BRUCE HAYES AND ADITI LAHIRI

BENGALI INTONATIONAL PHONOLOGY*

This paper proposes a phonological analysis of the Bengali intonational system, using
a descriptive framework developed by Pierrehumbert (1980) and others. Our analysis
bears on a number of theoretical points. We argue that the Bengali facts support a
typology of intonational tones that includes only pitch accents and boundary tones,
and that the docking sites for boundary tones are the phrase edges provided under
the theory of the Prosodic Hierarchy (Selkirk 1980). We show that Bengali inton-
ational contours are governed by the obligatory Contour Principle (OCP), which
forbids adjacent identical tones. Underlying contours that violate the OCP are con-
verted to permissible surface forms by a phonological rule. We also bring Bengali
data to bear on a long-standing controversy concerning phrasal stress: Bengali can be
shown to have a default, phonologically assigned phrasal stress pattern; thus phrasal
stress assignment cannot be reduced exclusively to focus and other semantic factors.

1. INTRODUCTION

Intonation is studied in several areas of linguistics, including pragmatics,
semantics, syntax, phonology, and phonetics. This paper is about the
phonology of intonation in Bengali. We seek to describe in formal terms
the set of Bengali intonation contours and to account for how the various
contours are aligned with a given text.

Our results bear on the formal theory of intonation developed in work
by Liberman (1975), Bruce (1977), Pierrehumbert (1980), Beckman and
Pierrechumbert (1986) and others in this research tradition. We address
three areas:

BOUNDARIES AND BOUNDARY TONES: QOur results support the claim of
Beckman and Pierrehumbert (1986) that the ‘“‘phrase accent” of Bruce
(1977) and Pierrehumbert (1980) can be reanalyzed as a BOUNDARY TONE,
and that the set of intonational tones thus may be restricted to just pitch
accents and boundary tones. We also argue, using evidence from the
segmental phonology, that the constituency relevant to boundary tone
placement is that provided under the theory of the Prosopic HierarcHyY
(Selkirk 1980, Nespor and Vogel 1986).
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Keating, D. R. Ladd, E. Selkirk, and three reviewers for NLLT for very helpful comments
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THE OCP IN INTONATIONAL PHONOLOGY: We show that the inventory
of available intonation contours in Bengali can be insightfully accounted
for by positing that intonational tunes in this language obey the Obligatory
Contour Principle. We posit a phonological rule in Bengali whose function
is to repair OCP violations.

PHRrRASAL sTRESs: We argue that Bengali has a true phonological rule
of phrasal stress assignment applying in neutral focus contexts. This consti-
tutes evidence against the view held by Bolinger (1972) that all phrasal
stress assignment is non-phonological in nature, reflecting only semantic
factors.

To our knowledge, this is the first attempt at formally characterizing
intonation in Bengali, and as such is somewhat tentative. Qur data are
based on Lahiri’s speech, checked against that of three other native speak-
ers of Calcutta Bengali. Earlier work in this area (Chatterji 1921, pp. 20~
21; Ferguson and Chowdhury 1960, pp. 25-28) is fairly sketchy, but
appears to describe patterns fairly similar to what we present below.

2. THEORETICAL FRAMEWORK

We first describe the framework we adopt for the formal description of
intonation. The ideas we present are taken from work by Liberman (1975),
Bruce (1977), Pierrehumbert (1980), Beckman and Pierrehumbert (1986),
and elsewhere in the substantial research tradition on intonation. The
reader should note that what follows is not a direct summary of the works
just cited; rather, we present what we take to be the crucial leading ideas.
In addition, the notation we will use is our own, which we have developed
in the interest of greater clarity and explicitness.

2.1. Tune and Text

Intonation contours can be usefully analyzed as TuNEs: that is, as formal
entities separate from the linguistic text. The tunes reside in an “inton-
ational lexicon” and convey (often highly elusive) intonational meanings.
At a particular postlexical level of the grammar, called “intonated surface
structure” by Selkirk (1984), linguistic texts are paired with particular
tunes. Rules of the phonology then align the tune and the text with
autosegmental association lines. Following the phonology, phonetic rules
compute actual pitch trajectories from the phonological representation.
At the phonological level, tunes consist of sequences of tones, arrayed
on a separate tonal tier as in tone languages (Goldsmith 1976). To give
an oversimplified example, a tune of English that is used to express
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surprise or emphasis could be analyzed as the tonal sequence L HL (Low-
High-Low). It is linked to four different texts as follows:

(Da.  Alexander! b. Thedphilus!  c. Abernathy!  d. Tém!
N | |V |\ N
LH L LH L WH L LHL

Based on these data, we can posit the following rules to associate the
tones of the tune to the syllables of the text. Note that these rules are
purely illustrative; more sophisticated apparatus will be introduced as we
proceed.

(2)a.  Associate H to the main stressed syllable.
b.  Associate the first L to syllables preceding the main stress, if
there are any.
c.  Associate the second L to all syllables following the main stress;
if there are none, associate L to the same syllable as the H

tone.

Similar rules can associate other tunes to the same texts. For example,
a question tune, H L H, could be associated to the texts of (1) as follows:

(3)a.  Alexdnder? b. Theédphilus? c. Abernathy? d. Tém?

N IV | N\ N

HLH HL H L H HLH

It is this relative freedom of combination that justifies the formal separ-
ation of tune and text.

