the voice are controlled by the
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linguistic requirements of the speaker. On the segmental
level there are a number of factors which affect funda-
menlal Froquenecy.  Loeh vowel luo purporled Lo huve an in-
trinsic fundamental frequency which is associated wvith
relalive vowel height (Lehiste and Peterson, 1961). Al-
though Lhig acoustic characteristic of vowecls is wvell-
documented in production of isolated words and carrier
phrase-type utterances, it may not be realized in connected
narralive Lype discourse (Umeda, 1981).

In addition to intrinsic Fyn, the level of the Fo
pcuk associated with the yoyel,‘the direction of movemenf
ofl FU’ rate of movement and duration of movement are con-
ditioned by the preceding consonant (House and Fai;banks;
1953; Lehiste and Petersoﬁ, 1961; Maeda, 1976; OfShaughnf
cssy, 1976). These differences, which can be explained on
ihc basis of events occurring at the level of the larynx
haye been found to serve as cues in the_voice/voicelesg
distinction (Haggard, Ambler and Cgllow, 1970).

Fg» along vith duration and intensity, has been shown
to vary with degree of lexical stress (Fry, 1958; Lieber-
man, 1960; Morton and Jassem, 1965). F0 and duration ap-'
pear to have ppimary cue Qalue.in pérception of lexical
stress, although their relative contribution is dependent
upon a number of varisbles. These variables include posi-
tion in the utterance and idiosyncratic speaker and listener

differences (Nakatani and Aefon, 1981).
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It is logical to assuﬁe that F0 vould bevan effective
cue Lo seutﬁntial stress, nlthoughAthe'notion of sentential
quuQu ig leons-clear cut'thun that of lexicul stress.
Bolinger (1958) has suggested that the concept of stress,
at the sentence level, associated with force of utterance
and intensity, should be replaced by the notion of pitch

prominence.

Fundamental Frequency Contour

It is recognized that intonation is a perceptual de-
gscription of the instrumentally defined FD contour. Hovever,
this distinction is not always maintained in the literature.
Therefore, in the following reviev the terms FD and intona-
tion will be used interchangeably. |

Any characterization of the Fy contour is complicated
by a numbgr of factors., First there are the various cor-
relates of F0 vhich are ?esponsible for congiderable varia-
ﬁion-eintrinsic vovel FO, phonetic environment‘and syn-
tactic structure. Second, the F0 contqur appears to have a
number of independent functions. Third,‘as a consequence
of these first two factors, there ié no generally accepted

system for describing FO contours.

Functions of the F, Contour

Dane¥ (1960) divided up intonation function into two
primary and twvo secondary categories. The two primary

structural functions are the delimiting or integrating of



|
8

wvords within a sentence (breaking it up into phreéea) and
the signalling of theme and rheme (or old versus new in-l
furmuliun)f Ihoovo Lwo operations uro syntuclic aond acmaﬁtic
respeclively. According Lo Duned' breskdown, intonation also
has Lwo gecondary or modal functions. The First of these
ic Lo indieole whelhoere Lhe sentenco is a sltolement or a
question; Lhe sccond modal function being the indication of
Lhe affecltive state of the gpeaoker.

Lach of Lhouse four functions is embodicd in a single
Fy contour and one of the fundamentol tasks of the investi-
gator of intonation is to isolate those aspects of the con=-
tour associated with each. By noéeesity rcoearch proceeds
as though it is‘possible to consider them individually. |
Different investigators place varying amounts of emphasis
on the different functions of intonation.

In addition to the four functions described by Dane¥
(1960) the Fo contour serves a phonemic function when move-

ment of the F, contour allowvs for distinction between voiced

0
and voiceless sounds. It also gives lexical information
through the role that it plays in signalling stress dif- -
ferences., A complete listing of all of the functions of ‘the
F0 contour wduld also have to include providing information
as to the speaker's sex, age (éollier, 1975) andllinguistié
béckgroUnd (Lieberman, 1967).

Wang (1972).pointa out that the intonation contour is

. produced within the constraints of certain operating
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characlteristics of the specech production mechanism which
arc highly idiosyncratic. This consideration, in combina-
Lion wilh all of Lhe functions atiributed Lo intonation,
make Lhe FO contour a highly fruitful, if complicated area
for investigalion. Acousltic effects associated with these
various funclions will be described in a later section on

"Acouslic SLludics ol the FO Conltour."

Impressionistic Descriplions of Intonation

Level qnuLyscs. Much of Lhe earlier work on intonation
grew oul of pedagological neceds of teachers of English as a
second language. Although a large number of systems emerged,
Lhey can be grouped into two general categorics. The first
large category that covers the work of American linguists is
based on an attempt to describe intonation as a series of
phonemic pitch levels. The early approaches of Sapir (1921),
Bloomficld (1935) and Wells (1945) were attempts to de-
scribe the suprasegmental aspects of pitch and the resulting
intonation contour in a form analagous to segmental analysis.
Intonation was considercd a morphemic entity comprised of a
series of pitch phonemes.

These early works wvere followed by the more detailed
"level analyses" of Pike (1945) and Trager andlSmith (1951).
Pike attempted a complete description of one dialect of
American English using four pitch phonemes or levels.,

Trager and Smith included various types of juncture in their
analytical system which treéted pitch and stress as indepen-

dent.
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lhrouﬁh‘the asgsignment of stress placcement rules,
Chomsky and linlle (1968) ond llalle and Keyser  (1971)
hove allomploed Lo prodict sonlonco utruuu;puLLurno from
surface structure. OBresnan (1971) expanded the Chomsky
and llalle aystem to includo deoep structurce considerations.
These three vtreass unnignmcﬁt systems are assumed to be part
6f lingyuistic competency only, and not necessarily reflected
in physical reality.
| Liberman (1975) developed a metrical system for pre-
dicting primary stress of neutral intonation contours. Al-
though originally no claims were made as to the shapp of

the FO

for gencrating F0 contours within the framewvork of this theo-

contour, a subsequent computer program was devised

retical model (Pierrehumbert, 1981).

Bolinger (1958, 1972) takes issue with these last three
approaches on two counts. First of all, he feels that a
phonemic approaéh to intonation anéiysis does not make sense
because of the semantic discontindity of phonemes as Qell as
their relationship to a number of different artiéulatory
correlates. Second, he believeé\thét syntactic considera-
tions only indicate which syllables are likely to be strpéaed..

It is semantic and emotional highlighting which determines

final stress patterns.

Contour analysis. The so-called British school of in-

tonaltion uses contours or a series of configurations.

Palmer (1922) devised a system which catalogued configura-



' 11
tions for three parts of the intonation contour--the nu-

cleus, the head and the tail.

A_uumuwhut moruv vimplliulic opprouch wau Lhot of Arm-
~strong and Ward (1926). They described two possible in- ‘
tonalion contours=<Tune T and Tune Il--which wero assigned
Lo an ullterance depending on whother it waos o statoment,
command, "yes-no" queslion or intorrogative-word question.
Other systems have been devised by Jassem (1972), Halliday
(1967) and Crystal (1969). These contour analysis systems °

have suffered from having either too little or too much

detail.
0'Connor and Arnold (1963) provided a thorough de=-

scription of colloquial English intonation using a graphic
system of small and large dots. They described a'vériety of

tunes associated with the head, nucleus and tail of intona-

tion contours of different sentence types.

Acoustic/Perceptual Studies of Fundamental Frequency Contours

Neutral intonation contours. There are numerous .re-

ferences in the literature to éoqtrastive stress and em-
phatic stress which are functionél at the sentence level
(Bolinger, 1958; Lehiste, 1970; Berman and Szamos, 1972;
Hirst, 1974). Implicit in the notion of these different
typoo of otroso is that a basolino exists against vhich a
given pattern can be judged. Such a basic pattern is re-
ferred to as a "normal" or "neutral” intonation contour
(O'Shaughneéey, 1976{ Stockwell, 1971). O'Shudghnessy
suggests that "...the speaker apparently adopts a strategy



12

of deviating from the ‘normal! pattern to signal some
lingquistic or phonetic message to the listener." (p. 397).

The concept of main sentential stress is central to
characterization of a neutral contour. Althdugh this is a
particularly murky concept, numerous references to main
stress are made in the literaturc. Bolingérv (1958) and
Chomsky (1971) both suggest that main stress tends to
occur Loward Lhe end of Lhe utterance, although the mechan-
isms which they propose for its assignmentl are vastly dif-
‘ferent. Bolinger's mechanism, related to "new" versus "old"
information is semantic in nature. Chomsky, on the .other
hand, ascribes stress assignment to "...special grammatical
processes of a poorly understood sort." (p. 199). Atkin-
son (1973) found that listeners tend to assign main stress
towvard the end of an utterande even in the absenée of typical
Fy behavior associated with main stress. Uldall (1960) has
suggested that neutral intonation contours have relatively
narrov ranges and less change in F0 toward the end of the
utterance. |

At least one linguist rejects the notion of the neutral
intonation contouf (Schmerling, 1974) on the basis that neu-
tralness could only be assigned to a sentence or utterance
vith no meaning. It is unclear és to wvhether this neutral
pattern is supposed to be manifest acoustically or whether

it is simply a mental image of a normal utterance (Coker and

Umeda, 1971).
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Declination. It is possible to look at localized

atlribules of Lhe Fy contour or to omphasizo more global
features. The best documented global feature of FO con-
tours is declination. The declination effect was described
in 1973 Ly l'Hurt and Cohen os a gradual downdrift of pitch
from LAe bcginning to the ecnd of an utterance. Possibly

as o conscquence of the fact that it occurs in a large
number of unrclated languages (Pierrehumbert, lé78),-de-
clination has been con;idornd a lanquage universal which -
is performance based (Licberman, 1967; Macda, 1976).

Ihrough o gerics of experiments using reiterant speech tech-
niques (Liberman, 1977) it Has been demonstrated that this
downdrift has a place in the lihguistic system of American
Lnglish (Breckenridge, 1978).

"Larlier work on declination charéctcrized this phe-
nomenon by use of a negatively sloping line drawn by eye
through or connecting the valleys of the intonation con-
tour (Macda, 1976). Later work has suggested that in addi-
tion to the "baseliné" declination, a line drawn connecting
the peaks of the F0 contour ié also négatively sloping. If
both the topline and the baseline are drawn for a single
utterance it will be seen that the topline has a more nega-
tive slope (0'Shaughnessy, 1976; Cooper and Sorenson,

1981). The space described between these two converging

lines can be considered to be the intonation envelope

(Cooper and Sorenson, 1981).
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Because of proven perceptual relevance of the topline
(Breckenridge, 1978) and the relative ease vith which £he
topline cnﬁ be drawn as compared with tho baseline, recent
cfforts have attempted to describe the topiine. Pierre-
humbert (1981) describes a computer program for synthesis

of FO contours. This program is based on the assumption
Lhat intonutiun'contours can best be described by target
values (pitch peaks) and transition rules that describe the
movement of FO betwecn thc pcaks.

Codper and Sorenson (1981) have attempted to character-
ize the topline for a yarietylof sentences with different
syntactic structures. ‘Throuﬁh comparison of F0 data with
geverél possible modeis,'they concluded that F0 topline
could best be described by a single line connecting the
second through the final peaks, with the initiai peak located
somewvhere above thé line. - This system was seen to be more
or less effective for sentences containing complement clauses,
as well-as simple sentences. It wofked less well when ad-
jectives and adverbs wvere included, in the presence of sub-
ordinate restrictive relative clauses and parenthetical
clauses. These other .syntactic permutatibns created elbows
in the topline either goiné upward or dowvnward depending on
the utterance. |

All-of the topline contours‘displéyed by Cooper and
Sorenson were negatively sloped or falling. There are a

limited number of references in the literature to rising

F0 contours (Palmer, 1922; Crytal, 1969; Pierrehumbept,
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1980). They can be considered atypical since the vast

majority of_utterances'have falling toplines.

Localized attributes. In addition to the global

aspect.of declination much emphasis has been placed on de-
scribing the more localized attributes which cover one or
tvo words at most. A series of experiments on Dutch in-
tonation have isolated a number of distinctive pétterns
Lhat are superimposed-on the gradually declining baseline
(Cohen and t'Hart, 1967; Collier and'tfnart,.1972;'t'uart
and Cohen, 1973). ’Thesc patterns include the "hat pattern",
the "valley pattern" and the "cap pattern." These patterns
each reflect different F0 rise, fall and peék behavior.
Macda (1976) invest‘igatéle0 contours of American
English and found that he vas able to characterize a limited
number of declarative sentences using the five attributes
of baseline, rise, lowering, peak and a rise on F0 plateau.
Sentences synthesized with intonation contours assigned on
the basis of these attributes were perceptually acceptable.
Much of the wofk an localizéd attributes of the intona--
tion contour has been concerned wiﬁh various short duration
movements of the FU contour and their relationship to vér-
ious functions associated with it. The major accépted role
of intonation is in syntactic grouping (Lea, 1972; 0Olive,
1975). Althqugh the Syntactic structure of an utterance
can certainly be derived frdm m&notone speech, the intona-

tion contour can aid in the process of parsing into con-
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slituenl slruclture (Gleason, 19613 Lea, 19733 Wingfield

and Klein, 1971). This is particularly true when am-
Liguily ig present (SLreeler, 1978).

Ihe marking of phroase boundarics by Fn is usually ac-
complished by a sharp rigse at the beginning of the phrase

and o usharp fall ot ils c¢Tose (Lea, 1973; 0'Shuughnessy,
1976).  Ihe Lerwinal Foll al the end of o sentence is usually
lower in frequency than the previous falls (0'Shaughnessy,
19765 Mocda, 1976). Conlinuation risces often mark non-
terminal falls within sentences, signalling thét more is to
come (Dancg, 1960; Coker and Umeda, l97i; O'Shadghnessy;
1976). | |

Related to this syntactic segmentation is the notiqn
that F0 may be functional in indicating juncture for phono-
logical units larger than the sentence (Lehiste, 1979;
Umeda, 1978).

Scmantic highlighting is another well-recognized
function of the Fo‘contour; This highlighting occurs with
less predictable words or anaphoric referents (Dane&, 1960;
Halliday, 1967; Atkinson, 1973; 0'Shaughnessy, 1976). Pre-
sumably the more important, or unusual a word is, the higher

the F, (0'Shaughnessy, 1976). It has been suggested that

0
syntactic information is relayed by the direction of Fo
movement, while semantic information is reflected in the
degrce of movement (Adams, 1969; 0'Shaughnessy, 1976).
Localized attributeos are also affected by the phonetic -
influences already noted. 0'Shaughnessy (1976) found that.

number and closcness of FD accents can affect the height
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of Lhe I',, peaks. When a number of acconts arec close to-

n P
gether, and when there is a relatively largc’number of them,
penkn will bo lowor. |

In uddition Lo the linguistic determinants mentioned
above, I, olso varies with certain non-linguistic factors.
“Lislencrs have boen shown to be able to idenlify speakers
(Abberton and Fourcin, 1978), and emotional modes (Uldall,
1960; Licberman and Michaels, 1962), on the basis of Fo'
contour information alone, when segmental information has
boen'climinated. Certain differences iﬁ the F, contours of
femalce versu§ male speakers havé been observed (Brend, 1972;.
Nakatani and Aston, 1980).

Results of a number of studies had suégested that leés
fundamental frequency variation occurs with increased rate
(Lee, 1956; Koshikawa, 1962; Bolinger, 1965; Lightfoot,

1970; Stockwell, 1971). When 0'Shaughnessy (1976) measured '
FO change for a single talker.speaking at different rates,

he found that FO rate change or slope was altered rather than

the amount of variation. Whether a speaker sacrifices varia-

\

tion or increases rate of Fo chanée vhen talking faster may
be idiosyncratic and related to naturalness of the speaking

situation,

Perceptual relevance of changes in Fg. Klatt (1973)

provided some preliminary answers to the question of lis-
tener sensitivity to F0 movement., Usiﬁg synthetic vowels
vith both steady and sloping FO he found that listeners

are extremely sensitive to changes in slope of FU‘ He also
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found that perception of #0 is not necessarily based on
energy in the region of the Fy but the relationship of
higher frequoncy componentuo. In genoral, it vcems that
the listener uses relative differences and dynamic aspects
of FO more than nbsoldte values (Hadding-Koch and Studdert-
Kennedy, 1964; Lieberman, 1965; Klatt, ;973{.

Although declination seems to be universal (or perhaps
because it is universal) t'Hart énd Cohen- (1973) report |
thol liustencers are not conscliously awvare of it. Howvever,
through manipulation of peaks in.reiterant speech used in
perceptual studies Pierrehumbert (1978) has demonstrated
that l%steners cxpect it to occuf. 6n the level'of.localized
attributes the Dﬁtch group found.that the slope of Fd is un-
important perceptually. Rather it is the placement within
the syllable of the Fo peak that is most important. They
also indicated that voicing interruptions had little effect
on perception - of FO' » .

