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ABSTRACT

Focus in Hindi is prosodically marked by means of post-focal compression (PFC), and the pre-
sent study examines whether PFC is a prosodic cue that is functionally used by listeners to
perceive focus. In a production study with 30 native Hindi speakers uttering six syntactically
ambiguous sentences, PFC occurred after a focused indirect object, but not after a focused direct
object. Data from the production study were taken as stimuli for a forced-choice sentence-com-
pletion experiment, in which 18 native Hindi speakers listened to sentence fragments of the
ambiguous sentences and were asked to decide which of two possible objects contrasts (direct
object or indirect object) would correctly complete the sentence. Results show that if PFC was
absent listeners were unable to choose the intended sentence completion. If PFC was present,
correct sentence completion judgements increased significantly. Thus PFC is a cue for focus
perception in Hindi. Based on its functional load in Hindi, we argue that pitch register with is
compressed post-focally represents a further intonational category to consider, at least for lan-
guages like Hindi.

1 Introduction

For many languages, it is claimed that prosody plays a key role in encoding focus (e.g. Bolinger
1989). However, the cues languages use to prosodically express focus vary tremendously. Focus is
understood here as a cognitive category of information structure that fulfils a communicative func-
tion to update a common ground shared by a speaker and hearer (Krifka 2008). To encode the cog-
nitive category of focus, languages use either syntactic, morphological, and/or phonological means.
Prosody is thus one means of focus marking. In a typology of prosodic focus-marking, Kiigler &
Calhoun (2020) propose three basic strategies into which most languages studied to date can be
placed: (i) stress-based cues, (ii) phrase-based cues, or (iii) register-based cues.

The first group is certainly the most well-studied and typologically the most widespread group
of languages, and their prosodic expression of focus—well-known from Germanic languages (e.g.,
Fanselow 2016, Féry & Kiigler 2008)—is achieved by enhancing the prosodic cues of a phonolog-
ical category associated with a focused word. These cues usually are higher fundamental frequency
(f0), greater f0 movement, lengthening, increased intensity and higher spectral tilt on the focused
word, which mainly but not exclusively relates to the stressed syllable of the focused word, as well
as a drop in f0 after it (cf. overviews in Ladd 2008, Fletcher 2010, Turk 2011). The enhancing of
cues marks the focused word in an utterance as prosodically most prominent.

The second group of languages, which uses phrase-based cues predominantly, has no lexical
prominence, i.e. lexical stress, in their word-prosodic system. Prosodic phrasing is indicated by
phrase tones and/or temporal and segmental cues. Focused constituents are marked by an insertion
and/or deletion of a prosodic phrase boundary to increase the prominence of the focused constituent.

The third group of languages uses register-based cues. Focus affects the pitch register on, and/or
after the focused word either by raising or lowering it. The pitch register defines reference lines
relative to which local tonal targets are scaled (Clements 1979, Ladd 2008). A well-studied example
is the tone language Mandarin Chinese (Xu 1999). On the focused word, the high tone of a lexical
high (H), rising (LH), or falling tone (HL) is realized higher, while the low tone of a lexical low (L),
rising, or falling tone is realized lower under focus. Thus, register expansion affects both the top-
line and the bottom-line of the register (Xu 1999, p. 69). In addition to register expansion on the
focused word in Mandarin, fO after the focused word is lowered, named post-focal compression
(PFC) (Xu 1999, 2011, Xu et al. 2012). The current study suggests that Hindi also belongs to the
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group of languages using register-based cues to express focus.

According to Xu (2011), PFC as a cue of focus marking is widespread among the languages of
the world. However, PFC is a non-universal cue of focus marking. It has been reported for a variety
of typologically distinct as well as for closely related languages (cf. Xu 2011, and references therein).
In particular, Xu et al. (2012) show data from closely related languages of the same language family
—Taiwanese Min, Taiwan Mandarin, and Beijing Mandarin—of which Beijing Mandarin uses PFC
as a prosodic cue of focus marking while the other two do not. All three languages are tone languages
and they use similar morphosyntactic means to encode focus. PFC is thus a possible prosodic indi-
cation of focus, yet not necessarily a required cue or the only cue. As is discussed in the next section,
PFC is present in Hindi as well.

The proposed typology of prosodic focus marking (Kiigler & Calhoun 2020) and the classifi-
cation of languages according to PFC (Xu 2011) are related to each other. The proposals however
do not mutually exclude each other, but the theory of PFC should be viewed as orthogonal to the
proposed typology of prosodic focus marking. A crucial difference between the two proposals con-
cerns the position within the sentence of the prosodic cues involved. PFC is restricted to post-focal
components and divides languages into those that have PFC and those that do not. This division is
too simple a restriction to cover the broad variation of prosodic focus marking depicted in Kiigler
& Calhoun (2020), especially since the variation of focus marking on the focused constituent does
not predict the presence or absence of PFC. In fact, PFC appears to be independent of prosodic
properties of a language. As discussed above, a similar prosodic system of two closely related lan-
guages does not imply that both languages have PFC (Xu et al. 2012). Surveying the studies on PFC
we observe that languages with and without PFC group together in each of the three proposed lan-
guage strategies of prosodic focus marking proposed by Kiigler & Calhoun (2020). PFC is found to
also mark focus in languages that use stress-based cues (e.g., German or English, Fery & Kiigler
2008, Breen etal. 2010, Xu & Xu 2005) and in languages that use register-based cues (e.g., Xu 2011,
Xu et al. 2012). For languages using phrase-based cues, the situation is not as clear as for the other
two groups. One example is Korean, for which the facts on PFC are disputed. While Jun & Kim
(2007) and Lee & Xu (2010) show data for lower realization of tones in the post-focal area, Jeon &
Nolan (2017) present data where post-focal tones were not phonetically reduced. Hence, more stud-
ies are needed to understand the correlation between phrase-based focus marking an occurrence of
PFC. This lack of evidence however does not affect the general point that the presence or absence
of PFC is orthogonal to prosodic focus marking strategies.

There are only few studies that examine the perceptual relevance of prosodic cues that encode
focus. These studies show that if a prosodic cue that is systematically realized in speech production
is present in stimuli for perception, listeners are still able to detect the focus structure of a sentence
(e.g., Botinis et al. 1999, Liu & Xu 2005, Vainio & Jéarvikivi 2006, Krahmer & Swerts 2007, Xu et
al. 2012, Kiigler & Gollrad 2015). In an intonation language, these prosodic cues usually refer to
pitch accents (Pierrehumbert 1980, Pierrehumbert & Beckman 1988, Ladd 2008, Gussenhoven
2004). The function and meaning of a pitch accent is to highlight relevant information in a sentence;
in case of focus, the pitch accent highlights the information of that constituent which the pitch accent
is associated with. In general, the interpretation of a sentence meaning is dependent on phrase
boundaries (e.g., Lehiste 1973) and on pitch accents (e.g., Schafer et al. 1996, Carlson et al. 2001,
Watson et al. 2008). Pitch accents and boundary tones (phrase boundaries) are phonological cate-
gories of intonation that functionally encode meaning; in relation to the prosodic expression of focus,
these cues are found in languages using stress-based cues. To what extent pitch register also carries
meaning remains an issue. We propose that Hindi, which employs register-based cues to focus ex-
pression, provides evidence that variation in pitch register is meaningful and thus that pitch register
can be interpreted as a phonological category like a pitch accent or a boundary tone.

