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Abstract

Previous studies have demonstrated that focus significantly alters sentential prosody in Persian.
However, research on the phonetic realization of non-corrective narrow focus is scarce
compared to that on broad and corrective focus. This paper presents a systematic production
study investigating whether Persian speakers distinguish between three focus structures on target
words that bear a pitch accent, that is, broad, narrow, and corrective focus. In a multidimensional
phonetic analysis, we investigated the parameters of intensity, duration, and FO. Taking a local
perspective, results show that the duration of the target word is a robust cue for focus marking
in both syllables of the word, exhibiting a three-step pattern (corrective > narrow > broad). In
the first syllable, intensity is a reliable cue to distinguish broad focus from the other two focus
types, with higher intensities in broad focus. In the accented syllable, a different two-step pattern
is observed, with narrow and corrective focus showing larger FO spans than broad focus. Taking a
global perspective that considers the parts of the utterance before and after the target word, we
find a lowering of FO and decreased intensity for narrow and corrective focus in the pre-target
region. In the post-target region, we find strong evidence for differences in mean FO and intensity
with lower FO in corrective focus than in broad and narrow focus, while the intensity is lower
in narrow and corrective focus than in broad focus. Our analysis deepens our understanding of
Persian prosody.
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Prosodic focus, Persian, FO, duration, intensity
| Introduction

Information structure refers to the structuring of sentences (information packaging in Chafe’s
terms) in different kinds of information blocks (Chafe, 1976; Féry & Ishihara, 2015). Focus, as
one of the basic notions of information structure, is defined as the presence of alternatives relevant
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to the interpretation of linguistic expressions (Krifka, 2008). This concept has been extensively
explored in different disciplines of linguistics—in semantics, pragmatics, syntax, morphology, and
prosody. From a prosodic perspective, a distinction can be made between broad and narrow focus,
differing in the size of the focus constituent (Ladd, 2008). All information is new in the broad focus
sentence (1), and the focus constituent, as indicated by square brackets, covers the entire sentence.

1. Q: What happened?
A: [Peter stole the cookie. ],

In a narrow focus (Krifka, 2008, p. 250), some of the information is already given by the previ-
ous context, for example, a preceding question, and only some information is new. For example, in
the mini-dialogue in (2), the word Peter is in focus, and the remaining part of the sentence is con-
sidered as the background.

2. Q: Who stole the cookie?
A: [Peter] stole the cookie.

Another pragmatic use of focus is to correct information. When the focus marks a constituent
that directly rejects an alternative, either previously spoken by the speaker or by the interlocutor,
the focus is called corrective (Gussenhoven, 2007, p. 91; see also Repp, 2016).

3. A: The capital of Finland is Oslo.
B: The capital of Finland is [Helsinki].

Languages use different prosodic cues, in addition to syntactic and/or morphological means, to
express focus and draw a listener’s attention to a particular part of an utterance (Chen et al., 2014;
Kiigler & Calhoun, 2020; Ladd, 2008; Roessig & Miicke, 2019; Zimmermann & Fery, 2010;
among many others). During the past years, a plethora of acoustic studies from several language
families revealed that fundamental frequency is an important marker of focus structure, followed
by cues related to syllable duration and intensity (Baumann et al., 2007; Cooper et al., 1985; Frota,
2000; Kiigler & Calhoun, 2020; Ladd & Arvaniti, 2023; Miicke & Grice, 2014; Roessig et al.,
2022; Xu, 2011; among others). All studies on Persian so far have concentrated on the manifesta-
tion of one particular focus type, namely corrective focus, compared to broad focus as a baseline
condition. Accordingly, it is unclear how different types of focus, including non-corrective narrow
focus, affect the phonetic properties of prosodic prominence in Persian in a more fine-grained way.

The present research will experimentally investigate phonetic parameters of Persian utterances
in three different focus conditions (broad, narrow, and corrective focus), which are elicited as
answers to pre-recorded questions. We aim to characterize intonation contours (FO mean, FO span,
FO minimum, and FO maximum), in addition to duration and intensity. The study will look at both
the more local syllable level (two syllables of the target word) and at a more global level, investi-
gating changes in the region before the target word (pre-target region) and after the target word
(post-target region).