Collier (1975) has stated explicitly that Fg is peé-"
ceived cafegorically and that much of the fine-grained move-
ment within the contour is integréted into some pattefns to
vhich listeners respond as a gestalt. This‘notion of cate~:
go;;cal perception of intonation contours is at least im-
plicit in the FO description ayétema of Lieberman (1967)

At least one study (Géfding and Abramson, 1965) has
investigated listeners' consistency in grouping intoqation
contours and found that it was not done with a great degree

of accuracy. Atkinson's (1973) comment that too little is



19
known about perception of intonation to resolvebthé issue

of caltcegyorical perception is probably still valid.

Tewmporonl Phenomena

Speaking Rate

Estimationiof.speaking rate is one frequently used
approach to describing timing in speech. Numerous measures
have been employed in determination pF speaking rates. One
technique that has been used extensively is the word per:
unit time method (Gilbert and Burk, 1969; Lass and Lutz,
1975; Cartwright aqd Lass, 1976; Grosjean and.Lane, 1976).
Syllable per unit time has also been used (Goldman-Eisler,
19685. This latter method may be preferable t& others be-
cause the average phoneme per‘syllaﬁle raﬁio of 2.7 appears
lto be less variable than the number of syllableélor phonémes
per word (Umeda, 1978).

There is, howeher, an inherent problem in interpreting
any of these measures because theif.use confounds two separate
Qariables--pausing time and duration of linguistic units.
Some indirect approaches to rate determination havé been de-.
vised which eliminate the pausing factor. These include
average phoneme duration (Quinn and Umeda, 1978; Umeda,
1978) ratio of total speech time to number of phonemes per
"sentence (Quinﬁ and Umedé, 1978) and average seconds per
vord (Goldman-Eisler, 1961b). Since duration and speaking
rate appear to be separately controlled (Hafris, 1978) com-
parison of results obtained using different methods should
be done cautiously. References in the literature to dura-

tion and pausing separately will nowv be considered.
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Hesitation Pauses

HHesitation pauscs have been shown ﬁo be related to
high-level linguigtic processes--primarily ones of lexical
choice and syntactic style.' Because pauses in spontaneous
apeech are frequently followed by words of low trapsitional
probability they presumably provide speaker planning time.
These breaks in the speech stream have also been associated
vith level of verbal abstraction and degree of emotionality, .
but not with syhﬁactic complekity (Goldman-Eisler, 1968).

Support for the psychological reélitx of linguistic
units of varying sizes has been found in the‘placement and
length of hesitation pauses (Mercer, 1973). Goldman-Eisler
(1972) presented evidence that presence and length of pauses
could be used to differentiate between subordinate and rela-
tive qlauses. Several investigators have argued for the
psychological reality of Trager and Smith's (1951) phonemic
clause on the basis of placement of pauses within utterances
(Boomer, 1965; Dittman and Llewellan, 1967; Suci, 1967).

In an investigation of the grammatical and acoustic cor-
relates of unfille& pauses, Martin (1970) compared measure-
ments of pausal duration vith listener judgments of pause
location. The results of this investigation indicated that
listeners sometimes perceive pauses to be located where no
actual break ih the speech stream occurs. These non-silence
cued perceived pauses sometimes occufred following abnormal-

ly elongated syllables, or pseudo-pauses.
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Duration

A consideration of howv various factors affect seg-
mental duration must be done against the backdrop of in-
trinsic phoncme duration. Inherent duration of vowel sounds
has been found to be correlated with vowel height (Hodee
and Fairbanks, 1953; Peterson and Lehiéte, 1960; House,
1961). Consonunt durations appoar to be determined by'dénnég
and place of articulation (Fischer-Jorgensen, 1964; Peterson
and Lehiste, 1960). There is evidence that some of these ‘
intringic durotional differences result from physiological
constraints (Peterson and Lehiste, 1960) wvhile others are
learned as éart of the phonological eyetem.(Lisker,'197Q).

As many as nine factors may influence segmental duration
(Coker, Umeda and Browman, 1973; Umeda, 1975). The ' effects

of phonetic environment are well documented (Peterson and

Lehiste, 1960; House, 1961; Raphael, 1972) as is the per-

ceptual load associated with variation in voicing (Danes,.

1960; Raphael, Dorman, Freeman and Liberman, 1975;

Lehiste, 1976). ‘
Duration varies with lexical stress and together with

F0 serves as a cue to the stressed/unstressed distincﬁion
(Parmenter and Trevifo, 1935; Fry, 1958; Morton and Jae-"
sem, 1965). The relative coﬁtributioné of Fy and duration
in lexical stress may Qary depending on certain syntactic
and scmantic highlighting considerations (Nakatani and

Aston, 1981). Most of the vériation in duration occurs in

the unstressed vowvel with stressed vowels being up to 50%
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lunuuf Lhan Lheir unstressed counterparts (Parmenter and
Irevino, 193%).

Synbax condilions duralion bthrough phrano-final or
prepausal lenglhening which may increase syllable duration
by up Lo 30% (Gaitenby, 1965; Klatt, 1976). Oller. (1973)
has shown thut vowels in nonsense word-final syllables are
longer than when in other pdsitione., Klatt (1976) sug-
gests that only phrase and clause final lengthening arelaig-
nificanl and Lhat Oller's results ﬁccurred because of con=-
founding of word final and phrase fihal effects. These
duration differences appear to serve as juncture cues
(0'Malley, Kloker and Dara-Abrams, 1973; Lehiste, Olive and
Streeter, 1976;'Streetér, 1978). Of 8ll the factors that in-
fluence segmental duration those that have the greateet.ef-
fect are voicing of the post-vocalic consonant and phfaae
final lengthening (Klatt, 1976). There is, hovever, some
question as to the .generalizability of these duration dif-

ferences (Umeda, 1973; Harris and Umeda, 1?74).

Comparison of Speaking Modes

Temporal Phenomena

In this context comparisons will be made between spon=-
taneous versus read speech, as well'as betveen and among
readings of diffgrent kinds of material, The bulk. of these
comparisons is conce£ned with speaking rate. |

Conpcntionai'wisdom vould auégest that people speak

more slowly when they are reading than vhen they are speaking
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aponlancously. Cwmprical evidence suyggeots Lhal Lhis is

nol ncceusarily the case. Zwicky (1972) and Shockey

(1975) have bolh found thal some speukers speak more rapidly
vhen they are btalking aspontancously, while olther speakers
speak faster when they are reading. With bolh of these in-
vesligalors' work it is nol clear what is aclually being
measured since the mcdsﬁrou they used confounded duration

of linguistic segments and duration of pauses.

In Lwo studies concerned with intelligibility of speech
producecd at different speaking rates Pollack and Pickett, .
(1964) found that "slouw" coﬁQersation vas almost as rapid
as "Fasf" reading. This suggests that while there is
overlap in Lhe ranges of rates of spontancous speech ‘and
rcading, spontaneity in general results in grecater speaking
ratcé. |

Goldman-Cisler (1961b) compared spcaking rates for
different dcgrces-of spontaneity in unplanned descfiptions
and jnturprclations of captionlcss cartoons. She found tﬁat
degree of spontaneity and habit-sFrength affccted speaking
rolc, while level of verbal planﬁing or propositional value
did not. Speaking réﬁe vas shown to héve an inverse re-
.lutionship wvith degpce_of spontaneity, but a direct re-
lationship with habit strength. In these investigetioné
pausal time was carefully defined and shown to be the pri-
mary factor affecting speaking rate.

The range of rate variations in conversational speech
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may be on the average of only 4.4 to 5.9 syllables per
second (Goldman-Eisler, 1956) or about 264-354 words per
minute. This range of rates for conversational épeech
appears to be sibnificently greater thén that obtained for
reading of the Rainbow Passage (Fairbanks, 1940), 167 to
226 words per minute (Gilbert and Burk, 1969).

Most of the studies on speaking rate have not compared
read and spontaneods sbeech, but rather have been concerned
vith different reading modes. If degree of carefulness
vithin rcad speech modes is ordered, certain inferences
can be drawn concerning how the variables under considera-
tion might change with spontaneous speech which is presum-
qbly‘lcss careful than the least careful read speech.

Significant variation in épeaking rate has been found
to be associated with material read in different contexts.
Molter (1974) observed increased raté of selected words
vhen sentences were read in narrative contexts compared to
vhen they appeared either in unrelated lists of sentences or
embedded in carrier phrases. Identical sentences appear to
be read more slawly when in random list order than vhen read
in narrative context (Umeda, 1978).

Relative duration of speech segments may.change vith
gstructure of the speaking situatioh. Vovel duration had been
found to véry‘significant;y vith. the number of syllables per
vord (Lehiste, 1970; Barnwell, 1971; Klatt, 1973; Lindblom,
1963) wvhen measurements were made of nonsense Words, lists

of words, and words in short phrases or carrier phrase sen-
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Lences.  IThis vowel duralion dependency on number of syl-
lables per word appeors nol to function in the connected
context mode (Unedn, 19723 Hoerio ond Unodn, 1974). Harris

and Umeda have suggested that prosody may plouy a different
role in varlious upcuking modes.

A salient feature nssociated with spontancous speech
is the prcscﬁco of hesitation phenomena: repectitions, false
starlys, filled pouses and unfilled pauses (Macklay and Os-
good, 1959). Unfilled pauses are more abundant, of longer
duration and occur more frequently within phrase boundaries
for spontanecusly produced speech samples (Goldman:Eisler,

1968). '

Low-level Phonetic and Phonological Differences

Shockey (1974) e#amined phono}ogical and phonetic re-
ductibns in ie#ically identicai read and épontanéous uétef-
ances. She found slight quantitative differences in lov-
level processes between the two épeaking styles, but no
qualitative ones. Some of the properties tﬁat vere found to
- be more heavily represented in spontaneous speech wére schva
deletion; monophthongization, voﬁel centralization and flap
deletion. Zwicky (1972) investigated phonoiogical charac-
teristics of casual speech and aséumed that the reductions
vere a consequence of greater épeed as a function of decreased
fbrmality.

Lindblom (1963) caﬁe to a eimilar_concldsion regarding
vowel duration. He suggested that. reduction of acoustic

vovel space was a function of greater speaking rate. While
. ‘ -

r
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speaking rate is probably one of the variables that af-
fects vowel reduction, other factors éuch as style (Shockey,
1975) ond degree of ulrmm (Gay, 19783 Harreiu, .l‘)_';ﬂ) con;-
tribute Lo ths phonetlc process.
Labov (1966) investigated the absence of preconsonantal
and final /r/, oubstitutions of /d/ ond /t/ for /%/, and /8/,
and increuase in relative height of tﬁo vovels. Each of these
phonetic changes increased as speech became more casual.
Smith (1978) used a technique similar to Shockey's
(1973) approach for eliciting lexically identical spontaneous
and read utterances from deaf children. She found thét for

80% of her population, the read versions of utterances vere

more intelligible than their spontaneous counterparts.

Conclusions .

There is a large body of literature on F0 and durétion
cataloguing'the numerous factors which affect these para-
mceters of the speech signal. Most of these investigations
have been carried oqt on read sentences. A few studies have
.becn done comparing temporal phenomena for readings of dif-
ferent kinds of materiél and comﬁaring spontaneous and read
speech. Only Shockey (1973) and Smith (1978) have used
lexically identical read and spontaneous utterances. Given
the extensive and multifaceted role that F0 plays in speech,
.there is clearly a need to investigate its function in dis-

tinguishing between lexically,identical rcad and spontaneous

utterances.
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CHAPTER III -

PROCLCDURE

Cliciting Read and Spontaneous Speech Samples

In order to make comparisons between recad and spon-'
taneous speech'it vas neceésary to elicittlexically identi-
cal utterances under both speaking conditions. This was
done by recording speakers in unplanned discussion, transcri-
bing this spontaneous speech and having the speakers read
their transcribed conversations.

In obtaining the spontaneous utterances it vas neceé-
sary.té compromise.between the need for an appropriate écdus-
tical environment and the need for recording conditions that
vould encourage spontaneity. The speakers had experiénce in
makihg recordings and appeared able to speak with a reason-
able degree of spontaneity and fluency in‘a reéording booth.
Originally four speakers were recorded (two male and two
female) but one of the female speakefs vas eliminated because
her conversation contained too feu of the syntaéticélly sim-
ple sentences that were to form the bulk of the corpus.

‘A topic for discussion was sqggested before-tﬁe re-
cording sessions althohgh speakers were told they could talk
about anything, including their feelings about the recording
booth and the recording session., The conversations were

dialogues either between the investidator and the speaker

(CF) or between tvo speakers (JP and KM). Approximately
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one-ha;F hour of spontaneous spéech vas recorded for each
of the three speakers.
The conversations were transcribed adhering as closely
" as possible to the original utteraﬁées. Althpugh false
‘starts, repetitions and filled pauses were climinated and
syntax was correctéd in the transcriptions, only a minimum
amount. of change was made in order to hake the spontaneous
“utterances suitable for reading. The transcriptions were in
the form of a scrﬁpt for a play. Each speaker's part was
marked by his or her initial. Speakers first read thé vhole
£rans§ribed‘convérsatiqn without having seen it, then re-
read it twice. They were unaware that only certain sentences
. vere of interest. For the present investigation only sen-
tences from the initial reading were used. Approximately
'twd veeks elapséd between recording of the sbontaneous con=-
versation and the read transcription.
| Two of the speakers (KM and CF) have lived in northern
New Jersey all of their lives. The.third (JP) is a native
of Brooklyn, N.Y. and appears to use a dialect consistent
with that geographical area. |
- There was a great deal of variability among speaking/
reading styles. KM was an extremely articulate speaker who
tended to dominate the conversation. His spontaneous speech
contained a large number of false starts. These may have
been a mechanism he used to retain the conversational ball
‘during verbal planning perioas. KM's reading was fluent.

When lexically identical spontanéous and read items vere
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compared, they sounded very much alike. His reading sounded
rclatively spontaneous anq ﬁot at‘all stereotypic. KM's
reading might be compurudrto that of well-Lrained news-
casters wvho have learned to avoid a blatantly obvious read-
inyg gstyle. |

~In comparison to KM} JP was somewhat less Fiuent and -
less -articulate. He tended té have filled and unfilled
'pauécs, and repetitions in his speech when he was involved
in verbal planning. These differences between KM and JP may
have partiall§ been a function of KM's greater experience
in doing recordings for speech research. JP was a stereo-
typic reader who sounded like he was reading vhen he read.
Of the three speakers his speech seemed to differ the most
between read and spontaneous versions.

CF presented 'a diffefent picture altogether. Hér spon-
taneous speech sounded somewhat hesitant, more so than it
ordinarily does. This was the first time she had been used
- as a-gpeaker for speech research at Bell Labs. CF's readf'
speech wvas more expressive than her spontaneous speech: She
abpeared more formal when speaking santaneously than she
did when she read. This subjective observation may exblain

some of the trends found in her data}

~ Description of Corpus
From'qver 400 uéterancee generated across speakers,
66 vere excised to be used in this study. The Utterances

vere chosen to conform to the following criteria:
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1. Were produced with no perceptible background
nbise, é.g., movement of a chair or infer-
ruption by the other speakép

2. Cpntained no fiilcd pauses, repetitions,

false stérts, léughing, coughing, ectc.

3. Cdntained no obvious low level phonetic

diffcrcnces between the two versions, e.qg.,
'"gonna" vs. "going to"

4. Were statements

5. Were grammatically acceptable for written

language

Seven of the 66 utteraneés vere eliminated from use in
the perceptual study because of syntactic complexity. Six
of these were used as practice items and were included in
‘the acoustic measurements.

Not all of'the utterances were complete sentences.
These were either one word utterances, phrases or dependent
clauses. Lists.of the utterances uéed are in Tables 1, 2
and 3. There are 25 utterances for CF: 19 sentences and 6
sentence fragments. KM had a total of 21 utterances: 18
sentences and 3 fragments. For JP there were 20 utter-
ances: 13 sehtences and 7 fragments.

It wvas originally intended that unfilled hesitation
pauses would be a controlled variable with half the utter-
~ances containing such pauses and thé other half not con-
taining thém. In this context a hesitation pause is defiAed

as a silent period in excess of 25 cs. Upon close examina-
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TABLE l.--Utterances for Speaker CF

bya.

'No;

This is what frightens men.

Feminigm,. ‘

This is just what men are afraid of.

Cverybody's freedom might be considered a threat

to someone else.

If you're satisfied with‘it, then you are developing
yourself.

1 didn't assume that.

I Have a list of things I won't do. N

You dén't know who contributed how much.

That's between you and me and the microphone.

But I will start to do that shortly.

1 should be, but I'm not.

It has been sUggestéd to me that I spend ﬁore time
on that. ‘

I'll have to make some positive plans.

Something that they need.

You'll help me do that.

That's effective communication.

Yeah.

Norrie.

You said a Tuesday would be good.'