1.1 Background on Hindi intonation

To investigate the role of pitch register as a potential phonological category in prosody, we begin
with an overview of the prosodic marking of focus in Hindi. Hindi is characterized by a series of
repeated rising contours (RRC), which is argued to be an areal feature of South Asian languages in
general (Khan 2016). Every prosodic word is associated with an f0 rise, except the last one in the
intonational phrase. These f0 rises are systematically and sequentially downstepped, meaning that



40 / JSAL VOLUME 10, ISSUE 2 MARCH 2020

in general, each f0 rise reaches a lower peak than the preceding rise (Moore 1965, Harnsberger 1996,
1999, Harnsberger & Judge 1996, Patil et al. 2008).

Earlier studies analyzed the f0 rise as a rising pitch accent L*+H (Harnsberger 1996, 1999,
Harnsberger & Judge 1996). More recent proposals interpret the {0 rise as a pair of phrase tones, as
there is no systematic alignment of the low (L) and high (H) tones of the f0 rise with a particular
prominent (or stressed) syllable (Féry 2017). It is an open debate whether Hindi has stress or not.
While some authors argue for a word stress system of Hindi (Nair 2001), others argue against the
existence of word stress (Ohala 1991, 1994). The variable alignment of an f0 rise is taken as evi-
dence that an fO rise is not associated with metrical prominence as in intonation languages like
English or German (Féry 2010, 2017). Therefore, Féry (2010, 2017) proposes that, in her terms,
Hindi is a phrase-language from the point of view of prosodic typology. In her phrase-level prosodic
typology, she distinguishes between the traditional division of intonation languages and tone lan-
guages, and—as the new proposal—phrase languages.

Different studies on Hindi intonation show that focus is realized with post-focal compression
but without any prosodic effect on the focused word (Harnsberger & Judge 1996, Patil et al. 2008).
In those studies, focus appeared in two conditions: Broad focus (or all-new) and narrow focus (see
Ladd 1980, for this distinction). According to Ladd, broad focus refers to a whole sentence in focus
while a narrow focus is defined as any constituent which can be identified by the placement of a
pitch accent (in English). In an all-new sentence, no element has been mentioned in the preceding
context or was especially prominent in the common ground of the speakers. Narrow focus can be
induced by a context asking explicitly for a particular constituent. As in many languages, Hindi has
a designated syntactic position for focused elements immediately before the verb (Kidwai 2000, p.
116). By structural means, this syntactic pre-verbal focus position expresses prominence as was
shown in a prominence rating study. Constituents in pre-verbal position received consistently higher
prominence scores (Luchkina et al. 2015). Given that the position expresses prominence for struc-
tural reasons there is no obvious reason to mark a constituent appearing in this position also as
prosodically prominent.

In a production study, Patil et al. (2008) investigated the effects of word order and information
structural context on the prosodic realization of declarative sentences in Hindi. The analysis of Sub-
ject-Object-Verb (SOV) and Object-Subject-Verb (OSV) sentences in three information structural
conditions (broad focus, narrow focus on the subject, or narrow focus on the object) revealed that
constituents are in a strict downstep relationship regardless of word order and focus, and focus is
mainly characterized by lowering the post-focal pitch register rather than pitch raising of the element
in focus. This means that the characteristic f0 rises are still realized post-focally, though in a com-
pressed pitch register. This is different from English and a number of other languages where no
tonal cues are realized after a focused constituent (cf. Cruttenden 2006), which is commonly known
as ‘deaccentuation’ (Ladd 2008). Similar to Hindi, but contrary to a deaccentuation view, Kiigler &
Féry (2017) showed for German that post-focal pitch accents are realized in a compressed pitch
register. The amount of compression differs though between Hindi and German, where it is almost
completely compressed. A compressed pitch register after focus is also well attested in some tone
languages, e.g., Mandarin Chinese (Xu 1999) or Akan (Kiigler & Genzel 2012). See the discussion
on this cue in the Introduction above and Xu et al. (2012) for an overview. Comparing the facts on
Hindi intonation with those of other languages discussed, we assume that Hindi uses register-based
cues to express focus prosodically (cf. Kiigler & Calhoun 2020).

Nonetheless, all previous studies suggest that PFC is a prosodic cue that is realized consistently.
This is unlike other cues which may mark focus on the focused constituent. For instance, Genzel &
Kiigler (2010) showed that both the L tone and the H tone of the f0 rise were realized significantly
lower and higher, respectively, on focused adjectives in Hindi. The interpretation was that the pitch
register on the focused word was expanded. We can only speculate how the diverging results come
about. One possible explanation is that different types of focus are expressed differently prosodically.
Narrow information focus elicited by wh-questions in previous studies does not seem to require any
prosodic focus marking on the focused constituent (e.g., Harnsberger & Judge 1996, Patil et al.
2008). Contrastive focus, as used in Genzel & Kiigler (2010), seems to affect the prosodic marking
of the focused constituent. It is possible that correcting an element from a previous discourse may
require more prominence such that the corrected constituent is marked prosodically (see Kiigler &
Genzel 2012, for similar findings in Akan). An alternative view as an explanation for the divergent
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findings could be that the prosodic cues of focus marking on the focused constituent in Hindi are
not obligatory (Moore 1965). Whatever reason there might be, we can safely conclude that PFC is
a cue that appears to be realized consistently in Hindi.

The goal of the present study therefore is to test whether PFC serves as a prosodic cue that may
influence the interpretation of a sentence. To this end, we first run a production study to test whether
speakers systematically realize PFC in a given sentence with a structure that differs from previous
studies. Second, we run a sentence completion study with stimuli from the production study that
either contained or did not contain PFC to test whether PFC serves as a perceptual cue for focus
interpretation.

2 The production study

The production study was designed to test for the presence of PFC in a particular syntactic structure
that would serve as an eligible structure for a perception study. For this reason, the structure of a
contrastive ellipsis as given in (1a) was chosen, which consist of a subject (S), indirect object (10),
direct object (DO), a verb (V), the negation particle (NEG) plus a complementizer (C), and the
following contrasted object of the remnant. In the example, a bracketed segment with a subscripted
F stands for the focused element which contrasts with the object of the remnant.

(1) a. S I0 DO V NEG C Contrast

b. Rahul=ne ma=ko [davai]e di na ki [ghari]r
Rahul=ERG mother=DAT medicine = gave NEGC watch
‘Rahul gave the medicine to mother and not the watch.’

c. Rahul=ne [ma=ko]r daval di na ki [nani=ko]r
Rahul=ERG mother=DAT medicine = gave NEGC grandmother=DAT
‘Rahul gave the medicine to mother and not to grandmother.’

Contrastive ellipsis in Hindi is particularly effective for testing the influence of PFC since (i) the
matrix clause is structurally ambiguous, and (ii) focus appears in the matrix clause contrasting with
an element in the remnant. In (1), either the indirect object (I0), i.e. mother (1c), or the direct object
(DO), i.e. the medicine (1b), contrasts with the object in the remnant. According to Drubig (1994),
contrastive ellipsis, or replacives as he coins the term, have parallel foci: the remnant contrasts with
a focused argument in the matrix clause. According to Repp (2010) both foci of a parallel construc-
tion can be considered contrastive.

