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This study explored the effect of contextual predictability on the prosodic realisation of focussed expressions in American
English and Paraguayan Guarani. Pairs of native speakers played an interactive game to elicit utterances that varied in the
location of focus in the NP and whether this location was predictable from visual context. The English results confirmed
that focussed expressions had more rising pitch accents, longer durations, and higher f0 than non-focussed expressions.
Differences between focussed and non-focussed expressions were enhanced when the location of focus was not
predictable from context. The Guarani results confirmed that focussed expressions had distinctive pitch accent and
duration patterns relative to non-focussed expressions. Overall prosodic prominence was enhanced when the location of
focus was not predictable from context. These results, which are discussed within information-based theories of language
production, suggest contextual predictability affects the prosodic realisation of focus, and that this predictability-

dependence varies across languages.
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The realisation of linguistic material is affected by lin-
guistic and non-linguistic context in many subdomains,
ranging from small phonetic detail (Baese-Berk & Gold-
rick, 2009), to morphological encoding (Gundel,
Hedberg, & Zacharski, 1993; Leonetti, 2004), to the pro-
sodic marking of syntax (Snedeker & Trueswell, 2003; cf.
Speer, Warren, & Schafer, 2011), among others. Under the
assumption that context affects the realisation of linguistic
elements at all levels of linguistic structure, the first objec-
tive of the current study was to examine the effect of
context in a new linguistic domain, namely the prosodic
realisation of focus. Specifically, we sought to determine
whether the predictability of the location of focus in a NP
influences the prosodic realisation of that focus. The
second objective was to explore cross-linguistic differ-
ences and similarities in the prosodic realisation of
focus and in the relationship between contextual predict-
ability and prosodic form. The languages of investigation
were American English and Paraguayan Guarani (Tupi-
Guarani), two genetically distinct languages. In each
language, experimental participants directed a confeder-
ate to place a series of tiles depicting different objects
into numbered boxes on a game board. The available
items, which were visible to both interlocutors, were
manipulated to vary the degree to which the visual
context provided cues for the listeners to the location
of focus in the critical NP of the talkers’ utterances. In
this way, the location of the focus was, for the confederate
listeners, either predictable or unpredictable from the
context.

Previous cross-linguistic work on the relationship
between contextual predictability and linguistic form

Research on the relationship between contextual predict-
ability and linguistic form has demonstrated that contextual
predictability is correlated with phonetic reduction.
Specifically, more predictable elements are more likely to
be reduced than less predictable elements (Aylett & Turk,
2004; Bell, Brenier, Gregory, Girand, & Jurafsky, 2009;
Bell, Jurafsky, Fosler-Lussier, Girand, & Gregory, 2003;
Clopper & Pierrechumbert, 2008; Raymond, Dautricourt,
& Hume, 2006; Van Son & Pols, 2003). Similarly,
lexical frequency has been found to correlate with phonetic
reduction in many languages, including English (Gahl,
2008), Taiwan Southern Min (Myers & Li, 2009), Euro-
pean Portuguese (Vigario, 2003), and Dutch, Finnish, and
Russian (Van Son, Bolotova, Lennes, & Pols, 2004).
Additionally, Catalan word-final devoicing is fully neutra-
lising when the intended meaning is predictable from
context, but only partial when the intended meaning is
not predictable (Charles-Luce, 1993). That is, an acoustic
difference between word-final obstruents is maintained in
ambiguous contexts, but the distinction is abandoned
once sufficient context for distinguishing meaning is pro-
vided. Likewise, vowel epenthesis in Dutch is less likely
to occur in contextually more predictable words than in
less predictable words (Tily & Kuperman, 2012).
Morphological and lexical elements are similarly
affected by contextual predictability. Gundel et al. (1993)
demonstrated that in English, Japanese, Mandarin,
Russian, and Spanish, the more salient a referent is in

*Corresponding author. Email: clopper.l@osu.edu

© 2015 Taylor & Francis


mailto:clopper.1@osu.edu

Downloaded by [Ohio State University Libraries] at 06:59 13 November 2015

1062 R. Turnbull et al.

discourse, the shorter and less complex the referring
expression is likely to be. These effects are further
mediated by higher-level narrative context, in both
English (Fowler, Levy, & Brown, 1997) and Thai (Vajrab-
haya & Kapatsinski, 2011). In addition, case-marking on
grammatical objects is more likely for objects that are
less contextually salient, an effect which is putatively uni-
versal (Aissen, 2003). Across these studies, the same gen-
eralisation arises: increased contextual predictability leads
to smaller linguistic forms.

This generalisation has been interpreted in terms of
information-based theories of language production, such
as Aylett and Turk’s (2004) smooth signal redundancy
hypothesis, Levy and Jaeger’s (2007) and Jaeger’s (2010)
uniform information density hypothesis, and Pluymaekers,
Ermestus, and Baayen’s (2005) informational redundancy
hypothesis. These hypotheses posit that talkers manipulate
linguistic information in response to the contextual predict-
ability of their utterances, with the aim of creating a rela-
tively constant or “smooth” amount of information
transmission over time. Essentially, these hypotheses
view speech production as an optimisation problem
where the key variables are talker effort and listener under-
standing, and predict an inverse relationship between lin-
guistic form and contextual predictability. That is, when
more linguistically relevant contextual information is avail-
able to the listener, less linguistic information is provided
by the talker.

If, as hypothesised, contextual predictability affects the
realisation of linguistic elements at every level of linguistic
structure, predictability effects ought to be observable in
the prosodic domain. Most previous work on the role of
context in the realisation of prosodic prominence has
focussed on the realisation of different types of information
structure (see, e.g. Braun, 2006; Breen, Fedorenko,
Wagner, & Gibson, 2010; Krahmer & Swerts, 2001;
Swerts, Krahmer, & Avesani, 2002 on Germanic and
Romance languages). A notable exception to this work
on prosody and information structure is Watson, Arnold,
and Tanenhaus’ (2008) study of the role of contextual pre-
dictability in the acoustic realisation of prosodic promi-
nence in American English. In a game of tic-tac-toe
(noughts and crosses), participants announced their
moves to each other. Highly predictable moves, such as
blocking an opponent’s winning move, were generally pro-
duced with shorter duration and smaller fO excursion than
less predictable moves.