2.2. Phonetic Underspecification

The representations of (1) and (3) would count as correct depictions of
the relevant contours only if we adopted an extreme degree of idealization.
For example, Abernathy with question intonation usually does not receive
a low pitch on Ab followed by a high plateau on bernathy, but rather
displays a continuous rise from Ab to the end of the word. Liberman
(1975) and Bruce (1977) suggested alternative representations that can be
more directly related to the phonetic facts. In these representations, tones
occur only at the crucial defining points of a contour, with rules of phonetic
interpolation determining the course of pitch between them. Under this
view, question intonation on Abernathy might be represented as follows:

4 Abernathy?

| I
L H
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The rules of interpolation allow for various ways of connecting tones in
various contexts (straight line, sag, etc.). Since some kind of phonetic
rules are needed to specify the shape of the output pitch curves, little
seems to be gained by spreading the tones onto syllables where they are
not phonologically significant.

2.3. Phonemicizing the Tone Levels

Pierrehumbert (1980) made the striking claim that the number of contras-
tive tone levels in English is not four (as in Trager and Smith (1951),
Liberman (1975), and much other work) but only two, H and L. The
large array of surface tone heights is predictable, given an adequate set
of phonetic pitch assignment rules. ,

The case for Pierrehumbert’s phonemicization is that it resolves a seri-
ous difficulty faced by systems with more tones, originally pointed out by
Bolinger (1951). A system with, say, four tones analyses certain pitch
contours as distinct when they arguably are not. For example, a contour
like 141 can have essentially the same meaning and usage as a 131
contour, differing only in degree of emphasis. A two-tone phonemicization
represents both as LHL, allowing the paralinguistic factor of overall pitch
range to determine the actual phonetic values.

The rules for pitch assignment in a HL system can be quite complex,
and dramatic in their effects: for instance, a L tone will sometimes be
realized on a higher pitch than a H elsewhere in the same utterance. For
detailed accounts, see Pierrehumbert (1980) and Liberman and Pierre-
humbert (1984).

Our results so far suggest that the Bengali intonational system can
likewise be analyzed as having two tones, H and L. The same reasoning
applies as for English. (a) There are no clear cases in which more than
two heights contrast, when all other factors (i.e. stress, phrasing, and
overall pitch range) are set constant. (b) The same overall tonal contour
can be produced with many different pitch ranges; to phonemicize these
as extra tone levels would fail to provide a unitary characterization for
what is essentially the same contour.

2.4. The Structure of the Tune

An important goal of intonational phonology is to devise general rules of
tune-text association that can apply for all the tunes of a language. Beyond
this, we hope to develop general principles of tune-text association that
are valid cross-linguistically. The work cited above involves interesting
proposals in this direction.
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In order for rules of tune-text association to apply to whole classes of
tunes, it is necessary to give tunes an internal structure that guides associ-
ation. We follow here proposals made in Pierrehumbert (1980), Beckman
and Pierrehumbert (1986), and Pierrehumbert and Beckman (1988), which
works we will abbreviate as PB. PB propose to classify tones according
to the role they play in the system. Their typology of tones is as follows.

Prrcu AcceNTs are tones that get linked to stressed syllables. Formally,
they are annotated with an asterisk (H*, L*).

A special kind of pitch accent in PB’s system is the BITONAL pitch
accent, which in English may take the form L* + H, H* + L, L + H*, or
H + L*. In some bitonal pitch accents (L* + H,H + L*, L + H*), the
starred tone falls on a stressed syllable, while the other tone specifies a
rapid pitch change just before or after the stress. For example, L* + H
indicates the so-called “scooped” pitch accent (Beckman and Pierrehum-
bert 1986, p. 281): low on the stressed syllable, with a rapid rise just after
it. In certain other bitonal pitch accents (English H*+L), the L tone
serves a purely diacritic function; it is not phonetically realized, but trig-
gers downstep (a lowering in pitch) of following H tones.

In Bengali, it appears that there are no overtly realized bitonal pitch
accents. Like PB, however, we adopt below one of the bitonal accents
(L + H*) for the description of downstep.

The next kind of tone in the PB system is the BoUNDARY TONE, marked
T%. In our interpretation, such a tone “links to a boundary” rather than
to a syllable, meaning that the pitch target is aligned with the actual edge
of a phrase rather than a particular syllable. Boundary tones allow for
phonological representations that are closer to phonetic form. For exam-
ple, when Abernathy is said with question intonation, there is a brief
period of fairly flat low pitch on the first syllable Ab, during which the
low tone hits its proper value. But there is no corresponding flat H region
on the last syllable thy; rather, pitch keeps climbing until phonation has
ceased. Placing the H tone on the right boundary, as in (5b), depicts in
a natural way the fact that pitch rises to the very end.

(5)a.  Tones Linked Always to Syllables
(hypothetical form)

e

[Abernathy?]

1 I
L* H
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(5)b.  Boundary Tone Representation
(possible English intonation)

_

[Abernathy?]

I |
L* H%

PHRASE ACCENTS, notated H™, L™, were originally proposed by Bruce
(1977) in an analysis of Swedish. In English (Pierrehumbert 1980), the
phrase accent is an extra tone found between the rightmost pitch accent
and the final boundary tone. Its alignment in time is somewhat variable,
and it controls the pitch in the region between the last accent and the
boundary tone.

Beckman and Pierrehumbert (1986) propose to analyze the phrase ac-
cent as a kind of boundary tone. Their proposal is as follows. The domain
of a full intonational tune (i.e. the text it is lined up with) is called the
InToNATIONAL PHRASE (IP). Each Intonational Phrase is divided up, more
or less on syntactic grounds, into one or more INTERMEDIATE PHRASES,
which we will abbreviate ip.