Given this particular focus structure, the expectations based on Patil et al. (2008) are that speak-
ers would realize PFC after the focus within the matrix clause. For (1b), with focus on the direct
object, we expect PFC on the verb and up to the complementizer. For (1¢), with focus on the indirect
object, we expect PFC on the following direct object, the verb, and the complementizer. The aim of
the production study is to gain quantitative data on PFC in contrastive ellipsis, as the speech pro-
duction data are used as stimuli for the sentence-completion study.

2.1 Methods

Here we provide an overview of the methods used for the production study. We introduce the design
of the study, the speech materials used (2.1.1), information about the participants (2.1.2), the proce-
dure of data elicitation (2.1.3), and information about data pre-processing and statistical analysis
(2.1.4).

2.1.1 Design and Materials

The experiment involved the factor REMNANT CONTRAST: the object in the remnant contrasts either
with the direct object (1b) or on the indirect object (1c). Six different sentence pairs of the type in
(1) were constructed (listed in the Appendix), resulting in a total of 12 test sentences. Each sentence
was presented without context. The 12 test sentences were presented to each speaker in a pseudo-
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randomized manner; items from three other unrelated experiments were interspersed as fillers. Four
pseudo-randomized lists were prepared to minimize order effects.

2.1.2 Participants

Thirty native speakers of Hindi participated in the experiment. All were female students at the Uni-
versity of Delhi, India, and were residents of Delhi and surrounding areas. Each speaker was paid
Rs. 150 for participation and took approximately 45 minutes to complete the experiment.

2.1.3 Procedure

The experiment was carried out using presentation software. First, participants were equipped with
a set of headphones and a microphone headset, and familiarized with the task through written and
verbal instructions, followed by two practice trials. Each trial consisted of a presentation of the
experimental sentence on the computer screen, written in Devanagari script. Participants were in-
structed to speak out the sentence displayed on the screen as naturally as possible. If the sentence
was uttered without any hesitations or false starts, the next trial was presented. If there were hesita-
tions, participants were asked to repeat the sentence. Presentation flow was controlled by the exper-
imenter, and participants were allowed to take a break whenever they wanted. The sentences pro-
duced by participants were recorded at the University of Delhi on a DAT tape recorder.

2.1.4 Data pre-processing and statistical analysis

The recordings were re-digitized from DAT at a sampling frequency of 44.1 kHz and 16 bit resolu-
tion. In total, 360 sentences (6 items x 2 conditions x 30 speakers) were recorded. The sentences
were labeled by hand at the level of the constituent, as shown in (2). The vertical lines mark constit-
uent boundaries. Standard cues for segmental labeling were employed, and boundaries were set at
zero crossings (Turk et al. 2006).

(2) | Rahul=ne | ma=ko | daval | di | na | ki | ghart |
Rahul=ErG mother=DAT medicine gave NEG C watch
‘Rahul gave the medicine to mother and not the watch.’

The pitch analysis was conducted using a Hanning window of 0.4 seconds length with a default 10
ms analysis frame. The pitch contour was smoothed using the Praat (Boersma & Weenink 2018)
smoothing algorithm (frequency band 10 Hz) to diminish microprosodic perturbations.

For each constituent in (2), the f0-maximum, the f0-minimum, and the duration were detected
using a Praat script. In each constituent, only those f0-maxima were measured that followed the f0-
minimum in that constituent; this was done in order to exclude maxima due to transitions from
preceding H tones. The f0-maximum after the L tonal target represents the H tone in the rising pitch
gesture.

The statistical analysis relied on the dependent variables, f0-maximum, and duration measured
at the location of the indirect object, the direct object and the verb. All dependent measures were
log-transformed to meet the assumption of the regression model. A multilevel model (Bates et al.
2015) was fit, using crossed random factors SPEAKER and ITEM, and REMNANT CONTRAST (10, DO)
as fixed factor.

2.2 Results

Figure 1 shows the aggregated mean f0 over all speakers and items for the two conditions. For each
constituent given on the x-axis, the scaling of the L and H tones are plotted. The solid line represents
the condition with the contrast on the direct object (1b), the dashed line with the contrast on the
indirect object (1c). The stylized fO contour is remarkably similar across the two conditions except
for the scaling of the H tone on the direct object. Comparing the individual H tones, a clear downstep
pattern can be observed. Each H tone on each constituent up to the verb is realized lower than the
corresponding previous one. This prominent downstep pattern is in line with Moore (1965) and Patil
et al. (2008).
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Figure 1. f0 plot of L and H tone per prosodic word averaged across all speakers (n = 30) and
items (n = 6). The black solid line represents the object contrast condition, the dashed red line the
indirect object contrast condition.

In order to evaluate the amount of post-focal lowering, we compare the f0-maximum and duration
of the object constituents and the verb in turn (Tables 1-6). There is no significant difference in f0
nor in duration on the indirect object (Tables 1 and 2). A significant difference in fO and in duration
is found on the direct object (Tables 3 and 4). In case of contrast on the indirect object, the following
direct object is realized with significantly longer duration and with a significantly lower 0 on the H
target, which meets our prediction of post-focal pitch register compression.

Estimate SE t value Significance
(Intercept) 5.603747 0.022571 248.27
Condition=I10 0.015450 0.008016 1.93 n.s.

Table 1. Difference of f0-scaling in terms of f0-maximum on IO, baseline is condition DO.

Estimate SE t value Significance
(Intercept) 0.53529 0.04529 11.819
Condition=I0 0.01310 0.01079 1.213 n.S.

Table 2. Difference of duration on 10O, baseline is condition DO.

Estimate SE t value Significance
(Intercept) 5.51883 0.02491 221.55
Condition=I0 -0.03287 0.00694 -4.74 *

Table 3. Difference of f0-scaling in terms of f0-maximum on DO, baseline is condition DO.
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Estimate SE t value Significance
(Intercept) 0.418799 0.043654 9.594
Condition=I0 -0.048867 0.005335 -9.160 *

Table 4. Difference of duration on DO, baseline is condition DO.

On the verb, there is no significant difference in f0 or duration (Tables 5 and 6), which goes against
our expectation since PFC after the focused objects was expected. In particular, for the direct object
focus condition, we expected lower scaling of the verb compared to the indirect focus condition.
The scaling of the H tone on the verb is identical between conditions, and remarkably, it is higher
than the compressed one on the direct object.

Estimate SE t value Significance
(Intercept) 5.46828 0.02856 191.47
Condition=I0 -0.01611 0.01907 -0.84 n.S.

Table 5. Difference of f0-scaling in terms of f0-maximum on the verb, baseline is condition DO.

Estimate SE t value Significance
(Intercept) 0.326627 0.033614 9.717
Condition=I10 -0.010851 0.007492 -1.448 n.s.

Table 6. Difference of duration on the verb, baseline is condition DO.

The data discussed so far represent mean values. Since the statistical analysis applies SPEAKER as a
random factor, the variation between speakers is taken into account. However, we observe a con-
siderable amount of speaker variation. The majority of speakers clearly express the difference be-
tween conditions prosodically. PFC was realized after the focused indirect object, and PFC was not
realized after the focused direct object. Speaker variation arises in two different ways. First, the
degree of PFC varies: on average, speakers realized a PFC between 10 and 30 Hz. Second, some
speakers did not realize PFC at all after the focused indirect object; for these speakers, there was no
prosodic difference observed between the conditions. One such example is shown in Figure 2, in
which there is no difference in f0 on the direct object between conditions. This speaker had an
overall flat intonation contour.
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Figure 2. A comparison between conditions for a speaker who does not express PFC on the direct
object: the object contrast condition is shown in the upper panel, and the indirect object contrast
condition in the lower panel.