This previous work on contextual predictability, in
both the prosodic and segmental domains, motivates
our specific hypothesis that across languages increased
contextual predictability about which expression is
focussed will lead to weaker prosodic marking of
focus. More specifically, our hypothesis concerns cases
where the focus of an utterance is either contextually pre-
dicted or not contextually predicted. We expect fewer or

weaker cues to the focussed expression, or a smaller
difference  between focussed and non-focussed
expressions, when the focus is contextually predictable.
That is, if the visual context establishes that the noun
of a NP will be focussed, our hypothesis is that the
noun will be realised with fewer or weaker cues to
focus than if the visual context does not predict that
the noun will be focussed, i.e. if noun focus is not con-
textually predictable. Thus, unlike much of the previous
work described above, we are not directly concerned
with the predictability of the linguistic elements them-
selves (e.g. how predictable the adjective or the noun
is in the NP), but rather how predictable the location
of the focus is on an expression in the NP." Since the
relationships between contextual predictability and lin-
guistic form are purported to be universal, such effects
should be observable across languages. However, the
way in which these effects manifest themselves may be
language-specific, due to cross-linguistic differences in,
for instance, prosodic typology, word order, and
marking of information structure. Further, as the prosodic
realisation of focus has been found to be a variable
process, we expect that some aspects of this realisation
may be influenced by changes in contextual predictabil-
ity, but that the effect of contextual predictability may
not be observed for all prosodic correlates of focus
within or across languages. The experiment reported in
this paper tests this hypothesis for two languages, Amer-
ican English and Paraguayan Guarani.

Why American English and Paraguayan Guarani?

English has been the primary language for research on
both the prosodic realisation of focus and predictability
effects on linguistic form, and as such serves as an excel-
lent point of comparison for cross-linguistic research.
Paraguayan Guarani (henceforth Guarani) was selected
as the comparison language because its overall prosodic
structure is similar to English, thus allowing for a com-
parative analysis. However, as described below, Guarani
differs from English with respect to the prosodic realis-
ation of focus, in terms of both the phonological pitch
accent contrasts and the phonetic factors employed.
Thus, together, these two languages provide a useful
test case for exploring potential cross-linguistic differ-
ences in the effect of contextual predictability on the pro-
sodic realisation of focus.

Background on the prosodic systems of American
English and Paraguayan Guarani

English stress is lexically specified, and stressed syllables
can receive pitch accents. The prosodic system of Ameri-
can English features a relatively large pitch accent inven-
tory (Jun, 2014) and two levels of phrasing, including
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intermediate and intonational phrases that are marked on
their right edge by phrase accents and boundary tones,
respectively (Beckman, Hirschberg, & Shattuck-Hufnagel,
2005; Ladd, 2008; Pierrchumbert & Hirschberg, 1990).
Deaccenting of given material is common in American
English (Bolinger, 1972; Ladd, 1980), and has been
argued to be an obligatory process (Selkirk, 1995).
However, the empirical data on deaccenting rates in Amer-
ican English suggest that it is a variable process, affected
by factors such as word class, overall accentability of the
word, and underlying metrical structure (Calhoun, 2010;
Ito & Speer, 2006; Katz & Selkirk, 2011; see also Féry
& Kiigler, 2008; Riester & Piontek, in press on German).

Paraguayan Guarani is a Tupi-Guarani language
spoken in Paraguay, where it is an official language along-
side Spanish. The language is agglutinative and mildly
polysynthetic (Gregores & Suarez, 1967; Velazquez-
Castillo, 2004). In Guarani, as in English, stress is lexically
specified (Gregores & Suarez, 1967), and stressed syllables
can receive pitch accents (Clopper & Tonhauser, 2013).
Clopper and Tonhauser (2013) described Paraguayan
Guarani prosody within the autosegmental-metrical frame-
work, and identified rising (LH) and falling (HL) pitch
accents, and high (H%) and low (L%) boundary tones
which occur at the right edges of intonational phrases.
Although Clopper and Tonhauser (2013) did not find evi-
dence of deaccenting in two-word utterances, Burdin
et al. (in press), in an analysis of a subset of the data pre-
sented in the current study, observed deaccenting within
NPs at rates similar to or exceeding deaccenting in Amer-
ican English NPs. Neither Clopper and Tonhauser (2013)
nor Burdin et al. (in press) found evidence for a level of
phrasing below the intonational phrase. Thus, unlike
English, Guarani exhibits a relatively small pitch accent
inventory and only a single level of prosodic phrasing
above the level of the word. Guarani is a relatively under-
studied language and the descriptions presented by Clopper
and Tonhauser (2013) and Burdin et al. (in press) constitute
the only literature on Guarani intonational phonology. As
such, the results of the current study help to augment our
understanding of the language, in addition to testing
hypotheses about the relationship between contextual pre-
dictability and linguistic form.

Our specific hypothesis concerns the effects of contex-
tual predictability of the location of focus in a NP on the
prosodic realisation of the focussed expression. We
assume that a “focus” is an information-structurally promi-
nent expression. Specifically, an expression is a focus if it
answers the explicit or implicit question under discussion
(Roberts, 2012). Thus, we use the term “focus” to indicate
a pragmatic property of expressions, rather than a phonetic
or phonological property. In English, focus may be realised
with an expanded pitch range (Eady & Cooper, 1986) or
with a L +H* pitch accent (Pierrehumbert & Hirschberg,
1990). Additionally, focussed expressions are lengthened

relative to non-focussed expressions (Eady & Cooper,
1986). Our hypothesis is that increased contextual predict-
ability about which expression is focussed will lead to
weaker prosodic marking of focus. Given this hypothesis,
we expected to observe weaker prosodic marking of
focus when it is predictable from the visual context
which expression is focussed compared to when it is not
predictable from the visual context which expression is
focussed. Specifically, in English, we expected to observe
fewer rising pitch accents on focussed expressions,
shorter duration of focussed expressions, and lower f0
peaks associated with focussed expressions when the
expression that is focussed is predictable from the visual
context compared to when the location of focus is not pre-
dictable from the visual context. In Guarani, focussed
expressions are more likely to be realised with a rising
(LH) than a falling (HL) pitch accent, and those with a
rising pitch accent may be realised with a more steeply
rising fO contour. Focussed expressions are also lengthened
relative to non-focussed expressions, as in English
(Clopper & Tonhauser, 2013). Therefore, in Guarani we
expected to observe more rising pitch accents, longer dur-
ation, and steeper fO slopes associated with focussed
expressions when the expression that is focussed is not pre-
dictable from the visual context compared to when the
location of focus is predictable from the visual context.