This article is structured into five key sections. Section 2 elaborates on the prosodic focus in
Persian. Section 3 outlines the methodology, including aspects such as participants, speech mate-
rial, procedures, recording techniques, annotation and measurement, and statistical analysis. The



568 Language and Speech 68(3)

results, presented in Section 4, covers visualizations of average FO contours and detailed analyses
of the syllables in the target word, as well as the surrounding pre-target and post-target regions. The
final section offers a discussion of the findings and their broader implications.

2 Prosodic focus in Persian

The study of Persian prosody has a rich history within the literature, particularly evident in
classical Persian grammar books. Yet, Vahidian-Kamyar’s (1972) PhD dissertation stands as
the pioneering comprehensive investigation within the framework of British tradition laid out
by Crystal (1969). Since then, several significant contributions have been published, includ-
ing the work by Towhidi (1974), Eslami (2000), Mahjani (2003), Kahnemuyipour (2003),
Scarborough (2007), Sadat-Tehrani (2007, 2009), Abolhasanizadeh et al. (2012), Taheri-
Ardali & Xu (2012), Taheri-Ardali et al. (2014), Taheri-Ardali & Xu (2015), Hosseini (2013,
2014), Rahmani (2019), Rahmani et al. (2015, 2018), Sadeghi (2017a, 2017b, 2022), and
Shiamizadeh et al. (2017a, 2017b, 2018, 2019). Among these publications, some have addressed
the issue of prosodic focus from different perspectives, identifying various phonetic and pho-
nological correlates as indicators of corrective focus in Persian (Abolhasanizadeh et al., 2012;
Hosseini, 2013; Rahmani et al., 2018; Sadat-Tehrani, 2007; Scarborough, 2007; Taheri-Ardali
et al., 2014; Taheri-Ardali & Xu, 2012). It is worth bearing in mind that we attempt to include
the original terminologies used in the literature, but for the sake of clarity, the current study’s
equivalent terms have been partly added in [because you changed the square brackets to curly in
the following paragraph so I removed “square”] brackets. Particularly, broad focus, which was
traditionally regarded as the baseline in prior studies, remains a focus type on its own within our
current study. Note that some authors do not regard broad focus as a focus—constituents in broad
focus are then non-focused or neutral to focus.

According to Sadat-Tehrani (2007), a focused accentual phrase has a larger pitch excursion (FO
span) and longer duration than its non-focused counterpart (broad focus). In addition, the non-
focused part of a focused sentence is usually pronounced at a faster rate than the part directly under
the focus. The focused accentual phrase has a low boundary tone and causes de-accenting up to the
end of the utterance. Following this, Abolhasanizadeh et al. (2012) argue that extremely small dura-
tional, intensity, and spectral differences exist between focused and non-focused syllables. However,
FO differences are substantial. In addition, their production and perception experiments show post-
focus compression (PFC), since pitch excursions in the post-focal speech are extensively reduced
compared to other positions in the sentence. In a production experiment on corrective focus in
Persian declarative sentences, Taheri-Ardali & Xu (2012) report that corrective focus considerably
changes the pre-, on-, and post-focus regions of the utterance. This change is so intense that the
domain of a single focus is considered to encompass three temporal zones, with distinct pitch range,
duration, and intensity adjustments for pre-, on-, and post-focus components. In particular, for the
on-focus components, they observe that the focused words (corrective focus) have a higher pitch
and longer duration than those in the neutral focus (broad focus) condition. There is no significant
change in intensity in this region. Pre-focus elements, however, are realized with weaker intensity
than non-focused counterparts. The effect of focus structure on the mean FO and duration of the pre-
focus part is insignificant, but the maximum FO is higher in this region. In the post-focus region,
maximum FO, mean F0, and mean intensity of post-focus words are significantly decreased com-
pared to the corresponding neutral focus ones, whereas no difference in duration is found. Hosseini
(2013) argues in a cross-linguistic comparison of corrective focus marking in Japanese and Persian
that although lengthening occurs in some focused accentual phrases, it is rather an idiolectal phe-
nomenon and cannot be regarded as a consistent mechanism in Persian. In other words, the
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prolongation of correctively focused words is used only by some speakers, but not all. He further
states that a possible reason why previous studies consider an increase in duration in focused words
is that they look at the mean values of duration, neglecting the significant individual differences
between speakers. His results suggest that pitch expansion and post-focal reduction are the main
mechanisms concerning focus marking in Persian while intensity and vowel quality are irrelevant.