Next Tuesday's no good.
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TABLE 1.--Continued

b22. You know there's a Chinese restaurant in Plainfield.
23. I know of a good Italian restaurant in Plainfield.
24, .Maybe you should try it in your sncakers first.

'25, I specifically asked her about articulation.‘

a Sentence fragments

b Not included in the perceptual study
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TABLE 2.--Utterances for Speaker KM

1.- There is no N.Y, written accent.
2. Tlhey're losers.

3. They're not as healthy.

4. This is an aptitude test.

5; It measures innéte ability.

6. They tend to lose things literally.

9. 1It's almost a psychological thing..
10. Not one of them had to do with teaching.

14. That's the mark that you've made it.
15. I can't get that excited about the SAT scores falling.

16. I don't think that's our job.

18. Some European systéms work'that wvay but I couldn't
see it.

19. We've alwvays been cranking out kids who were only
marginally literate.

20. I've never seen the room that Norm's in.

2;} I've never even seen it.

"22. You read the same language.

23. fhat's alvays the instinct.

24, No, he couldn't. .

825. And the others found jobs where they could be

trained.



TABLE 2.-~Continued

8926. And you wonder how they're going to make it. .

i5,,-

27. Bul they're not the ones taking the SATs.

a Scntence fragments

b Not included in .perceptual task

34
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TABLE 3.-~Utterances for Speaker JP

1.

“2- )

9.
10.
ll.

%14.
a15.
16.
17.
318.

19.

20,

I'm not teaching the brighter kids.

Well, first of all, lct's look at it from the math
angle.

They don't have that answer in their head.

But I have the average kido. :

I don'l have any of the advance classcs.

You know he'll be able to divide hcntally in his
hecad.

But the slower kids can't do it, and they don't
vant to do it.

In a graduate course one professor said something
that made so much sense.

We can't send everybody to college.

Hé's got a personality that doesn't quit.

He can liven up any conversation.

No.

Their lack of ability in just fundamental arithmetic.
He'll pick it up. '

He says, "You know sémeone's got to be a Qarbage'man."
Eddy Vent.

He's excellent with his hands,

He's a dynamiée person,



TABLL 3.--Continued

21. 1n the sense that he doesn't sit down and read
n book.

22. 1 still find that utterly amazing.

a Sentence fragments

b Not included in perceptual study

36
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~ tion of Llhe upcéch that was produced it was scen that hesi-
tation pduses rarely occurred with fluently producedlsyn-
tacticanlly simple ncﬁtcncnn. 0f the 66 utterancos only two
(Cru‘nnd KM6) contained pauses. Their durations were lld cs
and 33 cs requcLively. |

| The absence of hegitaltion pauses might be anticipated,
since the range of sentence lengths is only four to seven-
‘Leen syllables, with a mean of 8.79. IFf the sentence repre-
scnts aﬁ "apperceptive unity" as has been suggested (Blﬁmen-
thal, 1970) and hesitation pauses function as planning time
for the speaker (Goldman-Eis}er, 1968) it is not surpfising
‘that hesitation phenomena should be sparse in fluent, rela-
tively short simple sentences. Presumably the simple sen-
tence represents a complete thought, the elements of which
are likely to have been generated in a'wholistic vay rather
than pieced together as an associative string.

The primary liability associated with-investigation of
spontaneous speech is the inabili&ybto control the lin-
guistic structure of the utterances that are generated.
Certain syntactic strﬁctures or tokens of speech'segments
may be required for a particular analysis. Whether or not
these will be_available.cannot be prediéted.

Much of the ehphaéis of the present study was on thé
fundaméntal frequency contour. ‘This acoustic phenomenon
is extremely sensitive to minor syntactic variation, lexi-

cal choice and semantic emphasis. None of these three
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variables wvere cqntrollable to any great extent. In
sulépLinq'Lhc utterances, ecvery effort was made to kéep
Lhem oy synloclically homogencouus as pouswsible. Given that
the utterances had to conform to the five criteria listed
above, there was little room for syntactic weeding. There-
fore, the utterances of the corpus exhibit considerable

. syntactic heterogeneity.

A siﬁple structural breakdown of the utterances is
provided in the Appendix. There are certain similarities
among some of the utterances, but many more differences.
The vast majority of them have either a personal or demon-
strative pronoun as the subject noun phrase. Frequéntly
this.pronoun is contracted with the copula or auxiliary
verb. There are as many breakdowns qf the main predicate
verb phrase as there are sentences. This heterogeneiﬁy may

account for much of the variance seen in the data.

Computer Facilities

Completion of the present study depended on use of the
computer facilities in the CommUnication and Speech Analy-
sis Department at.Bell Laboratories in Murray Hill, N.J.
The system éonsiéts of two computers, a Digital Equipment
Corporation PDP ll/45 (Capacity: 128,000 sixteen bit words)
“and a Syétem'Engineering Laboratories (SEL) 75 (Capacity::
64,000 thirty-two bit words). These two systems are con-
nected by hardvare and softvare and share a single hier-
archical file system. The SEL terminal (vhich is one of

four SEL units connected to the PDP 11/45) provides inter-



39
active time-shared access to the PDP 11/45 which is the
main storage system. 'Communicption hith the programs of
the SCI in done through a Tektronix Memoscope and a key=-
board. A Hewlett-Packard Display Unit provides visual re-
pregsentations that include the acoustic waveform, pitch tracks,
and spectral scctions.,

The SCL software system includes an array of inter-
aclive progfamu for nnnlysis,‘editing and synthesis ofgspeech.
-For the present study progrnmé performing the following tasks
verc utilized:

l. Digitization of the speech wave from audio tape

at 10,000 samples pér second.
2. Examination and editing of the speech wvave.
The speech editing program yields a visual re-
presentation of the.digitiied speech wvave wvith
a cursor that can be located at any sahple point.
By placement of the cursor it is possible to
define the boundaries of ahy segment of speech
for audio playback and/or permanent storage in ‘
a speech file.
3. Automatic calculation of the mean Fj; of the
speech signal between any two designated
sample points (which differed by 10 msec).

4. Extraction of fourteen parameters of the
speéch signal, It is ‘possible to obtain Fo
and relative amplitude values; these are pre-~

sented at teh milli-second intervals, The F0
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values arc derived through an FU tracking
algorithm that averages over two to three
piteh porioda, These values are then used in
a Lincar Predictive Coding (LPC) analysis
which yields twelve pscudo-area parameters
representing spectrum. tPC»analysis is a
method of representing speech with a greatly
reduced amohnt of information. Instuntunedus
amplitude values are compared with a number of
previous onegg invthis case the number is
twvelve. Differences between an instantaneous
aﬁplitude value and.earlier amplitude values
reflect the cross sectional dimensions of the
vocal tract along its length.

Synthesis of sentences from the fourteen speech
signal paraﬁeters. The FO’ amplitude and LPC
parameters can be used to generate high quality
synthesized speech.

Manipulation of speech parameters. There is

a program wvhich allows the value of any sample
point to be altered for any of the fourteen
parameters described above.

Generation of audio tapes. Audio tapes can

be prepared using a playback routine with any

specified format.
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Porceptual Experiment

Purpose

Given the nced to reclate possible acoustic dif-
~ferences belween rcad and spontanecous specch to listener
judgmchts, a perceptual experiment was ponducted vith three
purposes. First of all, the perceptual task was designed
to discover to what extent listeners could correctly iden-
tify utterances as having been read or produced spontaneously
vhen the utterances wvere presenté& individually and out of
context. A seéond purpose of the perceptﬁal experiment was
the assessment of the role of F0 contour information in the
S/R distinction. The final purpose of the perceptual study
vas to obtain information upon which to base a choice of

acoustic measurements.

Preparation of Stimuli

In order to assess the contribution of F0 contour infor-
mation to the S/R distinction it was necessary to present
both read and spontaneous versions prepared under two con-
ditions. The first of these vas the unaltered condition
(UA) in which the sentences vere excised from the dialogue,
digitized, submitted for LPC analysis and synthesized, but
not otherwise manipulated.

The other condition was the altered one (A). Sentences
vere prepared for the A condition through use of twvo of the
interactive programs on.the computer facility described above.
The initial step in generating the A versions was to calculate

the average F0 across voiced segments for both versions of
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cach of Lhe utlerances. Then the FO contours wvere flat-
Lened at Lhe level of Lhe mean FO for each version. This
was nccomplished Lhrough setting Lhe FO of the initial and
. final samples of each voiced segment to the mean FD and
smooLhihg the oontour between them. Contour movement was
climinutcd while differences in ‘average FO between versions

vas preserved.

vPercegtual Judgments

Participants in the perceptual experiment listened to
two repetitions of each utterance in‘isolation and wvere re-
quired to make two judgments. These judgments,were vhether
they thought the utterance was read from a text or was spoken
spontaneously, end how confident they were in their choice.
In addition to these quantifiable results, listeners wvere
asked to indicate_the.basis upon wvhich they made their de-
cisiohe.. Copies of instructions to the listeners and the

response sheets are in the Appendix.

Listeners and Experimental Design

Forty sophomore and junior speech majors enrolled in a
course in artlculatory phonetlcs at Douglass College served
as listeners. The perceptual study was conducted at the
oeginniog of the semester so that these listenere could still
be considered phonetically naive. The forty listeners vere
divided up into four groups of ten subjects each.

Each of the sentences listed in the corpus occurred in

four different versioh/condition combinations: UA/S, A/S,
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UA/R and A/R. Given a Ltotal of 59 sentences across
speukers, bwo versions (R and §) and two conditions (UA
and A) Lhere was o Ltolal of two hundred thirty-six (236)
senlences used in the perceptual study. In ordgr.to avoid
_the effeet of prior presentation of a version/condition
combination on later occurrénccs of the samec utterance in
other version/condition combinations, a Latin square type
presentation was used. In this type of experimental schema
all possible factorial combinations appear only once. Fol-
lowving is a breakdown of the version/condition/uttefanQe

combinations heard by each of the four listener groups.

Utterance Version/Conditions Heard by Each Group
Numbers Group 1 Group 2 Group 3 Group 4
1-15 un S A S A R UA R

16-30 A S UA S UA R A R

31-45 ~ UA R A R A S UA S

46-59 AR UA R S A S

UA

Thig brecakdown limited the listeners Qithin each group to
hearing each utterance only once, but expoged them to all
possible version/condition combinations.

Ail utterances>for,a given talker were presented in
a quck, with.presentation of utterances randomized within
it. Order of presentation of talkers was varied so that
each speaker vas presented at least once in first, second

and third positions.
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Practice

Cight practice utterances wvere included at the beginning
of cach Lulker block. These practice items consisted of two
" sentences. vhich had been deemed syntactically inappropriate -
for the perceptual study in'cach of the four version/con-
dition combinations. Exposing listeners to all four ver-
sion/condition combinations .during the practice session wvas
done in order to familiarize them with the strange sound of
the allered versions as well as to allow listeners to normal-
ize to each speaker's S/R differences.

The block of practice utterances was the same for each
of thé four listening groups. The listeners were not ap-

prised as to the practice status of the introductory items.

Acoustic Measurements

Duration
Threce duration mecasurements were made for each version

of all the utterances. The first of these measurements was
the overall utterance duration. Through comparison of the
duration of the two versions the presence of consistent
differences 'in speaking rate could be observed.

»‘fhe seéond duration measurement was the length of the
final syilable in the utterance. It was used in conjunction
vith the overail Utterance duration. in calbulating the Final

Syllable Ratio (FSR):

duration of final syllable
overall utterance duration

FSR =

A higher FSR for one version of an utterance indicates that
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the finul syllable for that version was proportionally
longer Lhan the Final sylldblc for the other version. This
ratio was calculated in order to investigate possible dif-
ferences in sentence final lengthening effects between read
and aspontancoun vergsions.

A third measurement made was of the duration of the
tvo syllables in all bisyllabic words. The Stressed/Un-
slLressed Syllable Duration Ratio (SUR) was then calculated
to point up possible differences in the durational effects
ussogiutcd vith stress differences., The list of bisyllabic
vords for cach of the three speakers is found in the Appendix.

inhbfent in the measurement of syllable duratiohs is
the problem of parsing Lhe speech stream, which is not seg-
mentable in any absolute sense. Many of thq segmentation
qecisions faced in obtaining these duration measurements
vere relatively straightforwvard. .That is, they requifed de-
" fining a boundary between phonemes prﬁduced by articulatory
maneuvers that yield vastly differentvspectral effects.
Abutting phoneme contexts that produced abrupt spectral
changes included switches between fricatives and syllabic
nuclei.

For certain other contexts the decisions were more
‘pfoblematic. In these less straightforwvard cases heur-
istic strategies were specified in advance to assist in
making consistent, although somevhat arbitrary decisions
across versions. The specifications for segmentation de-

cisions in these problematic cases are given belowv.
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Abutting stops. When tuo stop consonants are con-

tiguous the first of them is not ordinarily released. The
resulting elimination of the presénce of a burst or aspi;é-
tion for the initial stop.yields a common closure period

~ for the two plosives. For purposes of specifying syllable
boundaries in the cases of adjacent,plosi&es.half.of the

closure was assigned to each of the conjoined syllables.

Abutting nasals. The‘sol? instance where isolating
the final syllable required separating conjoined nasals vas
CFiZ vhere the tvo syllables vere "I'm not." The phonemes
/m/ and /n/ are said to be distinguishable on the basis of'
differences in the degree of second formant tranéitions ‘
(Fry, 1979). In the present case this difference was not
obvious. Therefore, half of the nasalized portion was as-

- signed to each of the two syllables.

Abuttlng fricatives and affricates. There'wefe four
1nstances where segmentatlon dec151on arouna con301ned
fricatives had to be made. 1In each of these cases ( z-f

z-h, Q/Fs;s and z-h) the dispersion of fricative enérgy
or the presence of the lov frequency voicing bar was suffi-
cient for disjunction of the two fricative segments.

Abutting vocalics. There vere two instances of abut-

ting vowels (i- 5/ and /ﬁ 1 /' ) and four of vowels ad-

joining semi-vovels. (/;) -1 N- I/ o= I/ and /1- I/)

In each of these cases the movement of the formants and/or in-
creases or decreases in overall energy reflecting changes in de-

gree of mouth opening verec considered sufficient basis upon which

3
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to make judgments as to phoneme/syllable boundaries.

Word medial semi-vowel. The final word in CF1l9 was

"Norric." lalf of Lhe /r/ durstion was assigned to the

first syllable and half to the last.

Fundamental Frequency.

Average fundamental fFrequency. One of the programs on

Lhe SCL sysbtem described above yields the average funda-
mental frequency between any two sample points. This
averaging was done across all voiced segments, and a mean
for the voiced segments was derived for each utterance.

Fundamental frequency range. The high frequency and

lov frequency points for the two versions of the sentences
vere determined through visual examination of the pitch con-
tour. The Frequency.bf each of these points was then read
directly from the display screen of the computef system.

F, range was‘calcﬁlated as the difference between these high

0

and lowv points.

F. Contour Analysis
T

Problems. The fundamental question being asked in
the investigation of pitch contours concerns whether there
"is a consistent difference between the patterns of F0 move~-
ment for the two versions. Such a query involves both the
global declination effect and the more subtle localized
attributes. Given the higﬁly gsubjective nature of judgments
about declination and localized attributes, a more deéirable
approach to pitch contour analysis would make use of some-

vhat more objectively defined parameters. For the present
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experiment an attempt was made to capture certain regularities
in the pitch contours through examination of pitch peaks.
One level in Lhe perceplion of FO contours probuably involves
attention to the relative height of FU peaks. Pierrehumbert
(1978) dcmonstrated that listeners can make judgments based
on differences in FO peak rclgtionshipu. Specification and‘
~mecasurcment of FO pecaks is somecwhat less subjective than the
‘druwing of docliﬁaLion lines by eye as was done by Maeda
(1976) .

Before doing any further it is important to state an
assumption that ostensibly underlies the use of F0 peak
measurements in describing declination. This usage facitly
implies acceptance of a theory that explicates intonation
on tﬁe basis of F0 levels rather than F0 change. Such a
theory relegates'the 1oqal movement of F0 to.the realm of
artifact, a result of travel from one level F0 to another.
In the present case the decision to examine.F0 peaks is
completely pragmatic and theory-free. Given the current
state of knowledge about the appropriate way to characterize
the Fd contour, use of any other methods seems rash.

While the decisioﬁ to look at Fo peaks rather than the
more elusive components of F0 curves renders the task'of FO‘
contour analysis somewvhat more objective and manageable it
by no means charts.a trouble-free cdurse. The difficulty
stems from the fact stated above that localized movements
of F0 contours have no representation wvithin an F0 peak

analysis system. The elimination of this kind of information
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is unfortunate because it may serve to obscure significant

factors.