Methods

An interactive task was used with English- and Guarani-
speaking participants in the USA and Paraguay,
respectively. The task required a “Director” (a native
speaker participant) to instruct a “Follower” (a native
speaker confederate) to place a series of tiles depicting dif-
ferently coloured items into numbered boxes on game
boards. The available items and the order of items to be
placed in the boxes were manipulated to create a fully
crossed design examining the prosodic realisation of
focussed adjectives, nouns, and NPs in visual contexts
from which the location of focus was either predictable
or not predictable.

Participants

American participants were recruited from Ohio State Uni-
versity and received partial course credit for their time.
Data were analysed from 10 participants (6 female), who
were all monolingual native speakers of English and
ranged in age from 18 to 21 years old (M=19). One
female speaker (age 27) served as the Follower.
Guarani-speaking participants were recruited from San
Lorenzo, Paraguay, and were paid for their time. Data were
analysed from 10 participants (5 female), who were all
bilingual speakers of Guarani and Spanish, with self-
reported native proficiency in Guarani. The participants
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ranged in age from 18 to 51 years old (M = 33). Two female
speakers (ages 49 and 51) served as the Followers.

Stimulus materials

The stimulus materials consisted of game boards with four
or six numbered boxes and game tiles. The Director
received boards with coloured items in each of the boxes,
as shown in Figure 1(a) for a game board with four num-
bered boxes. The Follower received boards with blank
numbered boxes, as shown in Figure 1(c). The game tiles
each depicted one of the coloured items, as shown in
Figure 1(b). In English, the items were a flower, a lion, a
deer, an owl, and a train, and each item was orange,
green, blue, brown, or yellow, for a total of 25 unique
tiles. In Guarani, the items were a dog (jagua), a pig
(kure), a bird (guyra), a tree (yvyra mdta), and a flower
(yvoty), and each item was white (moroti), black (hi), red
(pytd), yellow (sayju), or blue (hovy), for a total of 25
unique tiles.

Procedure

The Director and the Follower were seated at a table facing
each other. On each trial, the Director and the Follower
were given filled and blank boards, respectively. The Fol-
lower could see the Director’s face, but not the Director’s
board. A subset of the 25 tiles was placed on the table
between them and the Director was asked to tell the Fol-
lower which tiles to put into which boxes. The Directors
were instructed to always use the same frame sentence
that included both the colour adjective and the shape
noun. Sample English and Guarani sentences are given in
(1) and (2), respectively; note that the adjective follows
the noun in Guarani. The Directors were not explicitly

(2) | (b)

- o

=3 |sm |7

=

instructed to fill the boxes in order, but all Directors did
so. Upon hearing the Director’s utterance, the Follower
selected the appropriate tile from the table and placed it
in the appropriate box. Once the board was complete, the
Director confirmed its correctness. We refer to the event
of filling a board as a trial; each trial consisted of four or
six utterances.

(1) Put the orange flower in box two.

(2) E-moi kure hi petei-me.
you-put pig black one-in

“Put the black pig in box one.”

The available subset of tiles on each trial was manipulated
to create two visual context conditions: which expression
(the noun, adjective, or NP) was focussed in all of the utter-
ances in the trial was either predictable or not predictable
from the context. In the Predictable Context, each board
had four boxes, and five tiles were placed between the
Director and the Follower. The five tiles were selected
such that the expression of the NP that was going to be
focussed in the Director’s utterances was predictable
from the selected tiles. In Predictable Context Adjective
Focus trials, exemplified in Figure 1, the five tiles had
the same shape but differed in colour (e.g. orange flower,
green flower, blue flower, etc.), i.e. it was predictable
that the adjectives were going to be focussed in the Direc-
tor’s utterances. In Predictable Context Noun Focus trials,
the five tiles had the same colour but differed in shape (e.g.
orange flower, orange lion, orange deer, etc.), i.e. it was
predictable that the nouns were going to be focussed in
the Director’s utterances. In Predictable Context NP
Focus trials, the five tiles differed from one another in
both shape and colour (e.g. orange flower, green lion,
blue deer, etc.), i.e. it was predictable that the entire NPs

(c)

m ¢ U B F S

e e I 4

Figure 1. Sample Guarani Director’s game board (a), game tiles (b), and Follower’s game board (c). The Director’s game board contains
four pigs, coloured black, red, white, and yellow. The game tiles include five pigs, coloured blue, white, red, black, and yellow. [To view

this figure in colour, please see the online version of this Journal.]
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were going to be focussed in the Director’s utterances.
Thus, in the Predictable Context trials, which expression
in the Director’s utterances was focussed was fully predict-
able from the visual context (i.e. the tiles placed between
the experiment participants). For a more detailed descrip-
tion of the Predictable Context trials in this experiment,
see Burdin et al. (in press).

In the Unpredictable Context, each board had six boxes
and eight tiles were placed between the Director and the
Follower. These eight tiles included the six items on the
Director’s board and two items that were selected to
control the colour and shape similarity of available tiles
throughout the trial. Some tiles were unique in both
shape and colour, and others shared either shape or
colour with other available tiles. Therefore, in the Unpre-
dictable Context trials, whether the adjective, the noun,
or the entire NP would be focussed in the Director’s utter-
ances was not predictable from the remaining tiles.