Under this theory, the old “phrase accent” is now the boundary tone
of the Intermediate Phrase, while the old “boundary tone” is now the
boundary tone for the Intonational Phrase. The overall scheme works as
follows:

-

6) plpogdo doly [po doly, [podaado 1 he
|

. o R
™" T T% ™ T%  T¢ T* T%T%

PB present two arguments for this idea. First, it lets them describe pre-
viously problematic cases in which tonal excursions occur that are more
complex than can be described with the pitch accents alone, but do not
involve the full phonological disjuncture and tonal possibilities found at
Intonational Phrase breaks. Second, the new account provides an elegant
rationale for why a richer variety of pitch contours is possible after the
rightmost pitch accent: it is only here that the phrasing assigns two con-
secutive right brackets, hence two boundary tones.

Note that in (6), the last two boundary tones are linearly ordered at
the very end of the segmental material in the utterance. Strictly speaking,
such an ordering should be impossible, since two different tones cannot
be executed simultaneously. In actual practice, such sequences of boun-
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dary tones are executed as fairly rapid pitch excursions during the final
portion of the text. In other words, the phonetic alignment deviates slightly
from the abstract phonological specification, in order to make both boun-
dary tones realizable. We suggest below that essentially the same phenom-
enon occurs in Bengali.

Our description of Bengali roughly adheres to PB’s overall scheme for
the description of tunes, but with some differences.

First, we posit that some Bengali contours have two tones linked to the
Intonational Phrase boundary, as in (7):

(7)8. ]I b. ]I

N\

L H H L

As in English, sequences of final boundary tones are rendered as a rapid
pitch excursion, close to the right edge of the phrase. In practice, this
usually places the entire excursion on the final syllable.

Second, in describing levels of phonological phrasing, we draw on an
independent research tradition on phrasing, the theory of the Prosodic
Hierarchy (Selkirk 1980, Nespor and Vogel 1986). This theory, which is
based on evidence from junctural phenomena rather than intonation, also
posits a level of phrasing immediately subordinate to the Intonational
Phrase, namely the PHonoLOGICAL PHRASE. It is an unsettled issue
whether the Intermediate Phrase and the Phonological Phrase are the
same thing.' In the case of Bengali, we will show below that the exact
same phrases that control juncture effects also control the intonation
pattern. For this reason, we use the term Phonological Phrase, to empha-
size this identity.

A notational change we adopt is intended to distinguish the boundary
tones that occur at different phrasal levels. We will notate boundary tones
occurring at Phonological phrase boundaries as Ty, and boundary tones
occurring at Intonational Phrase boundaries as T;. As we will see, the
distribution between Tp and T; is a crucial one in Bengali.

Pierrehumbert and Beckman (1988) distinguish T and T; by beefing
up the theory of autosegmental association, so that tones can be linked
directly to high-level nodes in the hierarchy of phrasing. Since nothing in
what we will say bears on this proposal, we use the tonal diacritics for
brevity.

! Indeed, Gussenhoven (1990) argues that intonational and prosodic domains need not be
isomorphic, and that instead intonational domain boundaries need only coincide with some
prosodic boundary. However, to our knowledge such mismatches do not occur in Bengali.
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A final difference between our proposed Bengali structures and PB’s
English ones is that in Bengali, not all positions are structurally obligatory.
Some Bengali tunes have four tones: T*, Tp, and two Ty; but others have
just T* and a single Ty. Because Bengali tunes may include so few tones,
many brackets in prosodic structure are not marked intonationally.
/T* Ty/ appears to be the minimum permissible phonological specification
for a Bengali nucleus.

2.5. Generalized Rules of Tune-Text Association

Given the enriched structure of the tune that we assume, the actual
phonological rules for tune-text association are very simple:

(8)a.  Pitch accents associate with stressed syllables within their
phrasal domain.
b.  Boundary tones associate with the boundary for which they are
diacritically marked.

These rules are illustrated below with an example in which a declarative
tune with continuation rise is associated with the text Abernathy. This
short text constitutes both a Phonological Phrase and an Intonational
Phrase, following general principles of Prosodic Hierarchy theory. Levels
of stress are indicated in grid notation (Prince 1983).

®

X
X X
XX X X

[[ Abernathy Jp 1;

| |
H* Lp H;

Note that because the text ends at the right end of both a Phonological
Phrase and an Intonational Phrase, there are two boundary tones. These
are implemented as a rapid excursion from L to H, near the end of the
text.

Rule (8a) is ambiguous, in that it does not dictate the outcome when
there is more than one stressed syllable available to which a pitch accent
could be associated. Here, the correct outcome is determined by stress
levels, following the principle (10), from Pierrehumbert (1980, p. 37):

(10) Given a choice of where to link a pitch accent, link it with the
strongest stress of its phrasal domain
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This principle forces the H* pitch accent to be aligned with the first
syllable rather than the third, which bears only secondary stress. In gen-
eral, because of principle (10), the main stress of a phrase forms the
central linking point for aligning a tune.

To sum up, in our analysis of Bengali we adopt a theory of intonational
structure that posits a sequence of one or more Phonological Phrases,
grouped into an Intonational Phrase. Each Phonological Phrase may con-
tain one or more pitch accents (T*), and may end in a boundary tone
(Tp). The Intonational Phrase supplies one or two additional boundary
tones, labeled Ty. Tones may be H or L, and the actual pitch of a H or
L is determined by phonetic rules.

3. BENGALI STRESS

Since the docking sites for pitch accents are stressed syllables, the first
task in an intonational analysis is to determine where stress is located.
For Bengali, word stress follows a very simple rule (cf. Chatterji 1921,
Klaiman 1987):

1D Word Stress
Stress the initial syllable of a word.

This rule is inviolable. Compound words also have their strongest stress
on their initial syllables. There may also be a weaker stress on the initial
syllable of their second member, but this is hard to hear.