Wilh Lhe posscibility of localized movements being a
potentially fertile source of information, a concerted
effort was made to establish a protocol for examining local-
ized agtributcs. These efforts rénged from attempting to
superimpose Dutch group patterns on the contours, to essay-
ing a quantification of FO rises and falls betveen FO peaks.
These Attempts vere futile., It became obvious that due to
the exploratory nature of this study, the syntactic hetero-
geneity of the.utterancgs; and the lack of definitive de-
scriptions of localized aﬁtributes that investigation of
them in this instance would be premature and inappropriate.

Having acknowledged a primary drawback to FO peak ahaly-
sis, some of the probléms'directly related to.F0 peak measure-
ments‘shquld be enumerated. The first step in an F0 peak
analysis must be to detérmine the location of the—peaks of
interest. F0 peaks are superimposed on a declination line.
Since a specification of the slope of this gradually falling
F0 base is elusive, it is frequently difficult to define a
significant FD peak. Is each point which is preceded by a
rise and followed by a fall in F0 to be considered a peak?
Or are only those points with a certain amount of prominence
in a visual display to be called peaks? Given a steep base-
line declination slope; a perceptually significant peak may
be visually less conspicuous than an insignificant one suber-

imposed on a more gradual slope.
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The prablcm of relative Visual salience of peaks is
further exacerbated by certain segmental effects on the FO
contour. The most obvious of these segmentul effects is the
high F, associated with voiceless consonants. A visually
prominent FO peak may be an artifact associated with the
vnicclnnn.connundnt cnvironment.

The assumption is being made that peaks in the FO
contour relate in some way to sentential stress. Most
stressed syllubles arc associated with a peak in the FO con-
‘tour although all FD peaks are not necessarily related to
stressed syllables. Given this lack of a one-to-one cor-
respondence between Folpeaks and stressed syllables, and fhe
problem of salience of F0 peaks it is obvious that the speci-
fication of which peaks are to be measured must be made in-
directly. That is, one cannot determine which peaks are im-
portant through inspection of the peaks themselves. A per-
ceptual judgment of stressed syllables over the course of
the utterance must be made to determine the important peaks.
The procedure for stress assignment is described in the fol-
lowing section.

If the validity of.using stress judgments is accepted,
the oversimblificﬁtion inherent in doing so must be acknov-
ledged. Although increase in F0 has been shown to be a
primary acoustic correlate of stress, duration can also vary
significantly with stress level. The role of duration in
stress marking and stress perception may assume greater im-

portance for certain speakers and for certain syntactic



conlexts (NukuLuni‘und Aston, 1980).

The sitdﬁtion is relatively straight-forward when
ntroon io codod in FO chango. It bocomos brohlomntic vhen
duration assumes a prominent role. Phonectic changes re-
fleclted in thc gpectrum may also serve as cues to stress.
diffoerceneces. The poltenltinlly nogative conscquonces of ig-
noring duration also holds for disregarding the phonetic
varialions. Given that the comparisons being made are
vithin spceokers and for identical lexical strings the risks
associated with neglecting durational and spectral roles in
stress are minimized, although not eliminated.

The difficulties discussed so far are inherent in any
investigation of FO contours. In addition there are at least
tvo problemsjspecifically related to the present study. The
first is that the utterances are so syntactically varied.

An attempt was made to choose utterances that vere as similar
as possible, but the way in which the conversation was gener-
ated disallowed control of this variable. The utterances
vhich would also be considered complete sentences are broken
down into their constituent elements in the Appendix. The
second problem unique to this study is that there are some
utterances where the main sentence stresses appear to be in
different positions. In this case F0 peak relationships and
placement are confgunded.

| These are the most obvious problems associated with an

F0 analysis. Having fully acknowvledged the hazards involved
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in such an undertaking the next step is to describe the

procedure,

SLraotegy for locating 'y peaks. The fFirst step in
L]

this pragmatic straleygy was to identify the perceptually
relevant stressed syllables. This was done through in-
dependent judgments by the present investigato£ and a
spcech/ianguage‘pathologist wvith training in articulatory
and linguistic phonetics. The few instances where the two
judges were in disagreement wvere discussed and accord was
easily rcached. This procedure is admittedly completély
subjective. Hovever, when considered from the vantage point
of the established alternatives it seems the most feasible.
The syllable associated vith the designated stressed
syllable was located through visual and auditory examination
of the pitch tracks. One of the programs on the computer
facility that was used for processing and manipulating these
utterances allowved great flexibility in viewing and listening
to speech éamples. Specified segments of speech of any dura-
tion (as small as twenty milliseconds) could be displayed
alone on the screen or listened to in isolation. The stressed
syllables were isolated through this facility and the highest
frequency point within each syllable was taken as the F0
peak. No attempt was made to locate the midpoint of the

vocalic portion of the syllable or even to assure that the

pcak was associated with the vocalic portion.



53

Organizalion of [, peak information. After the FO

peaks were identified, located and measured the data were

organized in the Ffollowing waya:

1.

A Relative Penk Height Pattern (RPUP) was
derived for cach uLLurnncc. Ihis was donc

by deaignaling Lhe highost peak ns 1 and nsg-
signing éonsecutivcly higher numbers to the
peaks in declining height order. Differences
in Lhe RPHPs between the two versions (S and R)
verc noted. This relative numbering of FU
peaks resembles the stress level notation
system of Trager and Smith and other American
linguists. The present usage, however, is
based on instrumental measurements rather
than subjective stress judgments.

A numerical representation of the relation-~
ship between the F0 range and the F0 peak
movement was obtained through the calcula-
tion of the Peak Range Ratio (PRR). The

formula for calculating this ratio is
P P
PRR = . " = 1
FU range
vhere Ph'is the highest peak in Hz and P1
is the lowest peak in Hz. The numerator

of this fraction indicates the range within

which the peaks moved. The ratio itself



reflects how much of the total range

vas traversed by the peaks. A higher PRR
indicates that peak movcmént covered a
lurger portion of the total FU range. It
algso can be interpreted as evidence of
greater movement of the peaks.

The Decliaation Range Ratio (DRR) was cal-
culated in an attcmpt to obtain a relatively
oquctive indication of the F0 drift from the
beginning of an uttecrance to the end. The
formula for calculating this ratio is

Pe _ Py

F0 range

DRR =

PF is the value of the first peak in'the
utterance while Pl is the value of the last
pecak. All intervening peaks are ignored.

A higher DRR indicétes that there was greater

downdrift for that utterance than for another

utterance with a lower DRR.

54



55

CHAPTCR IV

RCSULTS

Spontancous/Read ldentification Task

The détu from the S/R discrimination task arec given
" as perceent read judygments in Tables 4, 5 and 6 for each
of the four vcrsion/condition combinations. .Rcsults of the
ANOVAs for these data are given in Table 7. All statistical
analyses in this study were done individually for the three *
speakers because each speakef had different sentences. The
data are presented graphically in Figures 1, 2 and 3.
inspection of the data in tabular form and the results
of the ANOVAs show significant effects for both conditions
and versions. For all three speakers there vas a signifi-
cantly larger proportion of read résponses for thq A con-
dition than there was for the UA condition. F0 contour flat-
tening was accompanied by an increase in the number of read
responsé*; This relationship held for both spontaneous and
read versions.

The data show a significant effect for versions for KM
and JP. Read utterances were judged read a significantly
~grea£cr number of. times than éhéir spontaneous counterparts.
CF's data showved é lack of significance for vérsions.

While the percentages of read judgments are useful in
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TABLID 4,--Conlinuved

ua A
Utterance S R , S R
Number
23 50 40 100 80
24 0 20 B0 20
25 50 0 100 50
Mecan : -’401 ﬁl.‘t 6703 7901

Note. Some numbers are missing because the utterances

were climinated during the course of the study.
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TABLL 5.~~Percent Read Judgments by Conditions and
Verusiong for Speaker KM (n=19)

UA A
ULterance S - R S R
Numbor
1 70 60 100 100
2 | 0 0 60 60
3 0 90 0 0
4 50 0 160 100
5 20 60 30 30
6 0 40 70 70
9 0 60 40 40
10 0 30 80 80
14 60 0 100 100
15 10 60 60 60
16 | 20 0 60 .60
19 10 10 . 70 70
20 i 50 90 90
21 0 0 50 50
22 30 90 100 100
23 20 60 80 80
25 40 50 - 80 80

26 o 50 40 40
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TABLE 5.--Continucd

UA : ' ‘ A
Utterance 5 R S R
Numbaoer
27 0 70 20 20
Mean 17.4 41.0 ' 64.7 77.4

Note. Some numbers are missing because the utterances

vere eliminated during the course of the study.



TABLL 6.--Pecrcent Read Judgments by Conditions and
Versions for Speaker JP (n=18)

| UA A
Utterance S R ‘ S R
Number '
1 40 20 60 80
2 0 40 40 70
5 : 0 100 80 80
4 20 10 50 50
5 20 80 ‘ 30 70
6 0 40 60 100
7 0 50 _ 20 100
9 0 40 100 100
10 0 20 70 100
11 80 20 60 70
14 40 30 70 80
15 30 80 -~ 100 100
16 .- 60 80 T 70
18 4 40 60 100
19 80 70 » 70 100
20 100 - 50 30 20
21 80 20 20 30
22 60 40 80 60
Mean 36,1 46,1 57.8 76.6

" Note. Some numbers are missing because the utterances

vere eliminated during the course of the sfudy.



TABLL. 7.--Analysis of Variance: Percenl Read Responses

on /1 Tdentification Tnsk for Three Spoankers

Spcaker

CF

KM

JP

.**E

Source of Sums of
Variation Squares

Conditions (C) 454,54

‘Versions (V) 36,004.54

C x V 1,163.64

Within group 57,809.10

Total v 95,431.82

Conditions (C)33,264.47
Versions tV) 5,264.47
C xV 580.27
Within group 50,385.48
Total " 90,498.69

Conditions (C)12,272.22
Versions (V)  4,700.00
C x V. 1,572.77
Within group 35,050.00
Totads 53,594.99

.01

DF
1
1
1

84

87

- e

72
75

~

68
71

Mcan
Square

454,54
36,004.54
1,163.64
688.20

33,264 .47
6,264 .47
580.27
699.85

12,272.22
.4,700.00
1,572.77
515.44

61

F
Ratio

0.660
52.,317%*
1.691

47.531%*
B.951%*
0.829

23,809 %
9.118%%
3.051
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isoldting different response patterns among the four
vcrsian/condition groups, they do not yield a clearcut
‘unuwcr Lo Lhe question of the extent Lo which listeners can
make correct S/R identifications. An answver can be obtained
through examination of the responses of listeners to the un-
sllered ulterances. In order to evaluate perceptual separa-
‘tion of the lexically identical items, some indication wvas
- necessary as to whether a given response score was indicative
of chance judgments. |

A Chance Judgment Designation (bJD) vas assigned to each
of tﬁe utterances based on the percent of correct responses
for the two versions combined. The three assigned CJDs were
4, - or'O. Correct responses between 40% and 50% were con-
sidered indicative of chance judgments. Utterances with re-
sponse scores in this range received an 0 CJD. Correct
responses of 70% and higher were assumed to represent cor-
rect judgments that occurred at a'greater than chance level.
When the proportion of correct responses for an utterance
fell into the 70% to 100% fange it was assigned a + CJD.

For those utterances with correct responses between 0% and

. 30% a - CJD vas assigned. Percent Correct responses in this
lov range were assumed to refiect incorrect judgments at a
greater than chance level. Although these low-range scores
are.due to a high number.of incorrect responses, they in-
dicate that listeners were responding consistently.

The CJD data for the UA condition are presented in

Table 8. 0Of the 59 utterances used in the perceptual study,



TAULE 8.--Percentage of Utterances Receiving Each Chance
Judgment Designation (CJD) by Speakers

CJo

23

18

59

Speaker

KmP

53

10

37

56
11

33

Mean

42

14

44

66
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25 of them (42%) were designated as +. This means that
somewvhat less than half of the utterances could be identified
corrcctly as having been read or produced spontaneously.
Forty-four percent of the utterances receivedvan "g" CJD
in the UA condition. Eight of the 59 utterances .(14%) had
- CJbs.

When the numbers of ut@erancee in each of the CJD groups
are compared for the three speakers, the data for CF are eeeﬁ
~to differ considerably from those for the two male speakers.
‘More than half of the utterances in the UA condition received
"+" CIDs for KM (53%) and JP.(56%). In contrast, less than
a fourth (23%) of CF's utterances received the "+" designation.
The greater preponderance of "0" CJDs for CF (59%) as com-
pared with KM (37%) and JP (33%) suggest that CF's utterances
vere less readily identifiable. .

As part of the S/R identification task, listeﬁers vere
aéked to indicate the level of confidence in their judgments.
This was done in an attempt to see whether listeners were
more confident about their judgments of one or the other ver-
sions, or one or the other conditions. The number three wvas
assigned to highest confidence responses; a two to mid-level
responses; and a one to fhe lowvest level., ﬁean confidence
levels are presented in Table 9 by type of response (S or R)
for the four condition/version categories.

These data show that when listeners respond to un-

altered utterances the mean confidence level scores are



TABLE 9.--Mean Confidence Level Scores from Spontaneous/Read Identification
Task by Conditions, Versions and Speakers

Condition/Version Combination

Listener UA/S UA/R . A/S ~ A/R

response S R S R S R S R
Speaker

CF 2.42  1.91 2.43 2,10 2,17  2.05 1.91 2,19

KM 2.53 1.99 2.37 1.92 2.046 2.13 1.98 2.17

P 2.50 2.22 2.13 1.88 1.88 2.23 1.98 2.19
Mean 2.48 2.04 2.31 1.97 2.03  2.14 1.96 2.18

09
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‘higher when the reaponse they give is "opontancous." The
mean confidence level scores across speakers for spontaneous
rcoponses to spontancous utterances (2.48) is higher than
that for rcad responses (2.04). The mean confidence level
scores lor opontunebus responses to read utterances (2.31)
is higher than that for the read responsc (1.97). Listeners
seem more confident when they give a spontaneous response to
UA utterances.

Exactly the opposite relationship holds for the altered
mean confidence level scores. Read responses have ,higher
scores. For the spontaneous.utterances the read mean con-
fidence level score (2.14) is higher than the gpontaneous
one (2.03). Likevise, for the read versions the read mean
confidence level score (2.18) is higher than the spontaneous
one (1.96). .

This trend for the mean scores across speakers also
holds up when each speaker is considered separately, with
the excepfion of CF'sAaltered condifion. In this case the
spontaneous response to the spontaneous utterances (2.17)
vas higher than the read response (2.05). Again CF's data
are seen to depart from the pattern of the other two speakers.

The confidence level score results show no tendency
for fhe listeners to be‘more confident in making judgments
for one'or the other of the vérsions. Mean confidence level
scores reflected the condition. For the UA condition, spon-
taneous responses vere rated}more confidently; the opposite
vas true for the A utterances; the read were rated wvith

greater confidence.
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Acoustic Measurements

An alltempt was made to identify consistent acoustic
differencées belween the two versions. Measurcments wvere
~analyzed for all the utterances without regard to their
status on the perceptual test. The acoustic measurement
dula by versions ufe prescented in Tables 10 through 20.
In addilion, the ranges of data points for cach acoustic

variable are plotted in Figures 4, 5 and 6.

Duration Measurements

Three duration measuremqnts vere calculated. These
vere (1) overall duration of each utterance, (2) duration
of- the final syllable in the utterances and (3) the durationA
of both syllables in each bisyllabic word. Tvo other in-

dices were derived from the last two measurements.

Overall duration. Overall duration measurements are
given in Table 10, The data are summarized in thq form
of mean durations for the two versions as well as the number
of sentences for each version that had the longer duration.
For CF the mean overall duration for spontaneous and
read versions was‘156 cs and 152 cs respectively. For KM
these figures were 151 cs and 143 cs; for JP 182 cs and
183 cs. None of these differences was significant. There
is also very little difference between the number of longer
utterances within each version category. Of 25 utterances
produced by CF, 13 were longer in the spontaneous version

and twvelve vere longer in the read version. The numbers in
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TABLE lU.--Ovnrnll'Durution Measurements (in centiseconds)
by Versions and Speakers

Version
Utterance
Number

1
2

(VN . |

9
10
11
12

- 13
14
15
16
17
lé
19
20
21

5

142

72
162
371
310
193
145
286
178
173

42
153
264
150

89
110
157

30

41
138
104

CF

R

131
55

146

175
311

92
156
181
174
165

27

106

288

175
93
89

141
21
51

142

123

Specaker

Utterance
Number

1
2

= |
> o v o

15

18
19
20
21
22

24
25
26
27

S

137
80
81

130

134

202

140

131

129

254

117

241

274

157
76

111
95
83

257

153

181

KM

R

135
74
78
119

118

161
149

156

118
256
119
243
275
154

90
104
112

77

185
112
175

Utterance
Number

1
2

w & W

[

202
220
158
161
194
220
275
187
196
218

62
356

62

80
132
113
248
191

JP

151

281

182
131
187
297
285
190
196
191

41
325

67

60
149
125
246
185
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TABLL 10.-~-Continued

Speaker

CF KM JP
Version S R : S R S R
Utterance Utterance Utterance

Number Number ’ Number
22 164 201
23 166 233
26 181 213

25 190 223

Meon 156 152 151 143 © 182 183

Number
longer ) , ’
utterances 15 12 13 8 9 8
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cach of-thoso'cntogorios for KM wvere apontnneoue,‘IB,
read, 8; for JP, spontancous, 9, read, 8. These reauits
suyyest Lhat overall duration was not a variable that dif-
fered consistently between the spontaneous and read speaking
modes.