Thus, in contrast to the Predictable Context trials, in
which both the Director and the Follower knew from the
visual context which part of the NP would be focussed in
the Director’s utterance, in the Unpredictable Context
trials, only the Director had this information prior to produ-
cing his or her utterance. For example, if the tile to be
placed (T,) differed from the tile that had just been
placed (T,_;) in colour alone, then in the utterance for
tile T,, the adjective was focussed because the adjective
of the utterance for tile T, contrasted with the adjective
of the utterance for tile T,_; (e.g. green owl ... [brown]r
owl, where [ ]r marks the focussed expression). Similarly,
if tile T, differed from tile T,_; in shape alone, then the
noun was focussed in the utterance for tile T,, because it
contrasted with the noun of the utterance for tile T,_;
(e.g. green owl ... green [deer]). Finally, if tile T, differed
in both shape and colour from tile T,_;, then the entire NP
was focussed in the utterance for tile T,, because it con-
trasted with the NP of the utterance for tile T,_; (e.g.
green owl ... [brown deer]r). Crucially, the Follower did
not know which part of the NP was focussed prior to
hearing the Director’s utterance for any given tile in this
condition. Thus, in the Unpredictable Context trials, infor-
mation about which part of the NP was focussed was only
available to the Follower from the Director’s utterance,
whereas in the Predictable Context trials, this information
was also available from the visual context. We therefore
expected to see differences in the prosodic realisation of
focus in the two context conditions, reflecting this differ-
ence in the availability of information about focus location
in the visual context across conditions.

In Unpredictable Context trials, utterances in all
three focus conditions were realised on each trial. Each
set of six boxes included two fillers, and the first box of
a trial was always a filler. Of the remaining four boxes,
two were NP Focus targets, one was an Adjective Focus
target, and one was a Noun Focus target® As in the

Predictable Context, the NP Focus targets in the Unpredict-
able Context were unique in colour and shape among
the available tiles and the Noun and Adjective Focus
targets always had at least one competitor tile with the
same colour or shape, respectively, among the remaining
tiles.

Each session began with a block of four Predictable
Context NP Focus trials, followed by four trials in each
of the Predictable Context Adjective Focus and Predictable
Context Noun Focus blocks. The order of these two blocks
was counterbalanced across participants. NP Focus trials
were completed first so that all five distinct colours and
all five distinct shapes were presented to each participant
on the first trial. Finally, participants completed eight
trials in the Unpredictable Context. Within each block,
the order of the trials was randomised separately for each
participant.

The Directors wore a head-mounted microphone and
their utterances were digitally recorded. Prior to analysis,
utterances that were produced with errors or disfluencies
were removed (93 for English; 96 for Guarani). The analy-
sis is therefore based on 707 English utterances and 704
Guarani utterances.

Analysis

Each target utterance was segmented for analysis into an
individual sound file, identified by block, trial number,
and box number. The block labels were opaque to focus
condition (i.e. A, B, C, and D). The English utterances
were transcribed using the Tones and Break Indices
(ToBI) conventions for Mainstream American English
(Beckman & Ayers Elam, 1997), which distinguish differ-
ent pitch accent heights (e.g. L* vs. |H* vs. H¥), different
pitch accent alignments (e.g. L* + H vs. L + H*), and two
levels of prosodic phrasing above the word (e.g. L- vs.
L%). The Guarani utterances were transcribed in the auto-
segmental-metrical framework, following the analysis pro-
posed by Clopper and Tonhauser (2013), as described in the
introductory section on the prosodic system of Guarani
above. Each utterance in each language was transcribed
by one author and checked by another author to ensure
reliability (ToBI transcriptions for American English are
generally reliable; Pitrelli, Beckman, & Hirschberg, 1994;
Syrdal & McGory, 2000). From these transcriptions, the
pitch accents of the adjectives and nouns were extracted.
The presence or absence of a phrase boundary (i.e. intona-
tional phrase boundaries in Guarani and both intermediate
and intonational phrase boundaries in English) was also
coded for two positions: within the NP (between the
noun and adjective) and following the NP. Adjective and
noun word boundaries were identified by visual and audi-
tory inspection of the spectrogram and waveform, and
word durations were extracted automatically from the
boundary placement. For the English data, where the
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pitch accents were overwhelmingly high or rising, the {0
peak associated with the high target of pitch-accented
nouns and adjectives was extracted to provide a phonetic
measure of f0 height. This fO peak did not always occur
within the word; late peaks were identified consistent
with the phonological transcription. For the Guarani data,
in which falling and rising pitch accents were observed,
the absolute value of the slope of the f0 rise or fall associ-
ated with each pitch accent was extracted. The absolute f0
slope measure was selected because Clopper and Tonhau-
ser (2013) found it to be a better predictor of focus than
{0 range (i.e. absolute excursion size). Slope was calculated
as the absolute difference in Hz between the f0 maximum
and the f0 minimum, divided by the temporal distance
between them in seconds. Slope can thus be interpreted
as rate of change in Hz/s. All fO peaks and valleys were
identified by hand to avoid segmental effects; the measures
were extracted via an automatic script, with every measure-
ment hand-checked to correct for errors arising from non-
modal voice quality.

The phonological and phonetic data were analysed
using mixed-effects regression models predicting accent-
ing, accent type, duration, and f0 peak (for English) or f0
slope (for Guarani). Separate models were constructed
for the adjectives and nouns. Each model had focus con-
dition (Adjective, Noun, NP), context condition (Predict-
able, Unpredictable), and their interaction as fixed
effects. The fixed effects were treatment-coded with
Noun Focus and Adjective Focus as the reference levels
for focus condition for the noun and adjective analyses,
respectively. The Predictable Context was the reference
level for context condition in all analyses. Random inter-
cepts were included for Director, noun, and adjective. To
avoid model over-specification, the maximal random
slopes that resulted in convergence and did not include
strong random effect correlations (J7|>.9) were retained
for each model (Barr, Levy, Scheepers, & Tily, 2013).
The analyses of pitch accent type and f0 were restricted
to the subset of accented tokens. The English pitch
accents were collapsed into two categories for analysis —
high (H*, 'H*) and rising (L + H*, L* + H) — to allow for
stronger comparison with Guarani, which only exhibits
two pitch accent categories. To control for phonological
prosodic effects on the phonetic variables, pitch accenting
(accented or unaccented) and following phrase boundary
(present or absent) were included as fixed effects in the
word duration analyses, and pitch accent type (high or
rising in English, rising or falling in Guarani) was included
as a fixed effect in the f0 analyses.” To control for the con-
tribution of duration to the f0 slope measure, duration was
included as a fixed effect in the fO slope analysis. Statistical
significance of planned pairwise comparisons was deter-
mined assuming a normal distribution of model z and ¢ esti-
mates; absolute z and ¢ values greater than 1.96 were
interpreted as significant (p <.05).