2.3 Discussion

In the production data, the f0 maximum measurement taken on each constituent turned out to be the
acoustic cue of the constituent-final H tone that is proposed as a tonal property of Hindi (e.g., Harns-
berger 1996, Féry 2017). Comparing the f0 maxima within each condition, we take the f0 maximum
as a reference of the H tone. In both conditions, the scaling of subsequent H tones is considerably
lower than the previous H tone, and we conclude that downstep between consecutive H tones occurs,
in line with Harnsberger (1996), Patil et al. (2008), Féry et al. (2016b), and Féry (2017).

Comparing the f0 maxima between conditions, we observe no difference in scaling of the H
tones on the first constituent, the subject, nor on the second constituent, the indirect object. In one
condition, the indirect object is in pre-focal position, in the other condition, the indirect object is in
focus. The lack of fO difference on the indirect object leads thus to the conclusion that focus is not
prosodically marked on the focused constituent, in line with Patil et al. (2008). The difference be-
tween conditions occurs on the third constituent, i.e. the direct object. If the direct object is in focus,
the scaling of the H tone is higher than if it occurs in post-focal position. Given that a constituent in
focus is not prosodically marked on that H tone, we conclude that the difference in scaling of the H
tone on the direct object is a consequence of it being in post-focal position.

The striking result is that PFC is only realized in the indirect object condition, i.e. on the fol-
lowing direct object. In the direct object condition, no PFC was observed on the following verb. It
may be the case that because the direct object appears in a syntactic position that is associated with
focus (cf. Kidwai 2000) speakers do not realize any prosodic cues of focus. If this were the case, we
would expect that any constituent appearing in the pre-verbal position bears positional prominence,
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and no prosodic cues were needed.

As an alternative explanation, it may be the case that the direct object and the verb are phrased
together such that no PFC effect occurs. In fact, Bali et al. (2009) observed variable phrasing in
Hindi based on chunking experiments where native speakers had to indicate which parts of speech
belong together. Their conclusion was that there might be “an underlying notion of verb phrase in
Indian languages”, which could point to some kind of integration of the pre-verbal constituent and
the verb. The interaction between a constituent in pre-verbal focus position and variation in the
presence of PFC needs further investigation and is left for future research.

If we compare Hindi intonation to that of Mandarin, Hindi appears to be similar to Mandarin
as it shows PFC. However, in our data no register expansion was found on the focused constituent.
The similarities between Hindi and Mandarin, as well as a lack of clear evidence of stress in Hindi
point to the fact that Hindi uses register-based cues to express focus (Kiigler & Calhoun 2020).

The fact that Hindi does not mark focus prosodically on the focused constituent raises the ques-
tion of whether listeners may recognize focus if it is not prosodically marked as it is in English or
German (cf., Breen et al. 2010, Kiigler & Gollrad 2015). However, focus does have a prosodic effect
in Hindi; it is simply found on phrases that follow the focused constituent itself. Hence, listeners
may rely on the cue PFC to identify focus in Hindi. This will be tested in a sentence completion
study in the next section.

The observed speaker variation opens a further puzzling issue here. If we assume that focus is
perceived only after the focused constituent by means of PFC the question arises if listeners are able
to perceive focus from speakers that produce hardly any post-focal compression. We observed dif-
ferent degrees of post-focal compression ranging from zero compression to slight compression (10
Hz on average) to full compression (30 Hz on average). Consequently, we tested the perception of
focus in a sentence completion study.

3 The completion task

In order to test listeners’ ability to recognize prosodic focus in Hindi, we set up a forced-choice
auditory sentence completion study using a contrastive ellipsis structure. In this study we investi-
gated listeners’ perception of focus to the differing degrees of PFC found in the production data.

3.1 Methods

This section provides information about the methodological aspects of the auditory sentence com-
pletion study. It introduces the speech materials used as stimuli for perception (3.1.1), gives infor-
mation about the participants of the study (3.1.2), the procedure of the sentence completion study
(3.1.3), and the predictions (3.1.4).

3.1.1 Speech materials

For the auditory sentence completion experiment, fragments of a contrastive ellipsis structure as in
(3a) were used. The matrix clause of the contrastive ellipsis is ambiguous up to the complementizer
of the remnant. Only the remnant contains the relevant information which of the two objects of the
matrix clause (the direct object in (3b), or the indirect object in (3c)) are contrasted. If we were to
run a reading task, we may expect a tendency for the direct object to be contrasted (cf. (3b)) because
it appears in pre-verbal position which is assumed to be the syntactic focus position (Kidwai 2000,
Luchkina et al. 2015). Another possible outcome may be that readers have no clue for the interpre-
tation of the contrast (chance-level recognition of about 50%).

(3) a. Rahul=ne ma=ko davat di na ki
Rahul=ERG mother=DAT medicine = gave  NEGC ...
‘Rahul gave the medicine to the mother and not...’

b. ghart
watch
‘the watch.’
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c. nani=ko
grandmother=DAT
‘to the grandmother.’

For the completion study, three naturally spoken sets of stimuli from the production experiment by
six speakers were chosen, which contained maximally and minimally informative prosody. The cri-
terion for the selection of the speakers was the degree of PFC realized by the speakers. One set of
items consisted of realizations with (almost) no PFC, the second set consisted of realizations of
about 10 Hz PFC, and the third set consisted of realizations of about 30 Hz PFC. Each set contained
the condition with a contrast of the indirect object (3c) and the condition with a contrast on the direct
object (3b). Together, five items per set were used. The experiment thus contained 60 stimuli (5
items x 2 conditions x 6 speakers). All stimuli were cut after the complementizer ki and before the
remnant contrast, either the indirect object or the direct object. These sentence fragments were then
used as stimuli for the completion study.

3.1.2 Participants

Eighteen (13 M, 5 F) native Hindi listeners took part in the experiment. Participants were recruited
in and around Berlin, Germany. Their mean age was 27 years. In an interview about their social and
language background, all participants declared that they were native speakers of Hindi and had no
speech or hearing impairment. The participants were naive as to the purpose of the experiment. Each
participant was paid €8.

3.1.3 Procedure

The experiment took place in a quiet room at participants’ homes and at the University of Potsdam.
The completion experiment was carried out using Praat’s ExperimentMFC function (Boersma &
Weenink 2018). As instructions, participants were asked to listen to the sentence fragment and then
to choose between one of two possible sentence completions by clicking either on the button con-
taining the indirect object or on the button containing the direct object. The objects were presented
in Devanagari script.

The 60 sentence fragments were randomly played through Sennheiser HD 25 headphones. The
rectangles containing the response categories were displayed on the left-hand side and right-hand
side in the lower half of the screen. The appearance of the position of the buttons containing the
direct and indirect object were counterbalanced. Each stimulus had an initial duration of silence of
0.5 seconds. In total, 1080 trials were collected (18 listeners x 5 sentences x 2 conditions x 6 speak-
ers). The experiment lasted approximately 15 minutes.

3.1.4 Predictions

We applied a within-subject design for the forced choice sentence completion task. The predictions
were the following: If PFC is present, listeners will identify the object contrast correctly. If PFC is
absent, listeners will show a chance level identification of the contrast. These hypotheses include
the observed speaker variation in condition 0. When presented with recordings of speakers who
produced no PFC, it was expected that listeners would not be able to perceive the object contrast,
resulting in a chance-level identification.