The relative dispersion of data points for overall
durgtion can be seen for CF in Figure 4, KM in Figure 5 and
JP in Fidure 6. CF has a slightly larger range for the
spontancous utterances due to a eingle extreme data point.
For KM and JP the ranges for spontaneous and read utterances
are nearly the same.

Final Syllable Ratio (FSR). The ratio of the length

of the final syllable to the overall duration (FSR) was cal-
culated for each utterance. The FSRs were 1ncluded in an
attempt to assess vhether phrase final lengthening effects
differed between the two versions. These data are giveﬁ in
Table 11. There was little difference between the mean FSRs
of the two versions for any of the éhree speakers. CF's
mean FSRs were .228 and .208 for spontaneous and read ver-
sions respectively. The mean scores for KM were spontaneous,
.193 and read, .201. For JP the figures for the spontaneous
and read FSRs were .219 and .191 respectively.

The number of sentences for each version whicﬁ had.
larger ratios is also indicated. The number of larger FSRs
that occurred for eacheversieﬁ is nearly the same for KM

(S=9; R=11). CF had more larger FSRs for read versions (15)
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IABLL 1}.--Final Syllable Ratios (FSRs) by Versions and

Speakers

Version
ULtLerance
Number

10
11
12
13
14

16
17
18
19
20
21

5

181
694
«111
072
.096
155
«165
.181
. 146
.057

.278
.079
<440
.393
.390

L] 229

«560
174
. 231

CF
R

.206
.200
.157
112
.109
.210
.237
.182
172
.084

.330
.087
314
473
.303

0156

412
.218

. 219

Spououakor

UtLerance
Number

S

131
487
<568
$ 223
.119
«129
.207
«145
.077
.094
.350

.070

.066
.051
131
135
.284
e 277
222
065
.226

KM
R

446
.500
286
V119
.130
.215
.109
.110
.078
.370
.058
.087
.126
.167
.192
.321
. 260
.243
.053
217

ULterunce
Number

[32}

.228
.100
.158
. 242
«345
«159
.054
«235
.158
«105

.067
.306
«650
477
212
.097
131

JP

«305
.068
. 148
«260
.278
.101
«112
163
.138
.120

.061
0224
.570
.309
«176
106
.108
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TABLL 11.--Continucd

Speaker

’ CF KM p
-Version S R S R S R
Utterance Utterance Utterance
Number * Number Number

22 .195 .149
235 .060 .146
24 .254 .164
25  .095 .136

Mean - . .228 ,208 .193 .201 .219 .191
Number

larger ‘ ‘ ‘

ratios 8 15 9 11 12 5

* Single syllable utterances
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than for spontaﬁeous versions (8). Speaker JP's distribu-
tion was the opposite. He had more larger FSRs for his
spontansous versions (12) Lhan for his read versions (5).

The xzslcomputed for CF's FSRs (x2=2.13) and JP's FSRs
(x2=2.88) vere not_significaht. The xzs vere not computed
for KM's dala because of the closeness of the two numbers.
Phrasq-Finél lengthening effects,'as measured by the FSR
appeared not to differ between versions.

From Figures 4, 5 and 6 it can be seen that for each
of the three speakers the range of FSR data points is greater
for the spontaneous versions. In each case this difference
is due to the presence of one or two higher and lower measure-

ments.

Stressed/unstressed ratios. The stpessed/unstressed

ratio (éUR) for each of the bisyllabic words was calculated
in an attempt to assess whether duration as a cue to stres-~
sing was used differently between the two versions. These
data are summarized in Table 12 as mean SURs for each ver-
sion as well as the number of largér SURs in each version
category.

For CF the mean SURs were 2.51 for spontaneous utter~
ances and 2.l11 for read utterances. Of her total sixteen
bisyllabic words, eight had larger SURs for the spontaneous
versions and eight for the read versions. Speaker KM, with

27 bisyllabic words, had a mean SUR for spontaneous versions
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TABLE 12.=-=5Lressed Syllable/Unstressed Syllable Duration
Rutios (HUR*g) of Bisyllabic Words for Three Speakers

Version S
Utterance
Containing
Word

1 1.67
5 5.00
4 0.89
4 2.22
5 l.44
6 .12.00
9 2.76
10 3.36
15 5.28
19 0.59
20 1.35
21 1.22
22 0.61
22 2.18
24 0.67
24 0.89

CF
R

1.57
4,47
1.06
2.38
0.74
7.75
2.35
1.52
1.85
1.12
2.11
1.33
0.67
3,37
0.75
0.65

5

pecakeoer

Utterance
Containing

Word

KM
.S R
Utterance
Containing
Word
1 1.24 1.29
1 1.14 1.33
1 0.92 1.16
2  0.59 0.57
3 1.00 1.00
5 0.72 0.86
5 2.56 0.51
9 0.33 0.41
|10 2.27 3.35
15 1.67 1.27
15 3.75 6.25
18 0.85 0.94
18 1.00 2.17
19 0.44 0.90
19  1.45 2.68
19 1.35 2.00
20 1.23 2.00
21  0.80 1.44
21  0.95 1.12
22 1.34 1.02

- RV, BV S-S WU R R S

xc ©

11
11
18
20

21 -

9.33

2.45
1.60
0.73

0.48

l1.46
1.33
1.92
2.71
0.76
2.14
1.69
2.00
1.69
1.17
0.87
2.20

JP

2.54
3.46
2.04
1.1
1.32
1.48
2.28
2.46
2,33
0.75
1.28
2.17
1.71
1.11
1.08
+1.00
1.62
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tAnslt §72.-=Continued

S poaukoor

CF KM JP
Version S R S R S R
Utterance Utterance Utterance
Containing Containing Containing
Word Word Word

23 0.46 0.42
235 1.45 0.66
24 1.39 1.05
25 0.27 0.29
26 3.43 3.00
26 2.17 1.71
27 1.07 0.94

Mean 2.51 2.11 1.33 1.49 2.03 1.75

Number of . .
larger SUBs 8 8 10l s&%e 8 9

*SUR = Duration of stressed syllable
Duration of unstressed syllable
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of 1.33 with a mecan SUR for read versions of 1.49. Ten of
these 27 bisyllabic words had larger SURs for the spon-
Luncous versions, 16 wverce lurgor‘for the read versions, and
onc had Lhe same SUR for both versions. The SURs for speaker
JP's spontancous and recad versions were 2.03 and 1.75 re-
gpeclively., [IThe corresponding number of larger SURs vas
ciéht and ninc for the two versions. Duration in terms of
‘lexical stress differences did not vary significantly betveen
versions., Both CF's and JP's SUR data points were more widely
dispersed for the spontancous utterances. KM had a siﬁgle
extreme SUR for one of his read utterances.

Therc vas a total of nine duration measurements (three
measures x three speakers). For six of the nine measure-
ments the spontaneous uttérances had a wider dispersion of
data points. Two of the measurements had the same range for
both versibns. In only one 6f the nine cases was the read
dispersion greater than that of the spontaneous (KM's SURs).
For the duration measurements there was a clear tendency
for the range of data points of the spontaneous versions to

"be wider than those of their read counterparts.

Fundamental Frequency Measurements

In attempting to assess the role of Fg in the S/R dis-
tinction two kinds of variables associated with Fg vere
measured. The first kind was made up of two aspects of the
FO in general: ‘average F0 and F0 range. The second type

of variable was related to the contour that describes



83
changes in FO over Lime.

Average fundamental frequency. Average fundamental

frequencics were obtained for cach sentence. Table 13
conluins Lhese data for all utterances, the means by ver-
sion, and the results of t tegsts. The values for the mean
uvurﬁgc fundamental froquoncies wero: Cr--5=175, R=188
(t=0.03); KM--5=115, R=103 (t=1.03); and JP--5=113, R=105
(£E=0.69). None of these differences was significant.

The number of sentences in cach version category that
had the higher average fundamental frequency is shown in
Table 14. Results of analyges are included.‘ When vieved
from this vantage point some significant results appear.

For CF it can be seen that twenty-one of her twventy-five
utterances had higher fundamental Fréquencies for their read
versions (¢*=11.56, p < .01)., For the other speakers this
relationship was reversed. Eighteen of KM's 2] utterances
had higher fﬁndamental frequencies for the spontaneous ver-
sions, yf =10.71, p. &£ .0l. Twelve.of JP's 18 spontaneous
utterances had higher average fundamental frequencies than
their read counterparts, while only two read ones had higher
Fos. The femaining four had idéntical Fos for both Versions,
ch: 7.14 , p <L .01. Thus it can be seen that there wvere
small but consistent differences between versions in average

F although the direction of fhese differences varied.-vith

07
speakers. Again the data for speaker CF differ from those

"for the other two speakers.
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IABLL 13.--Average Fundamental Frequencies by Versions

and Speakoers

Version
tterance
Number

1

SN U W N

9
10
11
12
13
14
15
16
17

18
19'
20

[%2]

187
138
200
177
197
160

181

169
166
161
172
181
170
166
180
166
147
188

" 182

191

CF

R

193
175
203
186
191
172
201
171
173
187
197
183
185
178
174
170
196
217
208
177

S

Utterance
Number

1

|--|1—- )
SN (= N I (- Y U T - T "R )

15
16
18
19
20
21
22
25
24
25
26

peaker

)

111
114
121
105

105
112

113
111
108
154
105
120
110
108
108
122
102
110
120
131

KM

‘ JP

R S R

Utterance

Number
94 , 1 109 109
97 2 110 104
111 3 110 101
109 4 122 108
98 5 108 98
108 6 102 98
107 7 126 102
100 9 114 112
101 10 107 107
104 11 112 112
90 14 112 98
109 15 108, 104
101 16 106 102
101 18 103 106
110 19 122 109
90 20 147 100
109 21 105 109
107 22 - 103 103
103 |
117



IABLL 13 .--Continued

Speaker

cF KM - JP
Veraion 5 R , 5 R 5 R
UltLlerance ULLerance Uttecrance
Number Number Number
21 180 177 27 122 105

22 193 194
23 176 180

24 182 212
25 175 199

Mean . 175 188 _ 115 103 113 105



TABLE 14 .--Number of Utterances having lligher Average
Fundamental Frequencies within Version Categyories by
Specoukers (Resulls of Chi-square Analyses Included)

Versions

Spontancous
Read

Chi-square

*% p .01

Speakers

CF KM ap
4 18 12

21 3 2
11.56%* 10.71%* 7.14%%

86
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When the dispersion of FU data points in Figures 4,
5 and 6 are exémined, it can be seen that the spontaneous
runge is wider than the recad range. In this case the ex-
tension of range was at one end of the continuum. The
average FO for the sponténeous versions was lowver for CF
and the extreme data points Qere in the low FO region. In
coﬁtrast, the extreme data points for KM and JP, whose
spontaneous versions tended to have higher sverage Fos,

vere bt the high end of the frequency range.

‘Fundamental frequency range. The FO range was calcu-
lated for each sentence as the difference in Hz between the
highest and the lowest occurring frequencies. These data
are presented in Table 15. There was no significant dif-
ference between the mean ranges for the two versions for any
of the speakers. The mean FO range for CF's spontaneous
versions (94Hz)»was lover than the mean range for her read
versions (106 Hz), but this difference was not significant,
T (24) =0.15. There was also little difference between the
number of larger ranges for CF's two versions (S=10; R=14).
The meaﬁ scores for the other twvo speakers went in the op-
posite direction: Spontaneous mean ranges were higher than
read mean ranges. The figures for KM vere--5=62, R=54,

t (20) = 0.0693; for JP--5=70, R=59, t (16)=0.439. The
differences between the two versions in distributions of
the number of larger FO ranges was small for KM (S=z12;

R=8) and non-existent for JP (S=10; R=10). Fg range ap-



TABLL 15.--Fundamental Frequency Ranges by Versions

and Spcakers

Vergion
Utterance
Number

1
2
3

4

A 91

10
11
12
13
14
15
16
17
18
19
20

127

80
142
115

244

96
79
97
42
31

81

89

60
59
71
58
47
43

17

CF

R

129
70

252

138

239
187
166
62
54
113
19
96
131
63
70
92
131
31
78

76

Speaker

Utterance
Numbeor

1

o v > wON

O

21
22
23
26
25
26

S

21
69
35
44
58
47
49
57
35
143
50
85

84

36
59
46
49
95
61
60

KM

R

49
54

81
34
30
44
36
39
71
71
85
72

60
41
53
61
42
51

Utterance
Number

1
2

. U & W

~

10
11
14
15
16
17
18
19
20
21
22

46

62
40

42
38
49
156
48
79
70
40
25
129
32
129
32
92
157

51

79

Jp

88

74
8g8
58
54

. 46

41
62
75
72.
62
50
26
69
34
84
52
82
46
43
55



TABLE 15.--Continued

Version
UtLterance

Number

Mean

Number
larger
ranges

21
22
25
24

25

Speaker

CF
S R S
Utterance
Number

62 .51 27 125
156 84
102 107
247 210
82 105
94 106 62
10 14 12

KM
R S
Utterance
Number
51
54 70
8 10

89

JP

59

10
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peared not to vary consistently between the read and spon-
tancous uttcrances examined in this study.

Bolh KM and JP had greater dispersion with their spon-
Loncous Fy range dota points. For KM's moasurements both
exlra high and extra low oxtreme points occurred. JP's
larger range was the result of several utterances which had
extremely largc'F0 ranges. The dispersion relationship for
CF's Fp range data are opposite from that of the two male
specakers. There was greater dispersion for the read data
pointg than for the spontaneous ones.

Relative Peak Height Pattern. The RPHP vas determined

by assigning the number one to the highest peak within an
utterance with decreasingly lowver peaks receiving progres-
sively lower numbers. The RPHPs for all of the utterances
are presented in Table 16. - This information is summarized
in terms of the rnumber of utterances that have the same RPHP
for both versions. For each of the speakers, it can be seen
that less ‘than half of the utterances had exactly the same
pattern for the two versions. CF had a higher portion of
her sentences the same (9 out of 25: 36%) than did JP
(2 out of 20: 10%). .This suggests that JP's RPHPs were more
likely to change between versions. KM's tally was inter-
mediate: 6 of hig 21 utterances (29%) haVé the same pattern,
Tablejlé also includes the number of utterancés vhich
had perceptually relevant peaks on different syllables for

the two versions. Of CF's 25 utterances, 7 differed in this



TABLL 16.--Relative Pewok tleight Patterns (RPHP) by

Versions and Speankers

Veragion
Utterance
Numbeoer

10
11
12
13
14

16
17
18
19

20

)

321

213
1222
132
123
123
213
231
12

12
1212
21
123

12

123

CF
R

123

231
1234
152
123
123
123
231
12

12
132
1111
11

12

21

112

Speaker

Utterance
Number

N v & W N -

10

14

15
16
18
19
.20
21
22
23
24

26

S

312
1

21
11
21
21
11
12
121
123
12
321
132
1243
12
12
21
21
132
112

KM
R

231
1

21
12
21
11

1

12
213
132
12
321
12
3124
21
21
12
21
131

Utterance
Number

N U P W N

10
11
14
15
16
17
18
19
20
21
22

(2]

12
1234
132
12
11
1243
312
2132
231
132
213

3241
21
152

12
213
321
231

91

JpP

123
123
122
12

12354
123
123
1234
213
2143
121

1243
12
142

12
121
1243
123



TABLI J6.--Conltinued

Voerasion
UlLlerance
Number

YA
22
23

Number of
utterances
vith same
RPHP for
both ver-
sions

Number of
utterances
vith same
slope for
both ver-
sions

Number of
utterances
vith dif-
ferent peak
positions
between
versions

Speaker

cr KM
9 | 5
UlLerance
Number
21 - 21 27 12
123 213
215 4123
1234 1234

12 12

15 10

R

21

Utterance
Numboer

92

JP
R

42

20
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way, ns did 5 of KM's 21 ulterances and 8 of JP's 20
ultterances. | "

The RPHP wno inéjudnd in an attempt to capture any
gimilarilica nnd/or dilferences in pattern ol the topline
Lhal mighl exisl belween versions. Given Lhe relatively
small corpus size and the large number of different patterns
that emerged, the usefulness of the RPHP is limited. One
thing that is revealed, however, is that the corpus used
for this study contains a number of utterances whose toplines
differ markedly from those seen in the writings on the FD
contour. Many of these utterances do not exhibit topline
declination. A number of them actually have final peaks
vhich are higher than initial ones. ‘Dnly 34 of the 132
utterances acroés speakers and versions had a 12, 123 or

1234 RPHP. These three RPHPs would be the ones associated

vith typical declining contours.