Results

Based on previous research on focus marking in English
and Guarani, we expected to observe main effects of
focus condition for each dependent variable (e.g. nouns
are longer in Noun Focus than Adjective Focus). Addition-
ally, given our specific hypothesis regarding the effect of
contextual predictability on prosodic prominence, an inter-
action between focus and context condition was predicted,
such that focussed items in the Unpredictable Context were
expected to have stronger or more prominent cues to focus
than focussed items in the Predictable Context. Although
English and Guarani mark focus through somewhat differ-
ent phonetic and phonological means, both languages were
expected to exhibit the same general pattern of focus and
predictability effects.

American English
The percentages of rising (L + H*, L* + H), high (H*, |H*),
and unaccented adjectives and nouns in the English
utterances are shown in the top and bottom panels of
Figure 2, respectively. The results of the mixed-effects
models for English adjectives and nouns are summarised
in Tables 1 and 2, respectively. Adjectives were more
likely to be unaccented in Noun Focus than Adjective
Focus, consistent with variable deaccenting of non-
focussed expressions in English (Calhoun, 2010; Ito &
Speer, 2006; Katz & Selkirk, 2011). Among the accented
adjectives, rising pitch accents were marginally less
frequent in Noun and NP Focus than Adjective Focus in
the Predictable Context, but rising pitch accents were
significantly less frequent in Noun Focus than Adjective
Focus in the Unpredictable Context. This pattern is consist-
ent with the use of rising pitch accents to mark focussed
expressions in English (Pierrchumbert & Hirschberg,
1990) and suggests that the difference in pitch accent
types across focus conditions was larger in the Unpredict-
able Context than the Predictable Context, as predicted.
Similarly, nouns were more likely to be unaccented in
Adjective Focus than Noun Focus, consistent with variable
deaccenting of non-focussed expressions in English
(Calhoun, 2010; Ito & Speer, 2006; Katz & Selkirk,
2011). Among accented nouns, rising pitch accents were
more frequent in Noun Focus than Adjective or NP
Focus, as expected. However, rising pitch accents on the
noun were less frequent in Noun Focus in the Unpredict-
able Context than the Predictable Context, and the differ-
ence between Noun Focus and Adjective Focus was
smaller in the Unpredictable Context than the Predictable
Context. Thus, unlike for adjectives, the difference in
pitch accent types across focus conditions was greater in
the Predictable Context than the Unpredictable Context,
contrary to expectation.



Downloaded by [Ohio State University Libraries] at 06:59 13 November 2015

Language, Cognition and Neuroscience 1067

100%
90% A
80% A
70% A
[%2]
]
=
S 60% T
2
<
S 50% A
I=
8
5 40% A
o
30%
20% A
10%
0% T T g T
Adjective Focus Noun Focus NP Focus Adjective Focus Noun Focus NP Focus
Predictable Unpredictable
ORising (L+H*, L*+H) B High (H*, 'H*) OUnaccented
100%
90%
80% A
70%
w
{ =4
2 60% 1
z
N
2 50% -
E (]
@
e
& 40% A
30% 1
20% A
10% 1
0% T T T T

Adjective Focus Noun Focus NP Focus Adjective Focus Noun Focus NP Focus

Predictable Unpredictable

ORising (L+H*, L*+H) B High (H*, IH*) OUnaccented

Figure 2. Percentages of rising (L + H*, L* + H), high (H*, !H*), and unaccented adjectives (top) and nouns (bottom) in English for each
focus condition in each context condition.

Focus and context condition also affected noun dur- English (Eady & Cooper, 1986). Nouns were also longer
ation in English. As shown in the right panel of Figure 3, in the Unpredictable Context than the Predictable
nouns were longer in Noun Focus than Adjective Focus, Context, but this context effect was reduced in NP Focus,

consistent with lengthening of focussed expressions in leading to a greater duration difference between Noun
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Table 1. Summary of the context and focus effects in the mixed-effects models for English adjectives.

Accenting Accent type (rising) Duration f0 peak
Context (Unpred.) B=16.65,2z=0.02 B=0.75,z=1.58 B=0.66, t=0.06 p=9.91,1=2.49
Focus (Noun) p=-1.67,z=-2.64 B=-133,z=-1.71 B=3.32.1=0.43 B=0.13,¢=0.03
Focus (NP) B=0.03, z=0.05 B=-134,z=-1.85 B=9.02,¢=1.23 B=2.54,1=0.61
Unpred. X Noun p=-16.54,z=-0.02 p=-3.33,z=-3.56 B=-10.77, t=-0.98 p=-14.45,¢t=-2.55
Unpred. X NP p=-16.39, z=-0.02 B=-0.36, z=—-0.64 B=—-1194,¢t=-1.20 p=-13.83,r=-2.11

Notes: Significant effects are in bold. “Unpred.” refers to the Unpredictable Context, and the x symbol indicates interactions between factors.

Table 2. Summary of the context and focus effects in the mixed-effects models for English nouns.

Accenting

Accent type (rising)

Duration f0 peak

Context (Unpred.)
Focus (Adjective)

B=-0.15, z=—0.15
B=—-2.57,7=-3.90

Focus (NP) p=-094,z=-1.28
Unpred. X Adjective p=-0.14,z=-0.13 p=1.15,z7=2.24
Unpred. x NP B=0.47,2z=0.42

B=—082,7=—2.42
B=—1.44,7=-3.39
B=—0.69, 7= —2.05

B=-0.35,z=—0.79

B=25.00, t=3.02
B=—-37.79, t=—5.18
B=0.92, t=0.13
B=14.14, t=120
B=—22.02, t=—2.05

B=721,1=2.54
B=—593, t=—1.47
B=-0.18, t=—0.05
B=—9.55t=—2.20
B=—15.38, t=—4.15

Notes: Significant effects are in bold. “Unpred.” refers to the Unpredictable Context, and the x symbol indicates interactions between factors.