3.2 Results

We ran a linear mixed effects model (Bates et al. 2015) with CONDITION (with the two levels direct
object DO and indirect object 10) as fixed factor and LISTENER and ITEM as random factors. The
reference level in the model was DO. We applied random slopes and intercepts for LISTENER and
random slopes for ITEM. The analysis relied on the choice of answer (counted as correct sentence
completion) as a dependent variable. The model reveals a significant effect for CONDITION, as re-
ported in Table 7. Hence, we observe that the two conditions differ significantly in terms of correct
sentence completion. While in condition IO, listeners identified the correct sentence completion on
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average in 70.9% of the cases, in condition DO, listeners identified the correct sentence completion
on average only in 44.1% of the cases.

Estimate SE z value Pr(> |z)) Significance
(Intercept) -0.5933 0.4618 -1.285 0.1988
Condition=I0 1.9398 0.8316 2.333 0.0197 *

Table 7. Report of the linear mixed effects model applying CONDITION as fixed factor with correct
sentence completion ratings as dependent variable.

The difference in the identification of the correct sentence completion between conditions is shown
in Table 8 for each of the five sentences (items) used. On average, correct sentence completion
identification is higher for condition IO. However, one of the sentences, sentence 5, shows similar
completion rates for condition DO and condition 10.

Sentence Condition DO Condition 10
1 0.287 0.824
2 0.519 0.639
3 0.370 0.769
4 0.472 0.741
5 0.556 0.574

Table 8. Mean identification of correct sentence completion split by test sentences.

Since we found speaker variation with respect to the amount of PFC in condition 1O in the produc-
tion study, in the sentence completion study we included items from six speakers who produced
different degrees of PFC. This allows us to investigate whether the correct sentence completion
identification differs between speakers that realize different degrees of PFC. The hypothesis was
that the presence of PFC leads to correct sentence completion, which was overall confirmed by the
significant effect of CONDITION reported in Table 7. Table 9 displays the mean identification of
correct sentence completion split by speakers. Speakers 5 and 21 realized no PFC (given as 0 Hz)
in the production study. Speakers 26 and 30 produced clear PFC of about 30 Hz on average. Speak-
ers 8 and 18 produced PFC, though to a lesser degree of 10 Hz on average.

Speaker Degree of PFC  Condition DO Condition 10
5 0 Hz 0.489 0.611
21 0 Hz 0.422 0.622
8 10 Hz 0.478 0.800
18 10 Hz 0.422 0.678
26 30 Hz 0.456 0.767
30 30 Hz 0.378 0.778

Table 9. Mean identification of correct sentence completion split by speaker.

In order to test for speaker variation we ran a linear mixed effects model with CONDITION and
SPEAKER as fixed factors, and LISTENER and ITEM as random factors. The factor SPEAKER was binary
coded: The two speakers who did not produce PFC at all were grouped together against the other
four speakers who produced PFC. The reference level in the model for CONDITION was DO, and for
SPEAKER it was the speaker group with no PFC. We applied random slopes and intercepts for LIS-
TENER and random slopes for ITEM. The results of the model including speaker variation is given in
Table 10. We observe that the significant effect of CONDITION from the simple model (Table 7)
disappears. We did not find a significant effect for SPEAKER. However, we found a significant inter-
action of CONDITION and SPEAKER (Table 10). This suggests that speaker variation indeed mattered
for the correct sentence completion. The interaction plot in Figure 3 shows a clear effect of CONDI-
TION for speakers who produced PFC: with recordings of speakers who used PFC, we found on
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average a higher (75.6%) correct sentence completion identification. With recordings of speakers
who did not produce PFC, lower completion rates (61.6%) on average were obtained.

0.8
|

Speakers with

---- noPFC
— PFC

0.7
|

mean correct sentence completion
0.5 0.6

04

T T
Object contrast Ind. object contrast

Condition

Figure 3. Interaction plot: responses to recordings of speakers without PFC (dotted line) compared
to those of speakers with PFC (solid line), split by condition (contrast on DO vs. contrast on 10).

A post-hoc paired t-test confirmed this pattern (¢ = —8.39, df = 359, p < 0.001). A model comparison
between the simple model and the speaker variation model showed significant improvement of the

speaker variation model measured as the difference in deviance (Bates et al. 2015) (AD =14.2, p <
0.001).

Estimate SE z value Pr(> |z)) Significance
(Intercept) -0.5075 0.4835 -1.050 0.29393
Condition=I10 1.3397 0.8648 1.549 0.12135
Speaker=PFC -0.1276 0.2164 -0.590 0.55552
Interaction 0.9584 0.3096 3.096 0.00196 ok

Table 10. Report of the linear mixed effects model including CONDITION and SPEAKER as fixed
factors with correct sentence completion ratings as dependent variable.

3.3 Discussion

The auditory sentence completion experiment revealed that the presence or absence of PFC matters
for the identification of focus. PFC was present in some of the experimental stimuli of condition 10.
As was shown in the production data of the contrastive ellipsis, on average, speakers produced a
rising tonal pattern on a post-focal constituent, in this case on the direct object which followed the
focused indirect object (Fig. 1). When PFC was present in the stimuli of the sentence completion
experiment, listeners were able to correctly identify the sentence completion with a contrast of the
indirect object. Listeners thus interpreted the focus structure of the elliptical sentence on the basis
of the prosodic cue of PFC.

PFC was consistently not present in condition DO when the contrastive ellipsis contained a
contrast on the direct object. In the production data, on average, speakers did not produce PFC on
the following verb (which was unexpected though, cf. Section 2.3 above). For the sentence comple-
tion experiment, the absence of PFC resulted in listeners performing roughly at chance. Note that
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the direct object was not perceived as more prominent due to its preverbal position (contrary to
ratings in Luchkina et al. 2015). If it were, listeners should have identified the correct sentence
completion in condition DO, which they did not.

If we compare the results of the present study with results on focus perception in general, we
may conclude that native Hindi listeners are able to recognize an intended focus structure (e.g.,
Kiigler & Gollrad 2015, del Mar Vanrell 2011). However, while Kiigler & Gollrad (2015) and del
Mar Vanrell (2011) manipulated phonetic cues on the focused word, the current study presents evi-
dence that the prosodic realization of the post-focal area matters for focus perception.

With respect to speaker variation in the production of PFC, we can safely conclude that speaker
variation has an impact on focus perception: sentences from speakers who did not realize PFC in
condition 10 were completed roughly by chance (the correct sentence completion rate of 61.6% did
not differ significantly from the DO condition because CONDITION and SPEAKER did not show a
significant effect in the model). Sentences from speakers who did produce PFC in condition IO were
completed correctly (75.6% on average). PFC is thus a functional cue to focus identification in Hindi.
The prosodic information of pitch register is a cue that resolves local ambiguities.