Slope direction. In order to capture the initial
péak/final pecak relationship an arrbw description of the
slope was derived from the relationship of the first and
last peaks of each utterance. Any intervening peaks were
ignored. 1If the Finai'peak vas within + 5 Hz of the F,
of the initial peak the utterance slope was designated as
flat (=~ ), For utterances whose final peaks were more
than 5 Hz higher than initial peaks, the utterance slope
vas designated as riaiﬁg ( ™ ). When the final peak was

more than 5 Hz lower than the initial peak the utterance
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received o fulling .slope desiynation ( ¥ ). While:
capturing a certain regularity about the slopes of the
utterances Lhese designations eliminate a lot of information
us Lo rclalive differcences in slopes of ullerances which may
full into the same slope categories. The Declination Range
Ratio, discussed in the next section, yields more informa-
Atidn of a. relative nature.

Table 17 contains a breakdown of the number and percent-
ages of slope types by version and speaker and for versions
combined by speakers. There were 17 rising contours among
Lhe spontancous utterances and 13 among the read; 37 falling
for the spontancous and 38 among the read; 5 flat contours
among the spontaneous utterances and 6 among the read. These
differences were too cl&se to warrant statistical treatment.

thn the numbers of slopes in each category between
versions are considered by individual speakers there is one
trend worth noting. JP has six spontaneous risihg contours,
but no read ones. The number of hié falling contours in=-
creases from 10 for the spoptaneous utterances to 16 for
the read ones. This suggests that for JP declination may be
more fully realized with read utterances.
| The data in Table 17 show that a substantial number
of utterances in this natural, conversational mode had
atypicai rising or flat F0 contours. Most of the F0 con-
tours seen in the literature have falling slopes. Of the

116 utterances across versions, 75 (65%) had the downward



TABLE 17.--Number of Utterances in each Slope Category by Versions and Speakers;
Percentage of Utterances in each Slope Category across Versions by Speakers;
Percentage of Utterances in each Slope Category across Versions and Speakers

< Percent
Version | of
S R S+R? .
Speaker CF KH JP CF KH JP. CF KHM Jp Total™
Slope Cate- 4 7 6 5 8 o 21 40 17 26
gory ‘
17 10 10 14 8 16 74 47 72 65
1] 3 2 2 2 2 5 12 11 9

a .
116 utterances across versions and speakers

S6
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sloping conlour. Thirty (2 %) had rising contours. The
remaining 11 (9%) had a flat slope. A total of 41 utter-
anceg (35%) had ntypicul contours. | '

There is a differcnce in the pattern of distribution
of slope categorics among speakers. KM had proportionally
mor¢ atypical slopes thoan did the other two spcakers. Only
47% of his 42 ulterances (combined across versions) declined.
This is in comparison with 74% for CF and 72% for JP,

In sddition to the number of occurrences of the three
slope categories, changes between yersidns from one slope
Lo anolher were considcred.’ These data are presented in
Table 18. There are two questions to be answered from these
data. The first of these questions has to do with the pro-
portion of utterances which have slope changes between ver-
sions. Of the 66 utterances across speakers, 24 of them
(36%) had slope changes. When speakers are considered in-
dividually it can be seen that CF had the smallest number.
of utterances which changed slope bétween versions--24%.
KM had 38% slope changes and JP had 50%. The greater per-
centage of slope changes for JP suggests that slope may play
a bigger role in S/R identification of his utterancés than
in those of the other two speakers.

.Thé data in Table 18 are also broken down into the

.slx possible categories of slope change from one version to
the other. The changes of greatest interest are those that

- go from rising to falling (4 & ), and from flat to falling,



"TABLL 18.--Number of Utterances in all Slope Change
Calcyorics by Speakers; Porcent of Total Utterances
across Slope Change Categories by Speakers

Speaker

CF KM wpP Total
Slope Change
Category

(s-R)"
T | 1 2 | 6 9
- 0 | "2 2 4
\ T . 3 2 0 5
> 1 ‘ 1 2 4
T— 1 1 0 2
->T 0 0 0 0
Total o 6 © 8 10 24

Percent of -
Total Utterances 24 38 50 41
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(~» & ). Such patterns suggest that declinution is more

strongly represented in the read versions. The second

queasltion Lhat bthogo data con npnawvor io what proportion of
the ultoerancos foll into thoso Lwo cutogories. O0f the 24
ullerances Lhal have slope changes between versions, 13

of them went from rising or flat to falling. Across speakers
there ié no clecar trend for declinétion to be better repre-
sented in read utterances.

There is a different pattern in slope changes for the
three speakers. Of JP's 10 utterances which changed be-
twveen versions, eight have either risihg or flat contours
for the spontaneous vérsions, and falling contours for the
read ones. This is in contrast to four for KM and one for
CF. These differences between speakers suggest that de-
clinalion may be more strongly represented in JP's read
versions in comparison with the other two speakers.

Declination Range Ratio. Although the RPHP and slope

dircclions provide information for categorizing FD contours,
they require supplementation by a quantitative index which
vill be scnsitive to slope differences within categories.

. The Declination Range Ratio.(DRR) reflects movement of the
topline as defined by the F0 pcaks. DRRs for all sehtehces,
vith the exception of tﬁosa having a single peak, are given

in Table 19. Examination of tﬁeee data shov that for speakers
CF and KM there is no difference between the versions on the
basis of the DRR. For speaker CF the mean DRRs for the

spontaneous and read versions wvere ,723 and .692 respectively.
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TABLC l9.-—bcclination Range Ratios (DRRs)® by Versions

and Speakers

Version
Utterance
Numbor

1
2

o s w

10
11
12
13
14
15
16
17
18
19
20

[92]

CF
R

Speaker

Utterance
Number

S

«563
«694
-380
.578
866
.745
«733
1.000

.813

.308

. 723
.868
«723
746
.711
« 246
«745
751

KM
R

611
b
.385
.597
.709
677
944
.779
734
1.000
.608
.313
.796
.856
.587
794
.758
447
711
.722

Utterance
Number

1

o U\ B wWN

[$2]

.738
.784
e 757
«753
«739
«765
.062
.676
492
«629
.721

«139
644
.984

«755
833
230
.486

JP

«759
771
.835
. 747
. 794
.851
.839
.811
«756
+636
. 680

775
«925
.516

»753
671
«916
.897
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TABLE 19.-<~Continued

Specaoker

. . CF KM JP
Version Y R’ 5 R _ S R
Utterance Utterance Utterance
Number Number Numboer
2' c‘)(’-’ o7().l. 27 o()‘)} l:)')()

22 945 766
25 668 372
24. 876 .935

25 .879 .878
Mean 723 .692 719 .681 638 774

Number of .
larger DRRs 10 10 9. 9 5 12

Number of
same DRRs | 2 1

F0 1st peak -~ F0 last peak)+100

a -—
DRR = 3

0 highest peak - F0 lovest peak

b Utterances having a single peak
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0f the 21 utterances for vhich the DRR‘was computed, 10
had higher DRRs for the spontancous versions, ten had higher
DRRs for the read versions, while onc was the same for botﬁ.
These values for KM vere .i19 for spontaneous versions, .681
for rcad versions. He had nine higher DRRs for each ver-
sion, with two the same.

The mean DRR for JP's read versions was .774 in com-
parison to a mean of .638 for the spontaneous versions. This
diFFercnce‘was significant at ‘the .05 level (t,36 df = 2.13).
These data suggest.that topline declination for JP's reéd
utterances is often greéter than that for his spontaneous
ones, While the slope difections vere able to pick up some
differences betwéen versions in JP‘g utterances, examination’
of the DRRs showed that topline might differ between ver-
sions that wvere in the same slope‘category.

The dispersion data in Figures 4, 5 and 6 for the DRR
indicate that both KM and JP had larger ranges for the
spontaneous versions. This difference ipn range is small for
KM, extended by a single data point at the lov end of the
continuum. The difference in ranges between spontanedué
qnd'read for JP is mofe pronounced, with four DRR data points
considerably lower than the lowest read DRR. CF's DRR data
depart from the pattern of the two male speakers in that her
road DBR.disporaion is greater than that of her spontaneous.

Peak Range Ratio. Spontaneous speech is frequently

characterized as being more "expressive." One of the
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listeners in this study included this as a criterion by
vhich she made her S/R decisions. One of the acoustic
%uctors that could contribute to this subjective notion of
greater cxpressiveness is movement of the FO contour. Such
movement should be reflected in the range of peak movement.

lhé Peok Range Rutid (PRR) was calculated in an attempt
to show how much of .the F0 range was covered by movément of
the pcaks. .Thcse data ar; presented in Table 20 for all of
the utterances across spcakers. Examination of the data
reveanls thal there is o significant differcence in PRRs be-
tveen read and spontaneous versions for only one of the
speakers--KM. The mean PRR for CF's spontaneous versions
(.600) was higher than that for the read ones (.523)‘but this
difference was not significant. Twelve (12) of her spon-
taneous versions had higher PRRs as compared with eight read
versions which had higher PRRs. This difference was also
insignificant.:

" For speaker KM the mean PRRs for the spontaneous and
read versions were respectively, .438 and .312, t (38)=4.535,
p. < .01. There vere ééventeen utterances whose spontaneous
versions tended to have significantly higher PRRs than their
read counterparts, x2(1) =9.8, p < .01.

For speaker JP there is not a aignificant difference
between the means for the two version categories (S=.429;
R=.488). The direction of this difference is the opposite
from that found in KM's data. Five of the utterances had

higher PRRs for their spontaneous versions, while thirteen



TABLE 20.--Pcak Range Ratios (PRR) by Versions and

Spcakers

Version
UtlLoerance
Number

O © N O U & WwvON e

L I T L e T e T S VU Y WP )
O ¥ © ~N 08 UV & W N = O

Speaker

Utterance
Number

& WON e

£,

S

904

+656
.023
.689
.170
024
.298
314
.818
440

.0506

«536

694

« 254
196
.408
«247
274
«233

KM
R

.306

714
.099
147
.033
«523
167
«154
. 704
.056
494
.514
«543
.100
073
.302
«459

476
176

Uttornnce
Number

o O NN W

.152
435
450
167
.053
408
.756
.125
430
771
.400

612
469
.318

487
.885
«392
«418

103

JpP

432
211
«552
.278
«348
.488
.581
«560
.514
.371
«240

.681.
.706
476

451
152
744
.709
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TABLE 20.--Continued

. CF KM Jp
Version S R S R S R
Utterance Utterance Utterance
Number ~ Numbor ‘Number
21 .903 .294 27 448 .196

22 L91U .631
23 823 .476
24  .826 .905
25  .B22 .635

Mean 0600 0523 o 0438 0312 0429 -488

Number of

higher PRRs 12 8 17 I 5 13

a Utterances having a single peak
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had higher PRRs for their read versions. This difference
was not significant, % (1) = 3.55, although anX? of 3.841
‘would have Been éignificant at the .05 probability level.

Data point dispersions of PRR in Figures 4, 5 and 6
show larger ranges for the spontaneous versions for KM and
JP. The ranges vere extended by one or two points on either
end of the continuum. CF's ranges of PRR data points for
spontanpous and read versions were essentially the same.

It should be noted that although the PRR does reflect
greater peak movement, if is insensitive to the difference
in movement betwegq ad jacent peaks, and the distance between
peaks and valleys. Therefore; similar PRRs do not neces-
'sarily preclude greater peak movement for one of the tvo
utterances being compéred. Such a difference might be found

if another index of peak movement were used.
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CHAPTER V

DISCUSSION

Spontaneous/Read Identification

The inifial consideration in this investigation vas
the extent to which listénere could differentiate between
lexically idqntical spontaneous and read utterances. An
indirect approach tp assessing this ability is through con-
sideration of the percent rea& judgments for the two ver-
sions; Figures 7, -8 and 9 are based on the same percent
read data és Figures 1, 2 and 3, but tﬁey have been re-
plotted to highlight the version contrast. These figures
clearly illustrate the greater percentage of read responses
associated with read versions of the utterances. This dif-
ferentiation between the two versions holds up for the A
condition as well aé the UA condition although the diffef—
ence is somewhat less vhen the utterances have been altered.
CF had almost the same percent read scores for both ver-
sions in the UA conditioq,.with a nonsignificant difference
between the two versions for the A condition. If listeners
respond in a di;similar fashion to the two versions, they
must be differentiating between them to some extent.

A more direct asséssment of S/R identification ability
can be made by considering fhe +, - and 0 CJDS based on

percent correct scores. Examination of the percentage of
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Figure 7. Percent read responses plotted as a
function of unaltered and altered
conditions for spontaneous and read
versions for CF :
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Figure 8. Percent read responses plotted as a
function of unaltered and altered
_conditions for spontaneous and read
versions for KM
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unaltered versions wvhich received the + degignation in
Table 8, revecaled 53% for KM, 56% for JP and 23% for CF.
Averaged across the three speakers, 44% of the utterances
vere identifioble. The low percedtage'of discriminable
utLurunccs'pcrhnps reflects the fact that every utterance
in connecled discourse does not contain cues to the pro-
duction mode. When listeners perceive speakers to be reading
or sbeaking spontaneously, their perceptions'are presumably
based on salient cues vithin a few utterances.

The use oflthe conversational mode, in an attempt to
encourage spontaneity, may have contributed to a limitation
of the acoustic and perceptual separation of the two ver-
sions. Having reading material in the form of a conversa-
tion, particularly one originally produced by the speakers
themselves, may have reduced the "readness" of the read
material. Given the read material in script form may have
encouraged the speakers to try, cdnsciously or unconsciously,
to sound spontaneous. The conversational mode was probably
'succcssful in achieving a high degree of spontaneity for the
spontuﬁeous versions. It may have inadvertently done the
same for the rcad ones. |

If a discrimination rather than an identification task
had been used, a higher perdentage of utterances might have
received responses at greater than chapce level. However;
£he single presentation method more cleafly reflects what
occurs in real life. A follow-up study to this investiga-

tion will include a perceptual task where the listeners will
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make disceriminalion judgments using the some utterances.
Listener abilily to make S$/R distinctions based on
"single version pregenbtalion raises an interesting question.
How nre lisleners able Lo muke this identification? Refer-
ences in Lhe literature to variastion beltween spontaneous

and rcad utterances have always been to relative differences.
One or the other of the two modes has been characterized as
being faster, or higher pitched, or "more expressive." Im-
plicit in these kinds of comments is that a comparison must
be made in order to identify the speaking mode. Although

the percéntages of discriminable utterances were lover than
anticipatcd; Listeners werevstill able to make some correct
decisions. Something other than a comparison analysis method
must be invoked to account for these.correct responses, Lis-
teners apparently have an internal representation of spontan-
eity or "readness" that parallels that of phonemic and supra-

segmental aspects of speech.

F, Contribution to S/R Identification

L%

While the number of identifiable utterances was limited,
the basis upon which these successful identifications was
made is still of interest. Presumably the cues which al-
loved listeners to identify individual utterances are the
same ones which operate in gr&ater than utterance length
speech samples. There are two kinds of evidence that point
to the Fy as primary locus of the S/R difference: (1) ef=-

fects of contour flattening and (2) listener comments made
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after completion of the 5/R discrimination task.

Results of F, Contour Flattening

The presence of the significant differences between
the percent read respongcs for the two conditions, UA and
Ay, suggesta Lhot listencers cemployed an FU based otrategy in
making S/R judgments. They identified flatlened utterances
as rcud'signiricuntly more often than they identified their
unaltercd counterparts as having been rcad (sce Figures 1,

2 and 3). It can be assumed that in the absence of clues to
Lhe conlrary (or at least sa]ient ones) listeners tended to
identify unaltered versions of the utterancés as having been
spontancously produced. Altered, F0 flattened utterances
vere more (requently idcntified as having been read. Such
a strateqy has two significant implications for the current
investigation. First it implies that the distinction be-
twveen these spontaneous and read uttérances lies in the Fd
cdntoué. Manipulatiqn of the FO contour was sufficient to
alter listener response patterns.

The second implication of the significant differencg
between conditions is that the S/R distinction is cued by
degree of movement of the FO contour. A flatﬁened F0 con-
tour can be considered a special and extreme case of de-
creased FU movement. There is thus an inverse relationship
between percent of read responses and degree.of movement of

the F, contour. This FO based listener strategy leads to

0
the conclusion that the animation, liveliness and expres-

siveness associated with spontaneous speech is directly
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relaled Lo movement of the Fy contour.