Focus and NP Focus in the Unpredictable Context than the
Predictable Context. This pattern reflects greater duration
differences across focus conditions in the Unpredictable
Context than the Predictable Context, as expected. As
shown in the left panel of Figure 3, no effects of focus or
context condition were observed for adjective duration.
The effects of focus and context condition on noun dur-
ation were independent of phonological pitch accenting
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and phrasing. Both adjectives and nouns were longer
when they were accented than when they were unaccented
(adjectives: f=22.52, t=3.40; nouns: f=18.40, t=2.23)
and when they were followed by a phrase break than
when they were not (adjectives: $=99.76, ¢=28.95;
nouns: f=36.46, t=5.88).

Focus and context condition also affected f0 peak
height for both adjectives and nouns in English, as
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Figure 3. Mean adjective (left) and noun (right) duration in English for each focus condition in each context condition. Error bars are

standard error of Director means.
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shown in the left and right panels of Figure 4, respectively.
For accented adjectives, the f0 peak was higher in the
Unpredictable Context than the Predictable Context, but
this context effect was reduced in Noun and NP Focus rela-
tive to Adjective Focus. Similarly, for accented nouns, the
f0 peak was higher in the Unpredictable Context than the
Predictable Context, but this context effect was reduced
in Adjective and NP Focus relative to Noun Focus. This
interaction between focus and context condition reflects
higher f0 peaks associated with focussed expressions
than non-focussed expressions (Eady & Cooper, 1986),
with a larger focus effect in the Unpredictable Context
than the Predictable Context, as expected. For both nouns
and adjectives, these effects of focus and context condition
on f0 peak were independent of overall effects of pitch
accent type: f0 peaks were higher for rising pitch accents
than for high accents for both nouns and adjectives (adjec-
tives: f=16.88, t=9.16; nouns: f=15.67, t=8.66).
Taken together, these results demonstrate the expected
effects of focus and contextual predictability on pitch
accenting, duration, and f0 peak in English. Focussed
expressions were more likely to be realised with rising
pitch accents, whereas non-focussed expressions were
more likely to be unaccented. Focussed nouns were
longer than non-focussed nouns and focussed expressions
were realised with higher f0 peaks than non-focussed
expressions. The effects of focus on adjective pitch
accent type, noun duration, and adjective and noun f0
peak were larger in the Unpredictable Context than the Pre-
dictable Context, as expected. The effect of focus on noun
pitch accent type was smaller in the Unpredictable Context
than the Predictable Context, contrary to our predictions.
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Context condition had no significant effect on deaccenting.
Thus, our hypothesis that the prosodic cues to focus would
be enhanced in the Unpredictable Context relative to the
Predictable Context was confirmed for some of our
measures for some focussed expressions. We also observed
one effect in the opposite direction to our prediction.
However, the lack of an effect of context condition on
adjective duration and noun or adjective deaccenting
across focus conditions is not strong evidence against our
hypothesis because we expected these effects to vary
both within and across languages. We have therefore
obtained evidence for this variability within English and
consider cross-linguistic variation in our discussion of the
Guarani results below.

Paraguayan Guarani

The percentages of rising (LH), falling (HL), and unac-
cented nouns and adjectives in the Guarani utterances are
shown in the top and bottom panels of Figure 5, respect-
ively. The results of the mixed-effects models for
Guarani nouns and adjectives are summarised in Tables 3
and 4, respectively. Nouns were more likely to be unac-
cented in Adjective Focus than Noun Focus, suggesting
deaccenting of non-focussed expressions. Among the
accented nouns, fewer rising pitch accents were observed
in NP Focus than Noun Focus, consistent with Clopper
and Tonhauser’s (2013) observation of more rising pitch
accents on focussed expressions than non-focussed
expressions.

Adjectives were rarely unaccented and no effects of
focus or context condition were observed on adjective
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Figure 4. Mean f0 peak for accented adjectives (left) and nouns (right) in English for each focus condition in each context condition.

Error bars are standard error of Director means.
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Figure 5. Percentages of rising (LH), falling (HL), and unaccented nouns (top) and adjectives (bottom) in Guarani for each focus con-

dition in each context condition.

accenting. Among the accented adjectives, more rising
pitch accents were observed in Noun and NP Focus than
Adjective Focus. Thus, unlike the pattern observed for
nouns, focussed adjectives were realised with falling

pitch accents more often than non-focussed adjectives.
Figure 5 shows that adjectives were realised with rising
pitch accents more often overall than nouns (74% of adjec-
tives vs. 39% of nouns). The falling pitch accent may



Downloaded by [Ohio State University Libraries] at 06:59 13 November 2015

Language, Cognition and Neuroscience 1071

Table 3. Summary of the context and focus effects in the mixed-effects models for Guarani nouns.

Accenting Accent type (LH) Duration {0 slope
Context (Unpred.) B=0.46,z=0.77 B=-0.26,z=-0.35 B=3.48,1t=0.24 B=-11.21,t=-0.86
Focus (Adjective) p=-1.19,z=-1.99 B=-0.40, z=-0.81 p=-30.60, r=—2.51 B=-16.77, t=-1.39
Focus (NP) B=-0.29, z=-0.62 p=-1.03,z=-2.00 B=0.45,t=0.05 B=-9.74, t=-0.82
Unpred. X Adjective B=0.51,z=0.76 B=-0.24,z=-0.30 B=18.85,1=0.67 B=13.11, t=0.68
Unpred. x NP p=-0.63,z=-1.02 B=1.16,z=154 B=-136,t=-0.11 B=15.00, t=0.85

Notes: Significant effects are in bold. “Unpred.” refers to the Unpredictable Context, and the x symbol indicates interactions between factors.

Table 4. Summary of the context and focus effects in the mixed-effects models for Guarani adjectives.