4 General discussion

The current study was motivated by experimental findings on the prosodic expression of focus in
Hindi, which showed that the focused word or constituent itself is not prosodically marked by native
speakers of Hindi (Harnsberger & Judge 1996, Patil et al. 2008). The question investigated in the
current study was whether other prosodic cues such as PFC indicate the focus structure of a sentence.
Independent of prosody, syntactic means such as the use of a preverbal focus position (Kidwai 2000)
may also indicate focus prominence of a constituent in Hindi (Luchkina et al. 2015). Instead of
prosodically marking the focused constituent itself, the prosodic marking of focus in Hindi is
achieved by a compression of the pitch register on post-focal constituents. South Asian languages
in general, independent of their language family origin, appear to constitute a group of languages
which share similarities in their intonation systems (Féry 2010, 2017, Khan 2016). These languages
are characterized by ‘repeating rising contours (RRCs)’ (Khan 2016). However, a considerable
amount of cross-linguistic variation in terms of the alignment of the L and H tone of an 0 rise and
of the number H tones within a prosodic domain have been observed, and Khan (2016) concludes
that this observation clearly calls for more carefully controlled studies on the intonational systems
of South Asian languages.

According to Féry (2010), Indian languages share not only the characteristic RRCs but some of
the languages, at least, also use similar means to prosodically mark focus. Post-focal compression
is found in Hindi, and dephrasing which goes hand-in-hand with post-focal compression is found in
Bengali (cf. also Hayes & Lahiri 1991, Khan 2008). Crucially and in contrast to Hindi, in Bengali
dephrasing is accompanied by deletion of post-focal tones (Khan 2016). For some other languages
the facts around focus marking are not so clear. In Tamil, for instance, Keane (2014) shows some
data where post-focal compression may occur similar to the Hindi case. However, the example given
is a very short sentence and the scaling of the fO rise is not directly compared to a broad focus.
Therefore one cannot draw a clear conclusion about the prosodic marking of focus in Tamil except
for a clear case of phrasing: focus appears to require a prosodic boundary that is indicated by an f0
rise on the focused constituent.

In sum, pitch compression patterns have been described in other South Asian languages, and
there is some uncertainty as to how they should be analyzed. In his analysis of the intonation of
Bangladeshi Standard Bengali, Khan (2008, 282ff) observes that post-focal pitch accents and bound-
ary tones are frequently deleted. In order to account for the post-focal effects he suggests four pos-
sible interpretations why post-focal tones are deleted in Bengali — leaving a conclusive proposal
open to further investigation: (i) a loss of metrical prominence on post-focal material, (ii) prevention
of pitch accent assignment to post-focal accentual phrases, (iii) pitch range compression, and (iv)
deletion of post-focal accentual phrases. The variation in metrical structure (i) and (ii) or phrasing
(iv) leads to the deletion of post-focal tones due to reduced or no structure with which tones could
be associated. Variation of pitch range (iii) leads to a phonetic effect that existing post-focal tones
are simply completely reduced.
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A comparison with Hindi and with the data of our study shows a crucial difference which be-
comes relevant for interpreting the post-focal effects in Hindi: in Bengali, speakers use tonal dele-
tion as a strategy to compose the post-focal area prosodically. Contrary, in Hindi, speakers do realize
post-focal tones (Fig. 1). The {0 rises seem to be obligatory, though realized in a compressed pitch
register. This fact leads to a crucial difference with respect to the nature of post-focal compression:
In Bengali, the compression appears to be almost complete while in Hindi, pitch register compres-
sion is partial, leaving enough space for the realization of post-focal f0 rises. This difference in the
amount of pitch register reduction is similar to other languages. For instance, both in English and
German, post-focal pitch register compression is complete to the effect of there being no (or very
reduced) pitch accents (e.g., Kiigler & Féry 2017, for German) while in Mandarin, partial PFC oc-
curs with the effect that lexical tonal distinctions are maintained post-focally (Xu 1999).

If we were to apply Khan’s (2008) analytical options to Hindi, presumably three of them would
naturally fail because they relate to the effect of post-focal tonal deletion, which obviously does not
happen in Hindi (Fig. 1). Only option (iii) would remain to discuss for Hindi, which interprets range
compression as an epiphenomenon of focus. This option proposes that any metrical structure of
post-focal constituents remains and post-focal tones exist. However, phonetically their realization
is reduced due to range compression (Khan 2008, p. 284). If we were to assume this solution for
Hindi, there is a conceivable objection of PFC being an epiphenomenon of focus. First, it is unclear
for Hindi if any metrical structure is present at all given the unclear facts about word stress. Let us
assume for now Hindi has a metrical structure as given in (4).

“ ( X )i
(L*  H)y (LY H) (L *Hy  (L¥H)s (L H)y
(Rahul=ne) (ma=kor) (daval) (d) (na ki)

Instead of projecting stress-based metrical prominence per word, each ¢-phrase receives a metrical
beat and is assumed to be tonally marked by a rise represented as an initial L and final H phrase
tone. The focused constituent ma=ko receives a further metrical beat at the z-phrase level to repre-
sent the highest prominence in the phrase. Focus in English, Bengali, or Hindi for this matter, met-
rically falls out as the most prominent element. This metrical prominence is expressed in terms of
prosodic cues on the focused constituent to signal the focus as being prominent. It is a higher scaled
pitch accent in English (Breen et al. 2010) or a focal H boundary tone in Bengali (Khan 2008). In
Hindi, no such effect is realized on the focused constituent, which makes it hard to assume any
metrical prominence on the focused word as given in (4). Second, if we were further to assume that
post-focally, metrical structure remains intact after focus we run into problems explaining the dif-
ference between pre-focal and post-focal metrical prominences, since each ¢-phrase received its
particular metrical beat. If the focused constituent bears the highest prominence, and pre-focally and
post-focally, metrical structure is present, the PFC effect does not fall out. On metrical grounds, the
difference in pitch register between pre-focal and post-focal constituents cannot be explained.

Based on these facts we assume that PFC is not an epiphenomenon in Hindi. The proposal we
would want to advocate for is that PFC is a phonological category of the prosodic system of Hindi.
Any prosodic category known so far, e.g. a pitch accent or boundary tone, expresses a function and
its phonological form can be related to an interpretative function. In Bengali or English, register
compression may be interpreted as a phonetic epiphenomenon of focus because compression is
complete. Partial register compression however is meaningful in that tones can still be realized in
that domain and the function these tones have can thus be expressed. In order to interpret the results
of our study in the following sections, we relate our results to findings of other languages in terms
of the perception of focus, with respect to speaker variation and concerning the role of processing
of prosodic categories. Since the effect of PFC is comparable to effects of pitch accents or boundary
tones, we conclude that PFC in Hindi should be viewed as a phonological category. This would
mean that pitch register is part of the abstract phonological representation of an utterance just as
pitch accents, boundary tones, and prosodic constituents are.

4.1 On the perception of focus

There are far fewer studies that investigate the perception of focus than there are studies on the
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production of the prosodic expression of focus. From these studies looking at the interplay of pro-
sodic cues and their relevance to the perception of focus structure, we can observe that if certain
prosodic cues of focus are present in the stimuli, in general, listeners are still able to detect the focus
structure of a sentence (Botinis et al. 1999, Liu & Xu 2005, Vainio & Jarvikivi 2006, Krahmer &
Swerts 2007, Xu et al. 2012, Kiigler & Gollrad 2015). This finding holds for typologically diverse
languages independent of their distinct prosodic systems and independent of the prosodic cues these
languages employ in the expression of focus (cf. Kiigler & Calhoun 2020). For instance in German,
speakers predominantly use an increase in fO on the focused constituent (Baumann et al. 2007, Féry
& Kiigler 2008) but also duration and intensity (Baumann et al. 2007). For focus perception in a
semantic congruency task, Kiigler & Gollrad (2015) clearly showed that an increase of fO on the
focused constituent was highly accepted in a contrastive focus context.