In addition to analyzing tho effects of contour flat-
Lening in Lorms ol porconl. corvrect rosponsocs, the CJDs woero
also considered, .CJDa wvere assigned to bolh Lhe unaltered
and altered versiong of Lhe utterances which wvero then grouped
on Lhe bagsis of the relotionship between the CJDs for the two
conditions. O0f the nince possible combinations, the eight |
groups Lhat emerged were: ’:0, =z, -0; --y =+, 00, O+, O-.
fhere were no == utteronces., Thoe fFirst designation for each
group is Lhat for the UA conditiong ‘thc sccond is the CJD
for the A condition. The numbers and percentages of utter~
ances in cach of the CJID groups are given in Table 21.

Whol does cach of these groupings suggest about the
effecl of FO flattening? There wvere seventecen utterances
Cin Lhe 20 group (29%) which were judged corrcclly at a
grealer Lhan chance level under the UA condition, but only
at chance level under the A condition. The implication is
Lhat when the utterances were unaltered listeners wvere able
to identify them correctly on the basis of the F0 contour.
When this information was lost thfough contour flattening,
listeners vere no longer able to make these judgments cor-

rectly. The presence of utterances with this +0 pattern

supports the hypothesis that the F0 contour contains some
of the information supporting the S/R distinction.
The four utterances in the -0 group (7%) also support

the hypothesis that the Fj, contains the primary cue to S/R
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TABLE 21 .==~Numbor of Uttorancos in ocach Chanco Judgment
Designation (CJD) Group by Specakers

Specukeor

cr KM JpP Total
CJb
Group
+ 0 4 7 6 17
-0 2 1 1 4
+ + 1 3 4 8
- - 1 1 0 2
-+ 1 0 1 2
0 + 1 0 0 1
0 - 3 0 0 3
00 9 7 6 22

Total 22 19 18 59
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differentiation. Although in the UA condition the listeners
vere making incorrect judgments, these judgments were made
congistently (i.ec., ot greater thah chance level) on the
basis of presumod miginformation in tho.FU contour. When
Lhe conlour was flattened listeners no longer judged correctly.
Adding this 7% to the 29% in the +0 CJD group there is a
total of 36% of the utterances that provide support for the
hypothesis that $/R discrimination information is contained
in the Fo'contour. |

These data indicate that for somewhat more than one-third
of all the utterances F0 contour is important in the S/R
dichotomy. OF the 33 utterances which wcré identified at
greater than chance level in the UA condition the +0 and -0
groups combined make up 63%.

Whal do the other dategories suggest ébout thé role of

F, in S/R identification? Scventeen percent of the utterances

0
fell into either the ++ (14%) or the -- (3%) categories.

They were identified at greater than chance level (either
correctly or incorrectly) and the identification abil;ty was‘
unaffected by F0 contour flattening. There are two possible
explanations for utterances falling into the ++ and -- groups.
These utterances could have been cued by other aspects of the
speech signal than FO. In that case flattening the contour
wvould not affect discrimination. Another possibility is that

FO cues coexist with durational or spectral ones which sup-

portod the distinction whon Fo information vas eliminated.
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There is a group of six utterances (10% of the corpus)
vhich has different designations from one another, but which
are classified Logelher because of their anomalous nature.
These are -+, 0+ and 0-. Inclusion in onc of thesc three
gfuups suyyests Lhat listeners cither went From consistently
incorrect judgments Lo consistenlly correct judgments with
flallening of Lhe FO conlour, or that the consislency of
judgmenls ocecurred after Lhe FO contour was flattened. It
ig intereslting to note that five of these six sentences wvere
produced by speaker CF. The presence of most of the anomal-
ous utterances among tﬁose of CF is further evidence that
her utterances differ in some essential way from those of
the other two speakers. The final anomalous utterance was

one of JP's.

Listener Comments

After completion of the spontaneous/read identification
task participants were asked to indicate the bases upon vhich
their judgments were made. Listeners were given no indica-
tion of what appropriate criteria might be. They were simply
asked to list the criteria.they used. (See "Instructions
for Spontaneous/Read Identification Task" in the Appendix.)
The comments were grouped into criterion categories and the
attribute associated with the two versions of the sentences
noted. This'information is included in Table 22 along vith
the number of times tnat a given criterion was stated. A
number of listeners mentioned more than one category which
accounts for there being a total of 85 responses for 40

listeners.



TABLE 22.--Criteria Indicated by Listeners as Bases for Perceptual Judgments in

S/R Identification Task;

Attributes associated vith each Version; \umber of Times
each Criterion Hentioned and Percentage of Total Comments for each Criterion

\umber Percertage
Spontancous Read of times of
Criteriaon Attribute Attribute Hentioned fotal?

Intonation, inflection Greater inflect. Hlonotonous 34 49
Stress pattern,emphasis Greater emphasis Less emphasis 21 25
Fluency; presence & S tumbled before Breath's only at 10 12
placement of pauses vords; Fluidity; commas

breath at non-

punctuation points
Pitch level Elevated pitch Lover pitch 5 6
Degree of expressive- A lot more feeling; Hore mechanical 5 6
ness; emotion trace of emotion

in voice
Timing; speaking rate flore natural timing Speeded up 4 5
Presernce o absence Stressed syllables No stressed syl- 2 2
of stressed syllables lables
Sentence endings Greater terminal Abrupt sentence 1 1

pitch variation; endings

complete sentence

endings .
Presence of echo No echo Echo 1
Hov sounded vhen re- -==-= = aao-a 1
pecated to self
Style  emeee eaeea 1 1

%There were only 40 listeners, but 85 comments because some listeners listed more

than one criterion

—
—
~
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These data show that 55 (65%) of the comments vere
"intonation", "inflection", "stress pattern", or "emphasis."
Of these 55, 34 (40%) mcontioned intonation or inflection
specifically. Because intonation is so closely related to
senténcc stresé patterns it can be assumed that references
to stress and emphasis are to the same aspects of the speech
signal as "intonation" and "inflection."

Five -respondents indicated that "pitch level" was used
as a criterion in making S/R decisions,higher pitch being
associated with spontaneify. It was assumed that this variable’
vreFerred to overall or average pitch level rather than to its
contour.

Given that the listeners (a) heard only a single utter-
ance at a time, and (b) only heard‘a'single version of each
utterance, no relative pitch information was available. Hovw
could they make jddgments about pitch level? A single
speaker indicated that she used the criterion of how the
sentence sounded when she repeated it to herself. This
listener may have been the only one to verbalize a process
that others were using -- referring back to their own pro-
duction mechaniéms. The same kind of analysis-by-synthesis
mechanism couid.be invoked to explain correct S/R judg-
ments with a single version presentation mode.

There were only four instances (5%) where dufation
vas mentioned. Of the remaining 29%, 12% werc related to

degree of Ffluency or the placement of pauses. There were
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only lwo ulterances that contained pauses. These were
CF8 and KM6. Lisbteners who mentioned this variable may
have been reforring l.n‘ their slrabtegy with theose utterances
or they may have been responding1to pseudo—puuses or non-
pauses perceived as pauses.

| The criterion categories "degree of expressiveness"

(6%), "presence or absence of stressed syllables" (2%),
"sentence endings" (1%), and "style" (1%) might be related
to the FO contour, although it is not clear that they are.
The criterion category "presence of echo" probably referred
to a perceptual "hollowness" that characterized thé F0 con-
tour flattened Utﬁeranccs. These listener comments strongly
implicate Fgy contour in the S/R distinction.

These tvo péeces of evidence--the effect of F, flat-
tening and'the listener comments--support the hypothesié
that listeners use FO and its contour to make S/R judgments.
The significance of these data must be considered cautiously.
Because of the nature of the task, one of judging utterances
vhose F, contours had been manipulated, it is possible that
F0 may have assumed increased'salience. Since the listener
comments were elicited after a forty minute exposure to }
altered versus unaltered utterances, listeners may have be-
come artificially sensitized to FU. Duration and spectral
factors that varied between versions might subsequently have
been ignored due to a spuriously salient Fge With hind-
sight it is obvious that the question of S/R identification
criteria might reasonably have been posed both before and

after the listening task.
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A similar kind of urLlficinlity moy have beoen opora-
Lional when lisleners wvere muking S/ judgmenls., Listeners
qnﬁmunlnd Lhal. Lheoy had a great deal of difficulty making
decigions.  Since Lhey were forced Lo choouse, Lhey may have
grabbed onto Lhe mosl convenientl handle--Lhe slaule of the FO
conlour-=bul one Lhal was conlrary to whalt mighl be used
under ordinary cirvrcumslances.  Allhough increased salience
may have been o facltor in Lhe ruuuits, bolh subjeclive and
objeclive dala poinl very aslrongly Lo the primacy of FO in

S/R ddenbilicolion,

slalug uf Aevuslic Differences Botween Versions

It is reasonably clear from the data discussed above
that some of the differences between spontaneous and read
versions of the utterances reside in the FO contour. The
dalta on Lhe acoustic differences, however, fail to isolate
the specific variable or variables responsible. Certain
significant differences appeared when F0 measurements were
made, but not in the same variables in the same direction
for all three speakers. Average F0 vas higher a signifi-
cant number of times for one versioa than the other for
all three speakers. However, the direction differed. For
JP and KM spontaneous utterances were more frequently higher
than read ones. CF's read utterabces vere more frequently
higher than her spontaneous ones.

The movement of the topline appeared to be a significant

variable for apeakor JP, This was reflected hoth in slope
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direction measurements and significantly higher DRRs for
his read utterances. For KM, PRR appears to be a sigﬁifi-
cant variable in the S/R distinction, with greater movement
of the peaks for his spontaneous utterances. It appears
then, that no one of the variables measured consistently

separated spontaneous and read utterances for each of the

gspcakers.

Duralion mcasurements did not differ consistently be-
tveen versions. The lack of consistent variability between
versions in overall duration is eurprising as there are
numcrous references in the litcréture to spcuking rgté dif-
ferences as a function of formality ievcl. Changes'in
spcaking rate should be reflected in overall duration. There
are several possible ronsoﬁs vhy there wvere not consistent
overall duration differences between versions for the present
corpus. The first ppssible reason is that noise obscured
differences that actually existed. Given the wide range of
syntactic vnriation‘among the utterances, and the 'small
number of speakers uped, éhis mighf easily have been the case.
A second possible explanation for there being no overall
duration differeﬁcea is that perception of rate variation
among levels of formality is a fﬁnction of the number and
length of pauses rather than of changes in duration. Con-
founding of duration and pauses is inherent in speaking rate

measures of the number of linguistié segments per unit time.,

A third possibility is that variation-in speaking rate is
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an.idiosyncratié variable which was not'functiohal for the
three speakers used in this study. 'Whatever'the explénation,
neither overall duration) the FSR, nor the SUR varied con-
sistently between versions. |
| Thirty-séven percent of the utterances had what might
be considered atypical contours, that is their toplines did
not decline. Although there aré numerous references in the
literature to Fg, contour.variation as a function of differ-
ences in focus and syntactic structure, the contours almost
alvays have falling slopes. Bécause of the intimate”rela-
tionship between the syntactic structure of an utterance and
its F0 contour, an attempt‘wéé made to assess whether syn-
tactic structure might account for the atypical FD contours.
(A structural breakdown of thé utterances appears in the
Appendix.)A This wvas done by identifying the types of phrases
(e.g. adjective phrase, prepositional phrase, etc.) into
vhich each utterance could be broken down. The kinds of
phrases associated with typical contour utterances were com-
pared with those associated with atypical contour utterances.
There was no obvious difference between the phrase types of
the group of utterances héving typical contours and those
utterances having atypical contours.

The number of non-declining téplines for this corpus
can probably be accounted for on the basis of the conversé-
tional bontext from which the utterances were taken. The
FU contours presumably reflected contextual references,

speaker intent, relationship between utterances and speaker
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intention. These contours are departures from "neutral”
intonation contours" associated with reading (usually

of igsolated read aentencga or monologue type narratives)
vhere no particular emphasis is indicated. Under more
natural speaking conditions non-declining FO contours

might be more representative than neutral intonation

contours.

A further attompt Lo toaso éut the spoecific FO variable(é)
used in maoking S/R judgments was made through calculating the °
correlation between "percent read" judgments and each of the
quantifiable Foy variables:’ éQerage For ?0 ranﬁe,'the DRR
and the PRR. Table 23 contains the correlation coefficients
for each of the variables by speakers and versions. As vas
the case with the acoustic measurements themselves, no clear
picture devclopcd} All of the coefficients were extremely
small, indicative at best of weak correlations.

On the basis of results for the individual speakers
ncgative correclations would be expected for average FO, F0
range 6nd the PRR. That is these wariables would be expected
to decrecase as the percent read judgments increased. A
positive relationship would be anticipated for the DRRlsince
greater declination was associated with "readness." For FO
average a single wveak correlation occurred for the read ut-
terancoa.of JP (~-.42)., There vere three wveak negative cor=
relations for F0 range: for the read utterances of CF

(-.49), and for both spontaneous and read versions for KM
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TABLE 23.-~Coefficients for Correlations between Percent
Read Responses and Each of the Four Quantifiable Fo
Variables by Speakers and Versions _

Speakers

' CF KM P
Versions ° S R s R S
FO Variub;e

Average Fg -0.08 -0.05 -0.22 -0.07 0.32
Fy Range -0.09 -0.49 -0.38 -0.38 0.12
Declination : '

Range Ratio 0.37 0.00 0.13 0.06 0.20
Peak Range 0.33 -0.14 0.15 0.39 0.21

Ratio

-0.42

-0.04

0.31

0.29
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(both -.38). Obviously the correlations are too low to

gsupport strong conclusions.

Dispersion of Daota Points

Ihere waus o slrong Londency for o wider digpersion of
dala poinls Lo occur with the acoustic measurement data of
Lthe sponlancous versions as combared to those of their read
counlterparly, Ihiﬁ wug Lhe cusce for 15 of Lhe 21 measure-
ments made across speakers. O0f the remaining six measure-
ments, Lhree had nearly equal dispersions for the measure-
menls of Lhe two versions. Only three had wider dispersions
for the read measurements over those for the spontaneous

measurcments.

The nature of this grecater dispersion for the spon-
tancous data was the existence of a few extreme data points,
rather than a spreading out over the whole range. Most of
the data points for 5oth spontaneous and read versions
clustercd about an average point. This dissimilarity in
dispersion suggests that 6ne of the differences betveen
spontancous and read speech is that during the former speak-
ing mode various acoustic parameters display a greater ten-
dency to deviate from thoAaverage values of that parameter,
In a relatively long speoch semple this tendency might not
be realized for allithe utterances. Only some of themlwould
contain the cues for spontaneity. This marking of only a

porlion of the utterances as spontaneous is consistent
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vith the finding that only a portion of the utterances vere
identifiable.

Speaker and Listener Idiogsyncracy

AL Lhe onset of this study the concept of spontaneity
and "rcadness" was considered to be relalively simple and
straightforward. It was assumed that these two speaking
modes represented different points along a formality. con-
tinuum. Thcig placement woqld be speaker and situation
dependent, but-predictable. All other things being equal,
it was assumed that spontaneous speech would be less formal
than read speech and that acoustic aspects of the two modes
vould differ in predictabie vays. The use of lexically
identical utterances in the present exﬁeriment vas an at-
tempt fo keep all other things equal. However, the resulting
picture of spontaneous and read differences did not appro*i;
mate what was anticipated.

Three very different pictures vere presented by each
speaker; suggesting that the formality/informality relation-
ship between spontaneous and read speech is not straight-
~forward. QP'svspontaneous‘speech sounded very casual; his
read speech seemed prototypically read. KM's speech samples
vere very differenf from those of JP. Although the wﬁole
read convérsation had a more "read" qﬁélity‘than the spon-
taneous one, indivi&ual excised utterances did not sound as
readily identifiable as did those oF‘JP. All of the ver-

sion‘pairs'sounded different, that is they would be dis-
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criminable on a discrimination task. It was surprising,
however, that many of them wvere identifiable as to speaking
mode.

In contrast to JP and KM, CF's utterances were anomalous.
Her sponlancous utterances seemed less casual than her read
ones. This difference may have been an artifact associated
vith the recording sequence. The spontaneous sample was
elicited during‘her initial visit to the location. She may
have been morc.rclaxcd, and hence less formal, when she read
the transcfibed conversation. If the differences between
spontaneous and read speech vere robust, however, this
should not have mattered. These observations of speaker
idiosyncracy suggest that different speakers handle the S/R
distinction in different ways. A formality/informality
distinction is obviously not isomorphic with the S/R con- -
tinuum.