Accenting Accent type (LH) Duration {0 slope
Context (Unpred.) £=0.46,2z=0.71 p=146,z=1.20 p=832,¢t=0.71 B=46.72,t=2.89
Focus (Noun) B=0.23,z=0.43 p=0281,z=1.98 B=13.63,t=1.72 B=13.00, t=0.95
Focus (NP) $=0.08,z=0.15 =094, z=2.17 p=23.63,1=2.80 B=-7.45,t=-0.55
Unpred. x Noun B=-0.30,z=-0.33 B=0.25,2z=0.31 B=-20.36, t=-1.41 B=-22.96, t=-1.00
Unpred. x NP B=-0.12,z=-0.14 B=0.46,z=0.61 B=-4.17,t=-0.25 B=-7.98, t=—-0.38

Notes: Significant effects are in bold. “Unpred.” refers to the Unpredictable Context, and the x symbol indicates interactions between factors.

therefore be more marked for adjectives than for nouns, Focus condition also affected noun and adjective dur-
allowing it to serve a focus-marking function. This differ- ation in Guarani. As shown in the left panel of Figure 6,
ence in the distribution of pitch accents for focussed nouns were significantly shorter in Adjective Focus than
nouns and adjectives may reflect their relative position in Noun Focus, but the duration of nouns in Noun Focus
the phrase: whereas NP-initial focussed nouns are realised and NP Focus did not differ significantly. These results
with rising pitch accents, NP-final focussed adjectives are are consistent with lengthening of focussed expressions
realised with falling pitch accents. Unlike in English, in Guarani (Clopper & Tonhauser, 2013). As shown in
context condition was not a significant predictor of pitch the right panel of Figure 6, adjectives were significantly
accenting. longer in NP Focus than Adjective Focus. Together with
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Figure 6. Mean noun (left) and adjective (right) duration in Guarani for each focus condition in each context condition. Error bars are
standard error of Director means.
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the noun duration results, this unexpected effect of focus
condition on adjective duration may reflect lengthening
of both the noun and the adjective in NP Focus. These
effects of focus condition on duration were independent
of phonological pitch accenting and phrasing. Both
nouns and adjectives were longer when they were
accented than when they were unaccented (nouns: =
49.99, t=6.68; adjectives: f=25.04, t=2.72) and when
they were followed by a phrase boundary than when
they were not (nouns: §=146.95, r=11.93; adjectives:
B=72.32, t=13.22). Unlike in English, context condition
was not a significant predictor of word duration.

In contrast with Clopper and Tonhauser’s (2013) find-
ings, focus condition had no significant effect on the f0
slope of Guarani adjectives. However, the absolute value
of the f0 slope of the adjectives was affected by context
condition, as shown in the right panel of Figure 7.
Steeper slopes were observed in the Unpredictable
Context than the Predictable Context for accented adjec-
tives, suggesting an overall increase in prosodic promi-
nence, rather than an increase in the prosodic marking of
focus, in the Unpredictable Context relative to the Predict-
able Context. This context effect is independent of effects
of pitch accent type and duration: significantly steeper
slopes were observed for rising pitch accents than falling
pitch accents overall (8=40.89, t=3.03) and for longer
adjectives than shorter adjectives overall (8= 183.36, t=
2.94). As shown in the left panel of Figure 7, neither
focus nor context condition significantly affected the f0
slope of accented nouns.

Taken together, these results demonstrate significant
effects of focus and contextual predictability on pitch

275

250 A

200 A

175 1

SR
N B

100 1

Noun fO Slope (Hz/s)

75

Adjective Focus Noun Focus NP Focus

A Predictable © Unpredictable |

Adjective fO Slope (Hz/s)

accenting and duration in Guarani. Focussed nouns were
more likely to be realised with rising pitch accents,
whereas non-focussed nouns were more likely to be unac-
cented. Focussed nouns were also longer than non-
focussed nouns. Focussed adjectives were more likely to
be realised with falling pitch accents than non-focussed
adjectives. The adjectives in focussed NPs were longer
than the adjectives in other focus conditions. Unlike in
English, context condition did not affect the magnitude
of these focus effects. However, the f0 slope of accented
adjectives was steeper in all focus conditions in the Unpre-
dictable Context than the Predictable Context, suggesting
an overall increase in prosodic prominence in the Unpre-
dictable Context relative to the Predictable Context.
Thus, whereas in English effects of focus and context con-
dition were observed across the phonological and phonetic
variables we examined, in Guarani, the effect of focus
emerged for pitch accenting and duration and the effect
of context condition emerged for f0 slope.

The results from both languages exhibited some asym-
metries across nouns and adjectives in different conditions.
In English, the duration-lengthening effects of focus and
context condition only affected nouns; in Guarani, f0
slope effects were only observed for adjectives, and deac-
centing patterns were only observed for nouns. Differences
in NP word order may explain some of these asymmetries,
and may prove a fruitful area for future study. As noted
above, in Guarani the adjective follows the noun,
whereas in English it precedes the noun. This difference
allows for a comparison of effects of position in the
phrase (final vs. non-final) and syntactic headedness (the
noun being the head of the NP). In English, headedness
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Figure 7. Mean f0 slope for accented nouns (left) and adjectives (right) in Guarani for each focus condition in each context condition.

Error bars are standard error of Director means.
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is confounded with finality, but in Guarani the head noun is
non-final. Thus, the f0 slope effects in Guarani may be due
to finality, but the deaccenting patterns to headedness. Our
results further demonstrate that Guarani differs from
Romance languages with noun—adjective word order
which do not mark focus prosodically within the NP,
such as Italian (Ladd, 2008; Swerts et al., 2002), and
suggest that word order does not constrain the prosodic
realisation of focus within the NP.

General discussion

The same interactive task was used to elicit English and
Guarani utterances with different foci in two conditions
that differed in contextual predictability. Our analysis
confirmed the prosodic differences between the two
languages and further revealed that the prosodic realis-
ation of focus is affected by contextual predictability in
both languages. The precise details of these effects,
however, appear to be language-specific. In English, the
phonetic and phonological cues used to mark focus were
enhanced in the Unpredictable Context relative to the Pre-
dictable Context, leading to larger prosodic differences
between focus conditions in the Unpredictable Context
than the Predictable Context. In Guarani, on the other
hand, accented adjectives had steeper fO slopes in the
Unpredictable Context than the Predictable Context
regardless of focus condition, suggesting greater levels
of overall prosodic prominence in the absence of contex-
tual predictability. Thus, the results of this study revealed
cross-linguistic variation in the nature and extent of the
effect of contextual predictability of focus on the realis-
ation of prosodic prominence.