Contrary to German, in Mandarin speakers produce an expanded pitch register on the focused
constituent and PFC on following post-focal constituents (Xu 1999). In perception, both cues seem
to play an important role for the identification of a focus structure (Liu & Xu 2005, Xu et al. 2012).
Interestingly, the correct focus identification rates were high in case of sentence-initial or sentence-
medial focus while the correct identification rates drop down considerably in case of sentence-final
focus (Liu & Xiu 2005, Xu et al. 2012, Wang et al. 2012). This fact may speak in favor of PFC as a
relevant additional cue for focus perception in Mandarin. Interestingly, Botinis et al. (1999) report
a similar drop of final focus identification rate in Swedish, English, and Greek. Given the fact that
final focus is less clearly identified in the three languages, there is some indirect evidence that the
0 drop from the focused constituent and the following post-focal register compression may play a
considerable role in the identification of the focus structure of a sentence because all of these lan-
guages show some degree of PFC in case of non-final focus. In final focus, these cues are absent
and thus final focus is less informative to listeners (Botinis et al. 1999, p. 1560).

A different perspective on the perception of focus with respect to PFC comes from the study by
Wang et al. (2012). They investigated whether speakers of a language who produce PFC (in this
case Mandarin) and speakers of a language who do not produce PFC (in this case Tsat, a Malayo-
Polynesian language spoken on the island of Hainan, in southern China) perceive the focus structure
of a sentence depending on whether the prosodic cue of PFC is present or not. All Tsat speakers
were also L2 speakers of Mandarin. In fact, they found that the non-PFC speakers (Tsat speakers)
perceived focus with much lower accuracy than PFC speakers (native Mandarin speakers) when
listening to Mandarin sentences. Wang et al. (2012, p. 666) conclude that “PFC is probably hard to
be noticed by speakers from a non-PFC language”. This finding suggests that the prosodic cue to
identify focus needs to be functionally relevant for listeners in their native language grammar. It
suggests further that PFC is an instance of a phonological category if listeners use this cue to identify
a focus structure. From L2 research it is known that sounds of a native language are perceived more
easily than those acquired later in life of an L2 (Hume & Johnson 2003, and references therein).
Usually, listeners match the speech signal to phonological categories of their L1, and if their L1
does not have an appropriate category listeners choose a category close enough to the speech signal
(Hamann 2009). If the cue is not phonologically functional in a language, as in the case of speakers
from a language without PFC (Tsat speakers in this case), these speakers are unable to identify focus
in a second or foreign language because there is no such a phonological category in their L1. PFC
for them would be phonetic noise in the signal. Hence, PFC could be viewed as a phonological
category to be present in the grammar in one language, though absent in another. This would speak
for the fact that PFC is a phonological category in the intonational grammar of Hindi. A reviewer
suggested further interpretation which we think is relevant here: if we assume that Tsat speakers
lack the intonational category of pitch register, they may have more difficulty in perceiving it. The
difficulty in perception is comparable to processing other non-native prosodic phenomena such as
stress; Peperkamp & Dupoux (2002) showed that French speakers were unable to identify stress
simply because stress is not a component of French prosody. They interpreted the perceptual effect
of the absence of a category as “stress-deafness”. Similarly, we could interpret the absence of pitch
register in Tsat prosody and the perceptual effect thereof as “register-deafness”.
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4.2 The role of speaker variation

A note is due on the issue of speaker variation. Many studies have found speaker variation with
respect to the prosodic expression of focus or prominence. For instance, Baumann et al. (2007)
observe that speakers of Standard German vary in their use of prosodic cues to express focus. Ger-
man is a language that uses stress-based cues to express focus such as f0, duration, and intensity (cf.
Kiigler & Calhoun 2020). According to Baumann et al. (2007), some speakers use higher fO while
some others use longer duration for the expression of focus in the same task. The speakers thus
achieve the perceptual impression of prosodic prominence by means of different prosodic cues.

In terms of f0, Gussenhoven (2002, p. 52) reports on a compensating strategy to express pro-
sodic focus: fO-peaks may be later aligned or higher scaled. In both cases, they signal strong prom-
inence. The effect arises because both realizations need more time to be produced compared to
neutral or broad focus. In a perception study, Ladd & Morton (1997) argued for this relationship.
They presented speech stimulus continua to listeners with higher or later aligned fO peaks, and lis-
teners were asked to indicate whether they perceived the stimulus sentence as in an “everyday oc-
currence” or as an “unexpected occurrence”. The results of the their experiment confirmed the hy-
pothesis: late fO peaks are “intrinsically more emphatic” (Ladd & Morton 1997, p. 332), and the
category boundary in the identification task shows up where the fO peak itself is not that high, in
their data at 132 Hz. In the early aligned stimuli (i.e., stimuli with higher fO peaks), the category
shift from “everyday occurrence” to “unexpected occurrence” only started at a stimulus with higher
f0, in their stimuli at 144 Hz.

The different strategies that speakers employ to express focus prosodically appear to have in
common that they aim for marking a focused constituent as prosodically prominent. This is different
from Hindi where we observed speaker variation rather to be a matter of presence or absence of a
cue to prominence. In Hindi, there is no combination of cues that together signal prominence as in
German or English (or presumably as in other stress-based cue languages), but rather only one cue,
i.e. f0 expressed as post-focal compression. The Hindi perception data then suggest that if speakers
do not produce the prosodic cue to express focus, listeners get no prosodic cue at all to retrieve the
intended focus structure. Hence, compared to other languages, speaker variation in Hindi rather
seems to be concerned with whether speakers identify a focus structure and use the relevant cue to
express it or not. We may thus conclude that those speakers who did not produce PFC may not have
paid attention to the intended focus structure, although we cannot tell for certain. As a suggestion
from a reviewer, a possible alternative explanation could be that some speakers simply do not use
any prosodic means to signal focus, because focus structure can also be signaled by word order and
from context. It is also well known that languages vary in whether or not certain contrasts are sig-
naled morpho-syntactically (e.g., the subject-object asymmetry of focus marking, Fiedler et al.
2010), and perhaps this is just another case of such variation involving prosody.

4.3 The role of cues of intonation in sentence processing

In languages like English, the phonological parts of an intonation contour consist of pitch accents
and boundary tones, which convey particular meanings (e.g., Ladd 2008). Phonetic cues signaling
a boundary tone are first of all a significant fO target accompanied with pauses, phrase-final length-
ening, and/or segmental cues such as laryngealization (e.g., Martin 1970, Lehiste 1972, Klatt 1975,
Wightman et al. 1992). These cues have been shown to matter in speech processing (Lehiste 1973,
Warren et al. 1995, Schafer et al. 1996, Carlson et al. 2001, Watson et al. 2008). For instance, a
longer duration of the words greeted the girl in (5) indicates a phrase break after the verb greeted
leading to the interpretation that the girl is smiling and not the hostess. Lehiste relates the longer
duration measured over these words to the presence of a phrase break between the verb and the
complement. This phrase break creates the reading that the girl smiled. Note that this interpretation
should also come about if measuring the duration on the verb alone, which Lehiste did not do.