In addition to speaker and situational effects on the
S/R distinction, a listener variable may also exist.
Although there was no analysis of listener responses, lis-
tener comments suggest the use ofﬁdifferent response pro-
tocols. Forty percent of the liéteners' comments wvere re-
lated to intonation or inflection. However, fluency, stress
pattern, pitch level, timing an& sentence .endings were also
mentioned. Different lietenera;'who mark "readness" in

their own speech in various ways, may listen to different
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aspects of the speéch signal when_making S/R judgmentgl
When Nakatani and Aston (1981) investigated factors af-
feeting lexical stress perception, they noted that certain
listeners seemed to attend to pitch differences wvhile others
listened for duration differences., A similar listener
variable may have been at work in the S/R perceptual task.
Although na note was made of individual listener re-
sponses in degree of certainty, the casual observation vas
made while scoring that some listeners seemed more certain
of their responses than other listeners did. This may have
been a reflection of a persoﬁality variable related to self-
cbnfidence.or some other psychological trait. Howevef, it
also might have reflected dissimilarities in listening
criteria. Those listgners vho were less certain of their
responses might have been so because they did not hear the
kinds of cues they were'listening for, the ones that have
the greatest salience for them.
~In conclusion it appears that defining utterances in’
terms of perceived spontaneity is much more complicated than
first conceivéd. Rather than a one dimensional S/R con-
tinuum which lines up in some way with formality/informality,
it is likely tbat utterances are located in a multidimen-
sional apacé by reference to sets of coordinates that in-
clude idiosyncratic speaker variations, listener dis=-
similarities, sex of the speaker, and a host of other un-

identified variables.



129

Implications for Speech Synthesis

As synthesis of‘natural sounding speech becomes more
‘successful the need will arise for‘synthetic speech to re-
flect nuances associated with extra-linguistic factors. One
such factor may be whether the speech was read or produced
spohtaneously. Up to this point, the meager references in
the literature .have suggested that spontaneous and read
speech differ primarily in nature of pauses, the degree to
vhich certain phonetic and phonblogicul procecsses occur, and
in spcaking rate.

In attempting to synthesize speech which will give an
impression of sbontaneity, it may then be necessary to alter
the FD contour in some vay. Perhaps the topline should de-
clinc.iess to.give the impression of greater spontaneity.'?
If a conversational mode'is'to be portrayed,'it may be neces-
sary to include utterances with topline flatness or rises
(atypical contours). Syntheéis of speech in a conversation
mode may sound more natural and conQincing if all the con-
tours are not declininé. In order to indicate interaction
‘among speakers; manipulatiqn of the FD contour éway from the
neutral form may be necessary. Relationships between and
ambng communicants in conversations may be iﬁdicated by
subtle differences in the F0 contour. There also may have

to be greater movement of the F0 peaks over the Fo range.
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Summary and Concldaiona

lhe answer Lo the question, "Cen.listcnors_correctly
identify isolated utterances as having been read or spoken
nponl anoounly?" iv "You, somolimoa." {our Lho prosent cor-
pus, 42% of Lhe ulteorances across speakers wore identifiable
according Lo an estabiished criterion. What this figure
suggests is that not all utteranceg wvithin a connected nar-
rative will be marked for speaking mode. Rather, a certain
proportion of them might be so marked, with listeners basing
their S/R judygments on this subset of utterances.

In order to produce synthetic speech which is identi-
fiable as having been produced through a given speaking mode,
it will probably be nccessary to mark certain utterances vith
the acoustic lineaments pecﬁliar to that mode. What are the
aéoustic features that mark speech as spontaneous or read?

It scems clear that the S/R distinction is cued primarily by

Fn and its contour. Listener strategy, listener comments

0
and the effects of contour flattening support the Fo.cue
hypothesis. Duration factors meagured in this study éppeared
not to play a role in the distinction.

Although the role of Fy in the S/R distinction Ffor the
present éorpus is clegr, the specific aspects of F0 vhich
vary and tho vays in which thoy vary are obscure. Average
Fo surfaced as the‘aingle parameter that differed signi-

ficantly between versions for all three speakers, but the

direction of the differences varied among speakers. The
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PRR for KM and the DRR for JP differed significantly be-
tveen vergions. This SUggesté that either the range of
pcak movement or the movement of the topline may cue the
S/R distinction. Some of JP's versions appeared to be dig-
tinguishable with reference to the slope. R The slope of his
utterances more frequently changed bétween versions than.

did those of the other speakers; and declination appeared
to be more clearly represented for his read versions. Idio-
syncracy uappcars to be the prevailing characteristic asso-
ciated with these data.

| In the conversational naébative type speaking mode used
for the present experiment the neutral declarative F0 con-
tour wvas frequenfly inappropriate. Due to semantic high-
lighting and éignalling of- continuation, many of the FO
.contours' toplines either did not show the declination effect
or they éctually had rising toplines.

-~ The preseﬁt investigation was seen as an initial step
in- development of a model of differénces between speech which
is read and that which is produced spontaneously. From such
a model could be generated an algorithm for manipulating
perceived spontaneity or' "readness." Some information lead-
ing‘toward this long range goal has been obtained through
this investigation. The next step will be to isolate large
numbers of utterances vhich are marked for the S/R dis-
tinction for comparison with those‘which'are unmarked,

Through this comparison it should be possible to catalogue
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the idiosyncratic features which cause listeners to decide
vhether an utterance has been read or wvhether it has been

produced spontancously.



.AFPENDICES

b

L=

,s



134
APFENDIX A

Bl f}li{'llCl"l-lR‘/.\L'" BREAKDOWN OF COMPLCTE SENTENCE UTTCRANCES

CF

NP - : vp

pron

¢

this® = - §

vhat frightens men

\

. | - CF
NP . ////yp o 3
T-pron r agfiv.  pron n } arx J\\\\\\37°P
Thisg s just  what men are afraid of

aStressed syllables; ( ) indicates stressed in read version.



4
n . aux aux v art N prep pron adj
Everybody's freedom might be considered a threat to soneone else

et



NP

pron

n

list

Prrp
of

PP

N

/

things

P\~
adj. P
/i\
pIon ayx neg r
I vill-not do

CF

9¢1



prpn -

Yoﬁ

|

X neg

o--not

know

vp

ad

adve.

contributed hovw

P

adj.

much

" CF

LET



prep

betwveen

and

the

microphone

CF

Bel



cooT. clause

N

/\

7
\

pTon aux au

It has been suggested

CF

—
s

subord{::ie clause -

6¢T
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CF

14
Mt\\\\\\\\\\
NP
/ | P
pron aux pr[p v arj agj n

[---will have to make some positive plans

CF

16
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CF
17

on . v agj - 0

abteeceaaa is effective communication

CF
20

VP

coord. clause

| T ] [

You said  a Tuesday vould be good
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CF

21

J

4

a
no

IV
S

Tuesday-------i



adv

Maybe

pron

you

aux

should

|

ry

pron

|

it

pTep

in

pron

your

n

sneakers

adv

first

£t



NP

I

/\/\

pron

spe01f1cally as ed her

abqut

CF

artlculation

VAR
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KM

Pron (Exp) ] N
There is no N.Y. @ritten‘ - accent
KM
2
NP P
Pron Y n
(contracted)

Thergmemdcmmc e icccn— are losers
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KM

NP
pron. [ neg aTv adj
ThCYSEQQEEEggéon) not . as healthy
KM
4
NP VP
NP
/N P\
pron v art adj ]'
t

This is an aptitude est
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KM
5
NP VP
P
pron v ' . adj n
It measures innate ability
KM
6
NP

pron v prep v n adv

oL |

They tend to lose things literally




- pron

It

<

VP

VP

adv

almost

a

psychological

KH

thing

ant



KH
10

A ///////)ﬂl\\\\\\\\\\\\\
NP PP VP PP
///A\\\\ A
adj »l r.ziep pron \ _prep v prep n
Not one of them had to- do vith teaching

6YT



pron

That

art

the

NP

mark

. KH
14

conj = pron aux Vv n

L

that you have made it

0st



KH
/\ 15
NP
V/\P
aéf//jzp

Tt T

I can--not get that exc1ted about t e SAT scores falllng

16T



KR
16

NP . \P
VP
NP
pron alux neg \‘1 adj r
I do----not think that---is our job

AR



KH
18

coordlnat -clause ‘—’__,Eggzgiﬂzsi\ziiise

NP V’

//\ //\ | A

nj p‘ 1 eg pron

Some Euro- sys- uork that way but I could--not see it
pean tems ‘

owmasm——
Sm—

£qtl



KH

coordinate clause subordipate clause
' VP NP. ’ \ |
: VP

[ \\\\\\\\\ adv. phrase

pﬂon aux adv aux K\\fart n rel.pron v ‘ adv adv adj

We---have al- been crank-out kids vho vere only marginally 1literate
" ways ing

6SI



Kl

adj. phrase

VAN

conj n v pcep

RO O ¢ l _l

---------- have never seen " the room that Norm is in

sl
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KM

. 21

NP P////////////Vp
pron oIx adv. adv, ‘\ prfn
| et huve never cven seen it
L,
22
NP
NP

n agdj
u .read the same ‘language

Yo



NP

pron

KH
23

VP
yp - NP
ady _ - art n
alwvays the instinct

LSt
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JP

P }\ |

rt dj n

pgon aux n[g‘ ] .
L '. | , ‘ '

| et tatater am not teaching the brighter kids

: Jp
| 3
VP /"‘\

P PP

+

y\
pron fux neq r dj prep rdj. ]

They do---not have that .answer in their head




wp

/\fﬁ

ern Tux nrg ron rt adJ n

I do-~--not have any of the advanced classes
////*\\\\\\ }
NP Vp 6

______.—__——__Snﬂigiziif clause

P 44——””””‘M£\\\\\
|

P

A\
//\:f

rofn v ron aux wux v rep v’ adv adj n
p .

You know he---will be able to divide men- in his head
tally



160
i / \

ye NP
/\P |

pron allx  ney v prep

We can--not send everybody to college

JP
10

NP v P

Pron  aux v

He---has got a personality that | does--not quit
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////\\\‘\\\\\\\\\\\\\~= . JpP
NP " /\ 11
1 \IP P
pron aux I plrt 4 ad j
e can liven up any conversation
JP
16
NP :
\p
pron i{f/\\\§ pIon pirt
Hemeemmamaeeaa wvill pick it up
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JP

19

an

pron
hands

ae
20

adv

dYnamite person
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Jap
22
NP , ' P
/////)7’ NP Adv. P.
pron adv v pron adv adj

I still find that utterly . amazing
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APPENDIX B

INSTRUCTIONS 10 LISTENERS FOR S/R IDENTIFICATION TASK

In this experiment you will be listening to sentences
spoken -by three different speakers. Some of these sen-
tences were spoken spontaneously in conversation while
others vere read from q'script. Listen carefully to each
sentence. If you think the sentence wvas read, circle R.

If you think it was spoken spontanepusly, circle S. On the
response sheet there are thfee different size Rs and three
different size Ss aftér each sentence. In indicating your
response, circle the largest letter if you are posifive about
your choice. If you are fairly certain, but not completely
~confident in your response, circle the middie size letter.

If you have considerable doubt about your response circle

the smallest letter. You must make a choice. Guess if neces-

sary.
You will hear a hissing sound at the beginning of each
sentence trial. After the hiss the sentence will be pre-
sented twice. Following the second presentation there will
be a brief silent interval during which you can mark your
response sheet. |
These sentences were computer manipulated and may

sound strange. Do not worry about the content of the sen-
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tences; just concentrate on deciding whether they were
read or spoken spontaneously.

Would you also please answer the questionAon the bot-
tom of the last responsé sheet?

Thank you for your time.
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SAMPLLE RLESPUNSE SHEET

Lislener's Name Dule

10.

ll.

12.

Specaker #1

Some uropean sysbtems wvork that way, but IR R SS .
couldn'tl see it,. R -S
No, he couldn't. ' RR R SSS

Some Europcan systems work that way, but IRRRSSS

couldn't see it.

Some Luropean systems work that way, but IRRRSS S

couldn't see it.

Some Europecan systems work that way, but IRR RSSS
couldn't see it.

N6, he couldn't. RRRgSS
N.o, he couldn't. RR RSSS
No, he couldn't. RR RSSS

And the 'others found jobs where they °°“ldRRRSSS

be trained.

You read the same language. RRRS SS
I've never seen the room that Norm's in. R RRQSS
And you wonder how they're going to make 1tRRRSgS



15,

la.

17.
18.
.19,
20.
21.
22.
23.
24.
'25.

26.

27.

I cun'l yel thal excited about the SAls
scorces falling.

Thalt's Lhe mark that you've made it.

There 1o no New York Written accent,

NoL one of Lhem had to do with teaching.

This is an aptitude test.
I've never even seen it.
They tend to lose things literally.
They're notlas healthy.n
I don‘f think that's our job. ~

It measures innate ability.

167

RRRSSs
RRRSSs
RRRSSs
RRRSSS
RRRSSs
RRRSSs

RRrRSSs
RRRSSs

RRRSSs
RRRSSs

But they're not the ones taking the SATS.R R R SSS

It's almost a psychological thing.

That's always the instinct.

RRRSSs
RRRSSs

We've alwvays been cranking out kids who vere

only marginally literate.

They're losers.

RRRSSs
RRRSSS
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Spoakor 12

1. 1 should be, but I'm not. RRR SSS
2. 1 should be, but I'm not. | RR R SSS

3. If you‘rc‘ satisfied vith it, then you are RR gg
developing yourself, ‘ N | R S

4, If you're satisfied with it, then you are S
developing yourself. ’. R R R S S

5. 1 should be, but I'm not. KRR S Ss

6. 1 should be, but I'm not. ‘ RRRSSS

7. If you're satisfied with it, then you are S
developing yourself. RR Ss

8. If you're satisfied with it, then you areRRR SSS

developing yourself,.

9. You said a Tuésday vould be good. RRRSSS
10. Next Tueéday's no good. R R R S SS
11. Something that they need. R R R S Ss

12. That's effective communication. RR RSSS
13. But I will start to do that shortly. R R RS SS

14, Feminism. | R R R S SS
15. This is just what men are afraid of. RRR SSS

16. I knov of a good Italian restaurant in Plainfield.

RRRGSs



17.

18.

19.

20.

21.
22.

23,
24.

25,
26.
27.
.28.

29.

169
No .

That's between you and me and the micro- R RR SSS

phone.

You don't know who contributed how much. R R R SSS
Eve'rybody'é freedom might be considered R S

a threat to someone else. R R SS
Norrie. R RR S SS
I specifically asked her about articulation.R RR SSS
It has beon-suggeated to me that I spend R S

more time on that. R R SS
Maybe you should try it in your sneakers R S

first. ' : R R SS
I have a list of things I wvon't do. R R RSSS

I'll have to make some pbsitive plans. R R R S QS
You'll help me do that. ‘ R R R SSS

Yeah. | ' R R R S SS
This is what frightens men. | | R RR S Ss

Speaker {3
In a graduate class one professor said S
something that made a lot of sense to me. RR R Ss

He says, "You knowv someone's got to be
a garbageman." A R R R S SS




10.

11.
12.

13.
14.
15.

16.

17.
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He suys, "You know someone's got to be R R R ggs

u garbuageman.”

lle says, "You knou somconc's got to be R RR S SS

n garbageman.,”

In o graduate class one professor said R S
something that made a lot of sense to me. RR SS
In a graoduate class one professor said R SS
gsomcbthing that made a lot of sense to me. RR S
In a graduate class onc professor said R g S
something that made a lot of sense to me. RR S
He says, "You knowv somecene's got to be aR g
garbageman." : R P\ S S

But I have the average kids. R z R ggs
He's excellent with his hands. R 1 R SSS

Well, first of all let's look at it FromR g
the math angle. 2 R g S

You know he'll be able to divide mentallyR S
in his head. R R g S

They don't have that answer in their head.RRR SSS
He can' liven up any conversation. RR R gg S
I'm not teaching the brighter kids. RR R ggs

In the sense that he doesn't sit down andRRRgSs

read a book.,

He's a dynamite person. RRR SSS
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19.
20.

21.

22.
23.
24,
25.

26.
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Ihore tu o luack of obllily In Just 'u“du-R R R SSS

mental arithmotice.

I oatill find t:.hnt utﬁcrly amazing. RR P\ SS S
I don't have any of the advanced classcs.R R R SSS

But the slower kids can't do it, and thoyR R R S SS

don't want to do it.

He's got a personality that doesn't quit,RR R SSS
!
Cddy Vent. RRRSSS

We canfl; send everybody to qollege. RR R SSS
He'll pick it up. | | RRRSSS
No. | ' RR RSSS‘

Whal criteria did you use in making your decisions as to
vhether the sentences were rcad or were spoken spon-
tancously?
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APPENDIX D

Lisl of bigyllabie words used in making measurements for SUR
“Hpeaker
frighlteng afraid freedon
soméone yourself assume -
cr between shortly something
n=16
Norrie Tuesday Tuesday's
Chinese Plainfield maybe
New York wvritten accent
losers healthy measures
innatg almost teaching
KM about falling systems
n=27 ‘
couldn't (2) always (2) cranking
only never (2) even
language instinct others
vonder going taking
~teaching brighter angle
ansver advanced classes
JP divide slover something
n=leé college doesn't (2) liven
' someone's garbage person



APPENDIX E
FUNDAMENTAL FREQUENCY CONTOURS

(Spontancous Versions on top; read versions on bottom)
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