The results from both languages also exhibited some
asymmetry between the effects observed for nouns and
adjectives. As discussed above, we speculate that these
differences may be due in part to language-specific word
order and syntactic headedness effects. We also obtained
one result which deviated from the predicted pattern: in
English, a greater proportion of rising pitch accents was
observed on the noun in the Predictable Context than the
Unpredictable Context. To the extent that rising pitch
accents are more prominent than high pitch accents, this
result reflects a pattern of increased prominence in the con-
textually predictable condition relative to the unpredictable
condition, which is opposite to the predicted result, and
opposite to the pattern of results observed for English
adjectives. We do not have an explanation for this deviation
from the predicted pattern. Despite these unexpected find-
ings, however, our results provide substantial evidence that
the prosodic realisation of focus in both American English
and Paraguayan Guarani is affected by contextual
predictability.

Our results thus further support the hypothesis that con-
textual predictability affects linguistic form at all levels of

linguistic structure, including prosody, and extend the
empirical support for this hypothesis to a new linguistic
domain, the prosodic realisation of focus, and to an under-
studied language, Guarani. As described in the introduc-
tion, this hypothesis is consistent with information-based
theories of language production, such as Aylett and
Turk’s (2004) smooth signal redundancy hypothesis,
Levy and Jaeger’s (2007) and Jaeger’s (2010) uniform
information density hypothesis, and Pluymaekers et al.’s
(2005) informational redundancy hypothesis. According
to these theories, unpredictable expressions are produced
in a phonetically prominent manner to maximise the likeli-
hood of the listener correctly comprehending the utterance.
In contrast, predictable expressions are free to be phoneti-
cally reduced, thus saving effort for the talker, because their
predictable nature means that the listener is unlikely to mis-
understand the linguistic content. The English results
obtained in this study are generally consistent with these
theories, in that the cues marking the focussed expression
were larger in the contextually unpredictable condition
than in the contextually predictable condition. That is, the
English Directors produced reduced prosodic cues to
focus in the Predictable Context relative to the Unpredict-
able Context because the location of focus in their utter-
ances was predictable from the visual context. Similarly,
the Guarani results show that prosodic prominence was
enhanced overall in the contextually unpredictable con-
dition. However, the Guarani pattern was independent of
focus marking, suggesting that, unlike in English, the
specific cues to focus were not being reduced in the pre-
dictable condition. Rather, the overall prominence of the
expression was reduced in the Predictable Context relative
to the Unpredictable Context through the manipulation of
f0 slope. Thus, our results suggest that different languages
employ different means to express the effects of contextual
predictability on the prosodic realisation of focus and that
models of contextual predictability effects must be able
to account for the patterns observed in both English and
Guarani in this study.

Additionally, our data do not rule out the possibility that
predictability effects on speech production are due to talker-
internal cognitive processes, such as contextual information
facilitating lexical retrieval and production, rather than infor-
mation smoothing (Bard et al., 2000; Bell et al., 2003; Gahl,
Yao, & Johnson, 2012; Kahn & Arnold, 2012, 2015), or to
multiple competing mechanisms, including both information
smoothing and egocentric processes (Bard & Aylett, 2005;
Watson, 2010). Regardless, the difference in patterns
between our English and Guarani results suggest that any
mechanism accounting for these effects must be able to ade-
quately model language-specific differences and their inter-
actions with cognitive processes.

Taken together, our results suggest that the two
languages follow the same general principle that prosodic
cues are enhanced in the absence of contextual
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predictability. However, the specific variables affected by
context, and the interaction between contextual predictabil-
ity and focus marking, is language-specific. In English, cues
to focus marking were enhanced in the Unpredictable
Context, relative to the Predictable Context. However, this
interaction between contextual predictability and focus
was not observed in Guarani; instead, overall prosodic pro-
minence was increased in the Unpredictable Context rela-
tive to the Predictable Context, regardless of focus. Thus,
our current analyses support the hypothesis that the proso-
dic realisation of focus is predictability-dependent in
English, but that overall prosodic prominence is predictabil-
ity-dependent in Guarani. This result underscores the
importance of cross-linguistic work in psycholinguistic
and prosodic research, and suggests that different languages
may respond to contextual manipulations in different ways.
Further cross-linguistic research is necessary to determine
the possible relationships among contextual predictability
and phonological and phonetic cues to focus.
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Notes

1. On the assumption that focussed expressions are unpredictable
because they provide new or contrastive information, our
manipulation is essentially a manipulation of whether the
unpredictability of an expression is itself predictable. This
kind of predictability of focus from the visual context can be
thought of as a “second-order predictability” — the relative
expectedness of the unexpected.

2. The Predictable and Unpredictable Contexts differed in the
extent to which target words were repeated across utterances
within a trial. Whereas non-focussed expressions in Noun
and Adjective Focus were repeated four times in the Predict-
able Context, they were repeated only twice in the Unpredict-
able Context. If more repetition leads to greater reduction of
non-focussed expressions, larger differences between focussed
and non-focussed expressions are expected in the Predictable
Context than the Unpredictable Context, contrary to our pre-
diction about contextual predictability. Thus, our design may

underestimate the effect of contextual predictability on the
prosodic realisation of focus.

3. This design involved two levels of contextual predictability. In
the Predictable Context, which expression was focussed was
predictable from the visual context. In addition, the words in
the NP were partially predictable. For example, in the Adjec-
tive Focus trial shown in Figure 1, the word for “pig” was pre-
dictable from the visual context. Similarly, in NP Focus trials,
the adjective and the noun were predictable from each other,
since each tile was unique in both shape and colour. In the
Unpredictable Context, which expression was focussed was
never predictable from the context and the non-focussed
expression in Adjective and Noun Focus targets was also not
predictable. However, for NP Focus targets, the adjective
and the noun were predictable from each other, as in the Pre-
dictable Context, because these tiles were unique in both shape
and colour among the available tiles.

4. The accent type and focus condition predictors were not sig-
nificantly correlated with each other in either of the English
0 peak analyses (all »<.12).
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