For Bengali phrasal stress, we adopt the rules under (12)-(13), which
assign initial prominence to Phonological Phrases (hereafter, P-phrases)
and final prominence to Intonational Phrases (hereafter, I-phrases).

(12) P-phrase Siress
Within the P-phrase, the leftmost non-clitic word is the strong-
est.

(13) I-Phrase Stress
a. A P-phrase bearing narrow focus receives the strongest
stress of its I-phrase.
b. Under neutral focus, the rightmost P-phrase within the I-
phrase is the strongest.

Some examples of how our rules apply appear in (14).
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(14)a. X
X X
X X X X

X XX X X XX X X XX

[[ $&moli J]p [ ram-er bari Jp [ d"uket"ilo ]p Ii
Shamoli Ram-’s house entered

Shamoli entered Ram’s house (neutral focus)

b. X
X X X
X XX X X X X X XX
[ $zmoli Jp [ or bari Jp[ d"ukecilo |p Ii
Shamoli hislher house  entered

Shamoli entered his/her house (neutral focus)

C. X
X X X X
X XX X X XX X X XX

[ $&moli Jp [ ram-er bari Jp [ d"uke&®ilo ]p |1
Shamoli Ram-’s house entered

Shamoli entered Ram’s house

Example (14a) illustrates the application of rules (12) and (13b). Case
(14b) shows how clitic-like words such as or ‘his/her’ fail to get stressed
in P-phrase initial position (cf. (12)). Case (14c) shows how focused P-
phrases attract main stress.

Our rules are based on the view that languages have normal, default
stress rules, which may be overridden in cases of narrow focus. Arguments
for this general view of phrasal stress and focus may be found in Ladd
(1980, pp. 50-99), Culicover and Rochemont (1983), and below. The
term “‘focus” is hard to define precisely. Our usage basically follows
Gussenhoven (1984, pp. 17-18, 65-68), except that we use ‘“neutral focus”
to describe sentences that Gussenhoven would describe as consisting en-
tirely of focused material.

Note that predicate-argument structure (Schmerling 1976, Selkirk 1984,
Gussenhoven 1984) does not seem to play a role in Bengali stress. Whereas
in a German sentence like Ram hat Schamoli gesehen, ‘Ram saw Shamoli’,
the argument Schimoli takes stress over the predicate gesehen; in the
Bengali version Ram $zmoli-ki dék”lo, stress goes on the rightmost P-
phrase dek”lo, obeying a purely phonological generalization (for discussion
of P-phrasing, see Section 9).

A final caveat: stress in Bengali is usually quite weak phonetically,
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sometimes to the point of being almost inaudible. Our stress rules are
supported by two types of evidence. First, in emphatic speech, the stresses
are stronger and more audible, and occur where the rules above predict.
Second, the stress rules are supported by the internal coherence that they
provide to the intonational system: all of the various intonational contours
we discuss below link up to texts in essentially the same way. If we
didn’t posit stress rules for Bengali, the fact that all contours are aligned
identically would go unaccounted for. That is, in Bengali as in other
intonation languages (cf. Ladd (1980, pp. 34-49) for English, Dell (1986,
pp. 65-71) for French), stress serves as the basic organizing principle for
tune-text association.

4. Basics oF BEncgavrl InTonaTION: Hp vs. H;

Intonation scholars often divide contours into two parts:

(15)a. Nucreus: the main stressed syllable plus everything after it

b. Heap: everything before the main stressed syllable

This usage follows among others Ladd (1980, p. 16). The head/nucleus
distinction is not crucial to our analysis, but will serve as useful descriptive
terminology. We cover nuclei in the next four sections, and the head in
Section 8.

The central aspect of our analysis is the distinction between Tp and Ty,
that is, boundary tones linked to a P-phrase boundary vs. an I-phrase
boundary. We begin by motivating this distinction.

4.1. Yes/No Questions and H;

The following example illustrates the Bengali nucleus most often used for
yes/no questions.
(16) tumi-ki kdgojola-ke dek"le?
you Q-part. newspaperman-obj. saw

Did you see the newspaperman? (yes/no question nucleus)

200ms | ;
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This sentence has narrow focus on kagojola-ke ‘the newspaperman’, so
that the first syllable of this word, ka, gets the main stress of the sentence.
In the yes/no nucleus, the main stressed syllable gets a low pitch, and
pitch then rises smoothly to the final syllable (here le), whereupon it falls
again quite rapidly. The first syllable in this example is quite stressless.”

We phonemicize the yes/no question contour as L* H; L;, giving the
nucleus of (16) the structure of (17). We include a metrical grid to show
the stress pattern.

17 X
X X
X XXX X X X

[ ...[ kdgojola-ke |p [ dek"e ]p Ir

| /\

L* Hi L

The L* docks onto the main stress, accounting for its especially low
pitch. Phonologically, the H; L; sequence lodges entirely at the end of the
utterance. As in the English example of (9), this is interpreted phonetically
as an instruction to reach a high peak followed by a final low value, fairly
rapidly. The gradual, then accelerated rise from L* to Hy is computed by
phonetic rule.