Despite the differences in approach, data design, and study objectives in existing phonetic stud-
ies, a common finding has emerged that is particularly noteworthy. Persian is characterized as a
language with PFC, where post-focal constituents exhibit a significantly reduced FO range—a
phenomenon widely documented in the literature (e.g., Mahjani, 2003; Rahmani et al., 2018;
Sadat-Tehrani, 2007; Taheri-Ardali & Xu, 2012; among others). Rahmani et al. (2018), with the
most recent study on Persian focus, report that word prominence is effectively removed after focus,
to the extent that minimal pair members become homophonous. The authors further assert that
while post-focus de-accentuation is governed by the grammar of focus, the typical FO-raising
reported in some studies (e.g., Sadat-Tehrani, 2007; Scarborough, 2007; Taheri-Ardali & Xu, 2012;
among others) is not inherently part of the focus grammar, and they attribute this to the systematic
phonetic variation in the realization of focus. Rahmani et al. (2018) conclude that there is no pho-
nological distinction between the accent for focus and the neutral accent, suggesting that FO-raising
for focus is attributable to paralinguistic strategies employed by speakers. To support this, they
refer to their data, which do not consistently show that the accent for focus is higher than the neu-
tral accent, indicating that FO-raising is not a consistent mechanism for marking focus in Persian.
In addition, drawing on perceptual data from the study by Taheri-Ardali et al. (2014), it has been
suggested that PFC plays a crucial role in marking the position of the focused item. Moreover,
Rahmani et al. (2018) mention Karimi’s (2005: p. 132) syntactic approach to Persian focus, which
claims that contrastive (corrective) focus and narrow focus exhibit different prosodic realizations,
although the exact differences are not clearly defined. The authors note the absence of any experi-
mental study systematically comparing the intonational effects of narrow focus and contrastive
(corrective) focus in Persian. However, impressionistically, they claim that the existing data do not
indicate any obvious differences between these focus types in terms of intonation.

Overall, the present paper aims to expand the phonetic analysis of Persian focus marking by
systematically comparing the prosodic realizations of broad, narrow, and corrective focus on a more
fine-grained scale in Persian. Furthermore, in light of the discussion outlined earlier, if we attribute
the FO changes in focused constituents to paralinguistic factors, it remains crucial to examine the
role of phonetic parameters from further dimensions of speech production, that is, duration and
intensity. In a broader context, and considering the ongoing debate in the literature regarding the role
of duration in Persian prosody, we will address these issues in the discussion of this article.

The present study has an exploratory character and provides experimental evidence to answer
the following questions:

1. Do Persian speakers differentiate between broad focus, non-corrective narrow focus, and
corrective focus?

2. Which parameters are affected? Parameters that relate to FO, duration, and/or intensity?

3. Which parts of the sentence are affected, and to what extent? Are effects of focus structure
found in pre- and post-focal regions?

4. Which parts of the focused target word are affected? Only the syllable that is expected to
carry the pitch accent or also the preceding syllable?
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Table 1. The Carrier Sentences of the Experiment.

[Y] tupp=o be [target word] mi-de

[Y] ball=om to [target word] ipfv-give.npst.3sg
‘Y gives the ball to [target word].’

. suw [target word] wss [Y]

[Y] tupp=o be [target word] pas_mi-de
[Y] ball=om to [target word] pass_ipfv-give.
npst.3sg

‘Y passes the ball to [target word].’
. o by [target word] wgs [Y]

3 Method

This section outlines the methodological framework employed in this study. It details participant
selection, the design of the speech material, experimental procedures, the recording setup, annota-
tions, and data analysis techniques.