(5) The hostess greeted the girl with a smile. (Lehiste 1973, p. 108)

Pitch accents are expressed in terms of changes of f0. The relative clause in (6) modifies either the
propeller or the plane. The interpretation of the whole utterance depends on the placement of pitch
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accent. Hence, the relative clause is attached to that constituent that carries the pitch accent (Schafer
et al. 1996). This phenomenon has been called the focus attraction hypothesis put forward by
Schafer et al. (1996). It states that a phrase or complement rather attaches to a focused (accented)
phrase than to an unaccented one. The site of attachment then matters for the interpretation of the
sentence. A pitch accent indicates the focus of the matrix clause. The constituent carrying the pitch
accent will be the likely one that a following constituent such as a relative clause in (6) would attach
to. Hence, the mechanic is examining the propeller if the propeller carries an accent, else the plane
if the plane carries the accent.

(6) The sun sparkled on the propeller of the plane that the mechanic was so carefully examining.
(Schafer et al. 1996, p. 142)

Studies on the role of prosody in language processing have investigated the two basic functions of
intonation, grouping and highlighting of information, which are expressed by pitch accents and
boundary tones, respectively. Given that these phonological categories play a significant role in
sentence disambiguation in intonation languages, the question remains if similar categories exist in
typologically different languages. Given that Hindi belongs to the group of phrase languages (Féry
2017) and thus does not have pitch accents, the fact that focus is prosodically realized by variations
in the pitch register points to the fact the pitch register is such a phonological cue. Based on the
results of the present study that PFC is functionally used to identify the focus structure of a sentence
we propose that pitch register indeed represents a phonological category. If register compression
would be a mere epiphenomenon of focus we would not expect it to be functionally used. In Akan
question intonation, Genzel & Kiigler (2018) identified pitch register as a phonetic epiphenomenon
besides sentence-final cues that signal yes/no questions. They showed that raised pitch register
played no role in the identification of a yes/no question in perception. Hence, variation in pitch
register in Akan has no function and can be interpreted as a phonetic effect.

Whether pitch register plays a functional role in other, closely related South Asian languages
has yet to be shown. Given the areal similarity in prosody between these languages proposed by
Khan (2016), we might expect some South Asian languages to show a similar function of pitch
register. However, as Xu (2011) discussed, the presence or absence of PFC is not a matter of typo-
logical relatedness nor a matter of areal relatedness. In addition, the fact that we propose PFC to be
a prosodic category in Hindi does not imply that PFC must be a prosodic category universally. In
particular, in languages like German or English there are more prosodic cues to express focus than
just PFC; in these languages PFC may not carry the same function it does in Hindi.

5 Conclusion

In line with previous studies on Hindi intonation, we have shown that focus is prosodically ex-
pressed by means of post-focal compression (PFC), and that no prosodic cues are realized on the
focused constituent itself. This was shown on production data of 30 female native speakers of Hindi
reading contrastive ellipsis sentences. The matrix clause of a contrastive ellipsis contained two ob-
jects, an indirect object and a direct object. We examined whether changes in the placement of focus
on the objects were accompanied by prosodic cues, namely PFC. The production data revealed that
if the indirect object is in contrast, PFC was realized on the following direct object. The opposite
case, contrast of the direct object did not yield any realization of PFC, which was unexpected.

The production data served as basis for a auditory sentence completion study in order to exam-
ine whether the prosodic cue PFC guides listeners to identify the focus structure of a sentence. The
results of the sentence completion study showed clearly that if PFC was present in the stimuli, lis-
teners were able to detect the focus structure. They could successfully complete the sentence with
the correctly contrasted object. The conclusion is that PFC carries functional load in Hindi in that
speakers can rely on PFC to identify focus placement, even when other prosodic cues are absent.
PFC helps to disambiguate the local ambiguity in contrastive ellipsis structures. In languages that
use different strategies to express focus prosodically, pitch accents and/or boundary tones serve to
cue syntactic information. We argued that the prosodic cue of PFC showed similar behavior as the
intonational categories pitch accents and boundary tones, and that pitch register therefore is a pho-
nological category in Hindi.
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Appendix
Speech materials

E03-C01-01-30-079-

Mg Hi B Zarg & T f& =eEh
Rahul=ne = ma=ko daval di na ki ghart
Rahul=ERG mother=DAT medicine = gave NEGC watch
‘Rahul gave the medicine to mother and not the watch.’

E03-C02-01-30-107-

AT "B ECIE) & T f& At
Rahul=ne = ma=ko daval di na ki nani=ko
Rahul=ERG mother=DAT medicine = gave NEGC grandmother=DAT
‘Rahul gave the medicine to mother and not to grandmother.’

E03-C01-02-30-153-

EE AT dr @ T fe U
Kapil dadaji=se baig laya na ki pen
Kapil grandfather=ABL bag brought NEGC pen
‘Kapil brought the bag from grandfather and not the pen’

E03-C02-02-30-214-

EE AT dr @ 7 fé AR Al
Kapil dadaji=se baig laya na ki Nirav=se
Kapil grandfather=ABL bag brought NEGC  Nirav=ABL
‘Kapil brought the bag from grandfather and not from Nirav.’

E03-C01-03-30-072-

et A fRTA AeEd faar 9 fé semel
Murali=ne Cirag=se = mobail liya na ki helmet
Murali=ERG Chirag=ABL mobile took  NEGC helmet
‘Murali took the mobile from Chirag and not the helmet.’

E03-C02-03-30-034-

Rt A fRmE Aeed fdar T 6 ospR
Murali=ne Cirag=se = mobail liya na ki Abhay=se
Murali=ERG Chirag=ABL mobile took  NEGC Abhay=ABL
‘Murali took the mobile from Chirag and not from Abhay.’

E03-C01-04-30-197-

HTH A Tt <l FEET gIE T b emadh
mami=ne  Ravi=ko kahant sunal na ki S$ayarl
auntie=ERG Ravi=DAT story told NEGC poem

‘Auntie told a story to Ravi and not a poem.’

E03-C02-04-30-076-

HTH A Tt Bl FEHE gAE T b TP
mami=ne  Ravi=ko kahant sunal na ki Raman=ko
auntie=ERG Ravi=DAT story  told NEGC Raman=DAT
‘Auntie told a story to Ravi and not to Raman.’

E03-C01-05-30-132-
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RNCE] FHAE AW ger 9 fb Ad TR
parikSak=ne Amol=se = nam pucha na ki rol nambar
examiner=ERG Amol=ABL name asked NEGC roll number
‘The examiner asked Amol his name and not the roll number.’

E03-C02-05-30-012-

wigfd 3 FHIAY AW ger 9 b GEet a
parikSak=ne Amol=se = nam pucha na ki Sonali=se
examiner=ERG Amol=ABL name asked NEGC Sonali=ABL
‘The examiner asked Amol his name and not Sonali.’

E03-C01-06-30-135-

mee eh Bl doHEd  femmrr 7 fd ggd HAR|
gaid=ne paryatak=ko Tajméhél  dikhaya na ki Qutub Minar
guide=ERG tourist=DAT Taj Mahal showed NEGC Qutub Minar
‘The Guide showed the Taj Mahal to the tourist and not Qutub Minar.’

E03-C02-06-30-092-

mes 3 Red ' demed @ A e &
gaid=ne paryatak=ko Tajméhél  dikhaya na ki bhikhari=ko
guide=ERG tourist=DAT Taj Mahal showed NEGC beggar=DAT
‘The Guide showed the Taj Mahal to the tourist and not to the beggar.’