4.2. The Focus Nucleus and Hp
The contour we will call the focus nucleus is shown in (18).

(18)  ami kdgojola-ke dek"lam
I newspaperman-obj. saw

I saw the newspaperman. (focus nucleus)

2 A little guidance for the uninitiated in reading pitch tracks may be useful. (a) Voiceless
obstruents often perturb pitch: pitch is lowered just before a voiceless obstruent, and raised
just after it. In (16), these effects can be seen for /k/ and /kP/. (b) Pitch is often lowered
during a voiced obstruent, as in the /g/ of kagojsla and the /d/ of dek"le. Neither one of
these perturbations seems to be phonologically relevant in Bengali, though in historical
change these effects have led to phonemic tone in other languages. (c) At least in Bengali,
the phonetic target for a pitch accent is often reached rather late in the accented syllable.
This is true, for instance, of the accented syllable /ka/ in (16). Indeed, because voiced
obstruents lower pitch, it is the /g/ of the second syllable that receives that actual pitch
minimum. '

Segment labeling of the pitch tracks was carried out using the original waveforms. which
are not included here.
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200ms |

The focus nucleus is used for statements in which a particular constituent
is emphasized; in this case, the NP kagojola-ke. The focus nucleus is like
the yes/no question nucleus in having a L* tone on the main stress of the
phrase, and in having an overall rise-fall shape. But the H tone in the
focus nucleus is aligned differently. In (18), the H falls near the end of
the focused constituent, kagojola-ke, rather than near the end of the
sentence as in (16).

We have gathered many examples to determine how the H tone of the
focus nucleus is aligned. Our data suggest that the H tone always appears
on or near the right edge of a focused constituent. In other words, the H
of the focus nucleus serves as a focus marker, somewhat like the phrase
accent proposed for Swedish by Bruce (1977).

To account for the data, we make two assumptions. First, we posit as
a first approximation that the rules for phonological phrasing in Bengali
always make a focused syntactic constituent into a single P-phrase. That
focus can determine phonological phrasing is by now well documented,
see Poser (1984, p. 107) for Japanese, Inkelas (1988) for Hausa, Cho
(1990) for Korean, Condoravdi (1990) for Modern Greek, Kanerva (1990)
for Chichewa, and Selkirk and Shen (1990) for Shanghai Chinese. In
addition, we will present evidence below from the segmental phonology
to support our claim.

We also assume that phonemically, the focus nucleus is L* Hp L;. Tune
and text are linked as follows: L* goes on the nuclear stress, Hp is linked
to the right edge of the P-phrase that contains the L*, and L; is linked to
the right ]; boundary:

(19)  [...[ kégojola-ke Jp [ dek"am Jp ]

| | |
L* Hp L,

Phonetic rules compute smooth, slightly drooping curves between the
tones.
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One can see that in our analysis, both the yes/no question nucleus and
the focus nucleus are tonally L* H L, but they differ in their boundary
alignments: the yes/no question nucleus is L* H; Ly, so that the H is placed
near the end of the I-phrase. The focus contour is L* Hp L, so that the
H is placed near the right edge of the focused constituent.’

Our claim that Hp is a focus marker is supported by minimal pairs. Our
first example is the pair of Wh-questions in (20) and (21). In Bengali, Wh-
phrases are normally focused (cf. Culicover and Rochemont 1983, p. 140)
and the Wh-word (here kon ‘which’) receives the nuclear stress.

20) tumi kén ma&”er-mat"a ranna-korle?
you which fishhead cooked

Which fishhead did you cook?

Structure:
X
X X X
X X X X X
X X X XX X X X X

[...[ kén mag"er-mat®a ]p [ ranna-korle ]p ]
|

| l

L* Hp LI

3 Two NLLT reviewers ask if the yes/no question nucleus might be reanalyzed as L* Hp L,
with the stipulation that the verb must be phrased together with its object whenever the
sentence is a yes/no question. This seems unlikely to us. First, we know of no other
cases in which phonological phrasing is sensitive to the distinction between questions and
statements. More important, the proposal is falsified by facts of segmental phonology, as we
will show in Section 9.
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(21) tumi kén maé"e-r mat"a ranna-korle?
you which fish-’s head cooked

[Which fish’s] head did you cook?

Structure
X
X X
X X X X X
X X X X X X X X X

[...[ kén mat®er ]p [ mat"a ]p [ ranna-korle Jp i
|

1 |
L* Hp LI

The location of the pitch peak in these two utterances is predicted by
our claim that Hp is a boundary tone for the focused constituent. This is
kon maé¢"er-mat"a ‘which fishhead’ in (20), and kon mac¢”er ‘which fish’s’
in (21). The location of the pitch valleys is determined by our phrasal
stress rules: by (13a), the strongest P-phrase in each utterance is the one
containing the focused constituent (kon mac”er-mat"a or kon macé’er);
and by (12) the strongest word of the strongest P-phrase in each case is
the leftmost non-clitic word, kon. Following principle (10), it is this syl-
lable which attracts the L*,

4.3. The Focus Nucleus on More Complex Texts

To illustrate the focus contour more thoroughly, we will go through some
of the possibilities for aligning it with the sentence in (22).
(22) aj  ami raja-r "obi-r jonno taka anlam
today I  king’s pictures-gen. for  money brought
Today I brought money for the king’s pictures
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The following list shows the cases in which all or part of the phrase
raja-r ¢" obi-r jonno taka ‘money for the king’s pictures’ is focused. In the
diagrams, we show P-phrase bracketings only for the focused constituent.
The pitch tracings we have obtained for these utterances look much like
(20) and (21), with a valley on L*, a peak on Hyp, and a fall at the end.

(23)
a. [ aj ami [ raja-r &"obi-r jonno taka ]p anlam ]

| | l
L* He L,

b. [ aj ami [ raja-r &"obi-r jonno Jp taka anlam J;

| i |
L* Hp Ly

. [ aj ami [ raja-r &obi-r ]p jonno taka anlam J;

L* Hp LI

(g}

d. [ aj ami [ raja-r Jp & obi-r jonno taka anlam J;

o |
L* Hp LI

[¢]

. [ aj ami raja-r [ &obi-r ], jonno taka anlam J;
] J p

o i

L* Hp Ly

f. [ aj ami raja-r &"obi-r [ jonno }p taka anlam ;
)

. |
L* He L,

. [ aj ami raja-r &"obi-r Jonno taka Jp anlam };
] J ]

| |
L* Hp L

aQ

Focused Constituent
‘money for the
king’s pictures’

‘for the king’s
pictures’

‘the king’s
pictures’

‘the king’s’

‘pictures’

‘for’

‘money’

It can be seen that the L* Hp sequence always “‘outlines” the focused

constituent.