3.1 Participants

For the experiment, 12 native Persian speakers (7 female and 5 male) were recruited from the
Iranian community living in Cologne, Germany. At the time of recording, the speakers were aged
between 25 and 43 years (M: 34.58; SD: 4.85). They acquired Persian as their mother tongue in Iran
and learned English and/or other languages later in life. At the time of the recording, the speakers
had mostly moved to Germany in recent months or years—eight of them had been in Germany
for a maximum of 3 years, while four had been there for more than 3 years (M: 3.8 years). They
used Persian at home in Germany as their primary language of communication and in their com-
munications with their families back at home in Iran. Prior to their participation in the experiment,
informed consent was received from all participants, and they were compensated for their involve-
ment in the study. In addition, their linguistic profile was collected using a questionnaire primarily
derived from the introductory sections of the A#las of the Languages of Iran (ALI) questionnaire
(Anonby, Taheri-Ardali et al., 2015-2025). None of the participants reported any speech or hearing
impairments.

3.2 Speech material

We composed a corpus of Persian question-answer pairs to provide a natural context to trigger the
intended focus types. In this corpus, we constructed two sentences differing in the final verb, which
were produced by the participants as answers to preceding questions, that is, as target utterances
of the study (cf. Table 1).

Eight Persian-sounding pseudo-names were created as target words to be incorporated in the
aforementioned carrier sentences. They were Lus (/dima/), L (/zima/), L, (/ribd/), w5 (/3iba/)
and .5 (/zami/), .15 (/3ami/), s (/dabi/), and _.i; (/zabi/). We expect the penultimate syllable
to be the stressed/accented syllable. These eight target words and the first syllable of the verbs were
designed to be /i-a-i/ and /a-i-a/ vowel sequences. This was achieved by always having the target
words /dima, zima, riba, 3iba/ be followed by the verb o (/mide/) and /zami, 3ami, dabi,
zabi/ by the verb ouw b (/pas mide/) (cf. Table 1). Since the study was also intended to measure
articulatory movements using 3D electromagnetic articulography, these pseudo-names with the
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Table 2. An Example From the Question-Answer Pairs to Elicit the Focus Structures.

Focus structure Example trigger and target sentence Persian orthography

Background Q: Maryam tuppo be Dima mide? Souse Lapd 4 5385 gaye sl
‘Does Maryam give the ball to Dima?
A: [Shirin], tuppo be Dima mide.
‘[Shirin], gives the ball to Dima.’

Broad focus Q: Dare chi mishe? Sdine Lz ol tdlsw
‘What is happening?’ Lo Lo @ 255 00 pes] Tgals
A: [Shirin tuppo be Dima mide]y.
‘[Shirin gives the ball to Dima].’

Narrow focus Q: Shirin tuppo be ki mide? Sodss S 4 5395 Oy Sy
‘Who does Shirin give the ball to? cone L] 4 58 oot Tty
A: Shirin tuppo be [Dima], mide.
‘Shirin gives the ball to [Dima]..’

Corrective focus Q: Shirin tuppo be Maryam mide? $ods 250 4 9358 Soyed Slgw
‘Does Shirin give the ball to Maryam?’ e [los] & 595 0uet ey
A: Shirin tuppo be [Dima], mide.
‘Shirin gives the ball to [Dima].’

cods Lo @ 95 [onpea] teals

The target word in these examples is “Dima.”

specific constant structure were chosen as target words. We filled the Y space in the carrier sen-
tence with the common Persian female names ¢, . (Maryam), o4 (Shabnam), uss. (Mahgol), and
~u5 (Gandom).

The target sentence was produced by the participant as an answer to a question. Four types of
questions elicited four types of focus structures of the target utterance. Table 2 shows an exam-
ple of this question-answer paradigm. For the question eliciting the target word to be in correc-
tive focus, competing names were used, which were ;,.$5 (Negin) and ., (Shirin) for the /i-a-i/
sequence and ,ip (Bahar) and 1,5 (Puran) for the /a-i-a/ sequence.

We recorded 1,152 sound files: 12 speakers X 8 target sequences X 4 focus conditions X 3
repetitions. Thus, each speaker produced 24 sentences in each focus condition. We had to exclude
two utterances from the corpus as a result of minor disfluencies. The total number of productions
analyzed in this study is thus 1,150.