Sentence (22) is actually ambiguous, since the phrase raja-r ¢”obi-r
jonno taka ‘money for the king’s pictures’ can also mean ‘the king’s money
for pictures’. The two readings have roughly the following structures:
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(24)a. b.
NP NP
PP N'
NP PP
/\ /\
NP N P N NP NP P N
I | | |
raja-r & obi-r jonno taka raja-r ¢ obi-r jonno taka
king’s pictures-gen. for  money king’s pictures-gen. for ~ money

money for the king’s pictures the king’s money for pictures

The ambiguity adds even more intonational possibilities for sentence (22).
For example, if the L* Hp sequence outlines the words ¢"obi-r jonno
taka, we get the reading ‘I brought the king’s money for pictures’. Note
that with this intonation, the sentence is unambiguous. Under the reading
(24a), the sequence ¢"obi-r jonno taka doesn’t form a constituent; and
only constituents may be focused and thus receive the L* Hp contour.
For this reason, only (24b) yields a possible interpretation under this
alignment. We refrain from listing the remaining possibilities for intonat-
ing (24b), which are what one would expect.

Note finally that if we try to align L* Hp with a sequence that isn’t a
constituent under either reading, the result is ill-formed. Note that jonno
‘for’ is a postposition.

(25) *[ aj  amiraja-r &"obir [ jonno taka  Jp anlam |,
i | |

L* H; L,
today I  king's pictures-gen.  for — money brought

To summarize, we believe the evidence is fairly conclusive that the
L* Hp sequence in Bengali outlines focused constituents. We argue below
that focused constituents in Bengali attract P-phrase breaks; hence our
treatment of Hp as a P-phrase boundary tone.

4.4. Hp in Final Position

Although final P-phrases in Bengali attract the default nuclear stress, they
can also receive nuclear stress by virtue of being focused. An example
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here is (26), which has a focused predicate:
(26) [oi ¢&Pele-ti [15mba Jp ]
o

L* Hel,
that boy-def. tall

That boy is rall. (focus nucleus)

Since the focused constituent /omba is final, the pitch curve for the focus
nucleus has much the same shape as a yes/no question, as in (27):

(27) [oi ¢&Peleti [13mba Jp

| /\
L* Hy L
that boy-def. tall

Is that boy tall? (yes/no question nucleus)

In both cases, we have L* on the main stress. Both have a HL sequence
aligned with the right edge of the utterance, and thus phonetically realized
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as a rapid pitch excursion on the final syllable. Note that both HL se-
quences are, strictly speaking, I-phrase final; brackets only mark edges
and do not have phonological duration.

Despite the similar shapes of these curves, Bengali does manage to
maintain a distinction between them: in all contexts, H; normally receives
a higher pitch than Hp, all else being equal. Thus the pitch peak in (27)
is higher than that in (26). We have measured many other examples of
H; and Hp, in utterances with both broad and narrow overall pitch range.
In our measurements, H; ranges from 330-500 hz. while Hp ranges from
200-420 hz. Subjectively, we judge that when overall emphasis is kept
constant, Hj receives a higher pitch than Hp.

A complicating factor is that questions in Bengali tend to be pronounced
with a greater overall pitch range than statements. But if we control for
this, comparing only Wh-questions (L* HpL;) with yes/no questions
(L* Hr L), a substantial difference still remains. Examples (26) and (27)
involve a large pitch difference (240 vs. 365 hz.), since in order to obtain
a minimal pair, we had to compare a statement with a question.

The difference in pitch between H; and Hp does not argue that they
are phonologically distinct tone levels. These tones occur in different
environments (linked to ]; vs. linked to ]p), and therefore do not contrast
phonologically. It is true that H; and Hp differ diacritically, in terms of
an underlying marker that indicates what boundary they associate with.
But the phonetic pitch rules need not refer to this diacritic, but only to
the surface context of the H. Below (Section 6), we present an argument
that H; and Hp should indeed be classified as phonologically the same
tone.

To conclude this section: we have argued that Bengali has two contrast-
ing nuclei, L* Hy L; and L* Hp L;. The nuclei differ in how the H tone is
linked (right edge of the I-phrase vs. right edge of the focused P-phrase);
and in their phonetic pitch targets. When focus occurs in final position,
the two contours usually differ phonetically only in the height of the H
tone.

Before we proceed further, one caveat is needed. Although the general-
ization that Hp links to the right edge of the focused P-phrase seems
secure to us, we must note that phonetically, there is some variation: the
phonetic location of the Hyp peak often occurs one or two syllables before,
and occasionally a syllable or two after the ], boundary to which Hp is
linked phonologically. Similar variation in the placement of Hyp has been
noticed for Swedish by Bruce (1977). Where differences of focus are to
be made precise, the alignment of Hp can be controlled carefully to do
this. But in less guarded speech, there is variation.
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5. THeE NUCLEI OoF BENGALI

Our account of the L* H;L; and L* Hp L; nuclei provides a framework
for classifying the nuclei of Bengali in general. We have located four
structural positions in which L can in principle contrast with H: the nuclear
accent T*, a boundary tone linked to ]p, and up to two boundary tones
linked to ];. In this section, we go through the various ways in which these
structural positions may be filled in the various Bengali nuclei.