3.3 Procedures

The question-answer task was designed as a game where participants interacted with a virtual ava-
tar. The speaker adhered to the instructions on a screen that was positioned at a distance of around
3 meters to them. In the game scenario, they were told that they were a soccer fan going to the
stadium to watch a match of their favorite team with their friend Marie, who was the virtual avatar.
Marie unfortunately forgot her glasses and could not follow the game. The speaker had to respond
to her questions and explain the events on the screen.

In the beginning, the target words were introduced to the participants as the names of the female
soccer players on the pitch. After a training phase, the experiment began. All speakers reported that
they quickly became familiar with the procedure and found the experiment to be straightforward.
After seeing an animation of the soccer scene, participants read and heard the question, which had
been pre-recorded by a female Persian speaker. After that, participants produced the target utter-
ance as written on the screen as an answer to the question. Figure 1 shows a screenshot of one
example trial.
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0310 Loyd 4 9y97 pu o

Figure |. A screen from the soccer game scenario during a trial with a corrective focus condition
(Question in bubble: “Does Maryam give the ball to Negin?” Target sentence below soccer pitch: “Maryam
gives the ball to Dima”).

Source. Image: CC-BY 4.0.

Using HTML/CSS and JavaScript, the experiment was constructed as an interactive website
with jQuery to animate the movements in the soccer game. The experimenter used a keyboard to
control the flow of the experiment. If the participant produced speech disfluencies, the trial was
repeated. To obtain natural, unbiased data, the experimenters provided no further explanations
except a brief introduction into how the experiment should run. Each participant was assigned a
unique randomized list of trials. The randomization was designed so that the same target word
could not appear in subsequent trials. In addition, more than two subsequent trials with the same
focus condition were not possible. And, 12 filler sentences were added to each recording session to
prevent predictability.

3.4 Recording

The recordings were carried out at the IfL—Phonetics Department of the University of Cologne.
Acoustic recordings were conducted with an AKG C520 headset microphone connected to a com-
puter via a PreSonus AudioBox 22 VSL interface at a sampling rate of 44.1 kHz (mono channel,
16-bit). The headset microphone was placed at a constant distance of 7 cm from the speaker’s
mouth. Since the study additionally aimed to measure supralaryngeal movements, we tracked the
movements of the articulators with 3D electromagnetic articulography (Carstens AG501), syn-
chronized with the acoustic recordings. The present paper does not include results on supralaryn-
geal articulation and focuses on acoustic modulations related to syllable duration, FO, and intensity.

3.5 Annotations and measurements

The following four time intervals were manually annotated in Praat (Boersma & Weenink, 2001)
by a native speaker of Persian:

1. First syllable of the target word
2. Second syllable of the target word
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3. Pre-target region: from the start of the utterance to the start of the target word
4. Post-target region: from the end of the target word to the end of the utterance

FO was extracted on a time-normalized scale, with 50 points per interval. The FO extraction was
done with Praat (Boersma & Weenink, 2001) through the Python interface Parselmouth (Jadoul
et al., 2018). The Pitch object was created with default parameters except for the floor (50 Hz) and
ceiling (500Hz), and FO was smoothed with a Gaussian filter (Praat’s “Smooth” function with a
bandwidth of 10 Hz). FO was then normalized for each speaker: Each FO measurement point was
expressed in semitones relative to the average FO of the speaker that produced the data point, that

18, 1% log, Fo . Intensity was calculated using Praat Intensity objects created with
Averagespeake,.

default parameters except for the minimum pitch (50 Hz). The mean values were then extracted by

calling Praat’s “Get mean” function on each Intensity object. In the four intervals (first and second

syllables of the target word, pre- and post-target region), the following six phonetic parameters

were extracted for the analysis:

FO mean over the duration of the interval (semitones with reference to speaker average)
FO minimum in the interval (semitones with reference to speaker average)

FO maximum in the interval (semitones with reference to speaker average)

FO span as the difference between the maximum and the minimum (semitones)
Duration (milliseconds)

Intensity (decibels)!

For the visualization of FO average contours, the time-normalized FO contours were averaged at
each time point. The average was calculated only for those time points where at least 20 FO meas-
ures were available (otherwise, the point is NA in the average contour vector). A rolling mean with
a window of 5 points was applied to the average contours.