5.1. The “Offering” Nucleus
This contour naturally arises in polite offerings, as in (28).

(28) [ tumi-ki k3fi k"abe? |,

| 1
L* H,
you Q-part. coffee drink

Would you like some coffee?

- L* Hy

200 P— ¢ ki1 k
yom i h . h
2] f 1 k
100 B
100ms |
| i |

Occasionally, we have noticed this contour used as a way of asking a
question tentatively, as a somewhat hesitant vocative, and as a declarative
contour with a continuation rise. The shape of the offering nucleus in-
volves a low pitch on the nuclear syllable, followed by a stretch of level
or slowly rising pitch, followed by an accelerated rise around the final
syllable of the I-phrase. We phonemicize this nucleus as L* Hj.

T

—

|

5.2. The Declarative Nucleus

Declarative intonation in Bengali is used when there is no intent of placing
focus on any particular constituent. Phonologically, it takes the form
H*L,;. That is, a pitch peak occurs on the main stressed syllable, and
pitch falls fairly gradually to a low at the end of the I-phrase.
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(29) [[ tomake ami ]p [ fén-korbo Jp Ir

l |
H* Ly
you-obj. 1 will-call

I will call you.

Hz

Ly

H*
400 —
300
200 !
) . ¢
Lt n
k
100 — o :
- b m h
1 |

Across tokens, the H* peak can take on a large range of values, depending
on the pitch range of the utterance as a whole. In completely unemphatic
contexts, the H* can be scaled so low that there is only a small pitch drop,
and the ear has difficulty discerning pitch or stress distinctions.

A peculiarity of declarative intonation is that it can be used only under
neutral stress placement, with main prominence given to the rightmost P-
phrase in the I-phrase. The reason, we think, is this: the only way a
sentence could have stress on a non-final constituent would be for it to
have focus on a non-final P-phrase, because otherwise the I-phrase Stress
Rule (13b) assigns stress to the rightmost P-phrase. But when a constituent
is focused, Bengali requires use of the focus nucleus, L* Hp L;. Thus the
declarative nucleus is pre-empted in all positions but final.

The restriction of declarative intonation to final position has two impli-
cations. First, it raises a problem for the claim that there is no such
thing as neutral, unmarked phrasal stress (Bolinger 1972). For Bengali
declaratives, any use of narrow focus is obligatorily marked by use of the
focus nucleus L* Hp L;. The fact that the non-focus nucleus H* L; occurs
only on final P-phrases indicates that when narrow focus is not present,
there is only one possible stressing, namely the phonologically assigned
one. The Bengali evidence thus suggests that the traditional distinction
between focus stress and phonologically assigned stress is a real one,

A negative result of the restriction of declarative intonation to final
position is that the detailed tonal structure of the declarative nucleus is
hard to determine. For instance, instead of H* L;, we might posit the
sequence H* Lp Ly, which is the structure motivated by Pierrehumbert
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(1980) for English. Such a tonal sequence would link to the text of (29)
as in (30):

(30)  [[ tomake ami ]p[ fén-korbo ]p ]

l I
H* Ly L,

But nothing in our phonetic measurements would enable us to decide
between the representations of (29) and (30); certainly we have found no
evidence that the two contrast with each other.

In English, the possibilities for diagnosis are different, because declar-
ative intonation may occur on a focused, non-final word. In such cases,
evidence for the structure H* Lp L; emerges: the pitch fall levels off near
the end of the main stressed word. This is shown in (31), in which this
pitch corner appears near the end of the main stressed word Tipperary.

(31) [[ Tipperary ]p [ is monomorphemic Jp |;

| | |
H* Lp L,

Hz

f i [mouk]y

[

This is Pierrehumbert’s (1980, section 2.4) argument for representing the
English declarative nucleus as H* Lp L;; the alternative of H* L; could
not describe the systematic behavior of the “corner” in the fall.

Since structures like (31) are not available in Bengali, we cannot test
for the presence of Lp. For reasons to be made clear later on, we select
H* L, as our representation for the Bengali declarative nucleus.

5.3. Declarative Nucleus with Continuation Rise

This nucleus is used to make statements with the implication that some-
thing else is to follow; it also occurs in other contexts that are harder to
define. Phonetically, it resembles the declarative nucleus, except that pitch
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rises at the very end. The pitch level reached by the rise is usually not
great. We phonemicize this contour as H* Ly Hy, as in (32).

(32) [ ram jok™on §zmoli-ke  boi-ta dilo ..
H* L Hj
Ram when  Shamoli-obj. book-def. gave !
When Ram gave the book to Shamoli, . . . (continues)
Hz W+ LI H[

T

— . e
200 kh0n§am°|'k
2
r o mJ
100 —
250ms |
1 1 ;

Like the declarative nucleus, the declarative with continuation rise is
limited to contexts of neutral phrasal stress. For this reason, we cannot
exclude the analysis H* Ly L; H; on the basis of the data, though below
we give theoretical grounds for ruling it out.

5.4. Focus Nucleus with Continuation Rise

Like the declarative contour, the focus contour has a continuation rise
variant, which occurs in (33) on the word harlo.

(33) [ Jodio ram [ harlo, ¢ (o k™ub bMalo k™ele¢ilo)

IRV

L* Hp L1 Hy
Although Ram lost, (he very well played)
Although Ram lost, he played very well.

Hz

I~ L* HP L[ H[
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In our data, the focus with continuation rise appears much like the focus
nucleus, except that a moderate rise appears on the final syllable. We
phonemicize it as L* Hp L; H;. Note that this nucleus supports our claim
that two boundary tones may link to the I-phrase boundary in Bengali: it
has just the same tones as the ordinary focus nucleus (L* Hp Ly), plus the
H of the continuation rise. The latter tone would have no structural
position available if we didn’t allow it to share the I-phrase boundary with
L;.

5.5. The Downstep Nucleus
An example of the downstep nucleus appears in (34).

34) (jodi tumi na a$o,) tahole ami fén-korbo
if you not comethen I  will-call

If you don’t come, then I'll call.

Here, the main stress is on the clause-final verb, fén-korbo. The sequence
tahole ami receives a rising head, which we phonemicize as'L* Hp. The
main stressed syllable, fén, sounds distinctly lower than the preceding
syllable, but itself begins a pitch fall that continues to the end of the
sentence. The effect is that of downstep, as in many tone languages and
the English contours discussed by Pierrehumbert (1980). Semantically,
downstep seems to indicate some kind of finality.

The analysis of downstep is controversial. Goldsmith (1976) and Ladd
(1983) suggest that downstep is a feature, included in the tonal feature
matrix of a H tone, that induces a lower pitch on the H and all later highs
in the phrase. Others, for example Clements and Ford (1979), propose a
more abstract analysis, based on the following reasoning. L tone fre-
quently lowers the pitch of a following H in HL H sequences. Moreover,
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H + downstepped H sequences are often related phonologically to HL H.
This suggests that downstep is the result of floating L. tone, which has no
phonetic realization itself, but has phonetic effects in triggering a lowering
of the pitch target for H tones to its right.

Bengali is not the language that will resolve this issue. The downstepped
nucleus is not particularly common, and cases of iterative downstep, going
across a whole series of pitch accents, appear to be missing. Thus our
analysis is somewhat arbitrary, based on our general theoretical preference
for the floating L account. Our proposal for Bengali is that downstepped
H* takes the form of a bitonal pitch accent, L + H*. The H* tone is
aligned with the nuclear stress. The L is essentially inert, having no
phonetic target value; its only function is to trigger a phonetic rule lower-
ing the pitch of the following H*. Our analysis imitates Pierrehumbert’s
(1980) analysis of the H* + L pitch accent of English, in which the L
serves only to downstep a following H.

Under this view, the downstep nucleus takes the form L + H* L. Like
the declarative nucleus, the downstep nucleus appears to be limited to
cases of unmarked phrasal stress; it cannot appear on non-final P-phrases
because all such cases involve focus.

5.6. Downstep Nucleus with Continuation Rise

Not surprisingly, the downstep nucleus has a variant with a continuation
rise, phonemicized L + H* L; Hy. This variant is rare, because of a seman-
tic contradiction: downstep suggests finality, but a continuation rise sug-
gests that more is to come. A context that is final on a small scale, but
non-final on a large scale, permits downstep with continuation rise, as in

(35).

(35) (Jodi tumi na aSo,) [[ tahole ami ]p [  fén-korbo; ]p
| | l |
L* Hp L + H* Ly H,
If you not come then [ will-call
(ar jodi tumi afo, tahole lik™bo.)
and if you come then [I-will-write

If you don’t come, then I'll call; and if you do come, then I'll
write.
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L Hp L+H*

— e m i
200 °| a ] §

o
-]

100jms i L | I L

The crucial nucleus here is fén-korbo ‘call’: it is final with respect to the
first clause, and thus merits a downstep, but it is continued by the next
two clauses, and thus merits a continuation rise.

6. THE STRUCTURE OF THE NUCLEAR INVENTORY

The account just given essentially completes the inventory of nuclei we
have found in Bengali. Other nuclei are found in vocatives, but they
repeat the tone sequences already described, and are distinguished instead
by their durational properties; they do not materially effect the points to
be made here. In this section we ask to what extent the Bengali nuclear
inventory is the result of general principles rather than being just an
arbitrary list.

If we combine the three pitch accents H*, L* and L + H* with the
various boundary tone sequences (optional Tp, optional T;, obligatory
Ti), we get a total of 54 logically possible nuclei. Of these, eight actually
exist:

(36)a. L*H; Offering (5.1)
L*H;L; Yes/no question (4.1)
c. L*HpL; Focus (4.2)
d. L*HpL;H; Focus with continuation rise (5.4)
e. H*L; Declarative (5.2)
f. H*L;H; Declarative with continuation rise (5.3)
g. L+H*L Downstep (5.5)

h. L+H*L;H;

Downstep with continuation rise (5.6)

The existing sequences share an obvious formal property: identical tones
do not occur in sequence. We claim that this gap is significant, and that
Bengali is an example of an intonation language that obeys the Obligatory
Contour Principle (OCP; Leben 1973, McCarthy 1986), which prohibits
precisely such sequences.
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Our claim must be defended against a plausible objection: could the
fact that all the tunes obey the OCP be just an artifact of our analysis?
That is, if we set up phonological tones only in those places where the
pitch contour changes direction, the OCP would be obeyed by default. In
fact, it can be shown that the effects of the OCP in Bengali are not at all
vacuous.

Consider first what we might expect as the phonetic result of /L* Hp Hy/.
Such a contour would begin with L* on the main stress, then rise to Hp
near the end of the focused constituent. What would happen next depends
on the phonetic pitch rules for Hy, and we must consider two possibilities.
For English, Pierrehumbert (1980) argues that H; after Hp undergoes an
“upstep” rule, which gives it a higher pitch value than the preceding
Hg. On long nuclei this produces the “double rise” question intonation
illustrated in (37):

37 Is Tipperary ]p monomorphemic? ]y

I l l
L* Hp I"II

.L*

Such rise + flat + rise sequences do not occur as Bengali nuclei.

Su