3.6 Statistical analysis

The data were modeled statistically using Bayesian linear mixed models for each phonetic param-
eter with brms (Biirkner, 2018), an interface to Bayesian inference in Stan (Carpenter et al., 2017).
A model was fit for each of the four intervals and each of the six phonetic parameters. All models
contained focus condition as a fixed effect. Random intercepts were included for speakers and
target words. In addition, the models included by-speaker random slopes for the effect of focus
condition. All models ran with four chains with 4,000 iterations. Weakly informative priors for
regression coefficients with a mean of zero and a standard deviation of 10 were used. All other pri-
ors were the default priors of brms. Convergence of the models was checked by ensuring no model
yielded R-hat values larger than 1. The R-hat statistic considers the variance of the samples of each
sampling chain to that from all samples across all chains. Its value indicates whether the different
chains reached a similar outcome (Franke & Roettger, 2019).

3.7 Ethics statement

Thisstudy was approved by the ethics committee of the Deutsche Gesellschaft fiir Sprachwissenschaft
(2020-04-200327). Each participant gave written informed consent before participating. The
research was conducted in accordance with the Declaration of Helsinki.
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Figure 2. Average FO contours over the complete sentence for all four focus conditions.

4 Results

We begin the presentation of the results by looking at the average FO contours for all four focus
conditions over the entire sentence. This step is mainly a visualization of the data, which provides
a first overview of the intonational characteristics of the pre-target, target, and post-target regions
of the utterance. To get a deeper understanding of the modulations across the three focus types—
broad, narrow, and corrective focus—we then present results for the statistical modeling of the six
parameters: FO mean, FO span, FO minimum, FO maximum, duration, and mean intensity. In doing
so, we take both a local and a global perspective: Initially, we consider the two syllables of the tar-
get word (the local perspective). Subsequently, we expand our analysis to include an examination
of the pre-target and post-target regions (the global perspective).

4.1 Visualization of average FO contours

Figure 2 shows the average FO contours for all four focus conditions during the entire utterance.
The sentence is divided into three parts: (1) the region from the start of the sentence to the start of
the target word; (2) the target word; (3) the region from the end of the target word to the end of the
sentence. The first part is referred to as the “pre-target region” (abbreviated as “PRE” in the figure),
and the third part is termed the “post-target region” (abbreviated as “POST” in the figure). The two
syllables of the target word are not distinguished here. Note that the terms pre-target, target, and
post-target shall not be confused with the terms pre-focal, focal, and post-focal. This distinction
will become important later on.

The average contours are extracted on a normalized timescale with 50 time steps in each region.
In the figure, this timescale is warped for each region to reflect the proportions of the three regions.
The gray vertical lines visualize the time steps. The black dashed vertical lines show the boundaries
of the three regions.

The pre-target region is pre-focal in narrow and corrective focus, while it is part of the focus in
the broad focus condition, where the entire utterance is in focus. In the background condition, the
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Figure 3. Average FO contours over the target word.
Note. The x-axis represents normalized time.

pre-target region contains the element in focus (which is a female name that is different from the
target word) and a part of the post-focal region. The post-target region is post-focal in all focus
conditions, except for broad focus. The target region is focal in broad, narrow, and corrective focus.
In the background condition, it is post-focal. See Table 2 again for clarification.

It is apparent in Figure 2 that the background condition has a very different average FO contour
from the other three conditions. This result is not surprising since the location of the focus is early
in the sentence (on the first word). Consequently, we get an early FO peak followed by a relatively
flat FO. The other three conditions, where the target region is focal, are more similar to each other.
Nevertheless, this first look at the data already reveals some differences: Broad focus seems to
have a higher FO peak in the pre-target region than narrow and corrective focus. In the target word,
its course is first above the other two and then below them. We now zoom in on the target word to
get a clearer picture of the differences in this region.

Figure 3 shows the average FO contours during the target word. The word is divided into the first
and second syllables. Again, the extraction of the FO measurement points works on a time-normal-
ized scale, and the time steps are warped in this display to reflect the proportions of the syllables.
Here, the differences between broad, narrow, and corrective focus, albeit being quite subtle,
become more apparent. In the first syllable of the word, FO appears to be overall higher in broad
focus than in narrow focus, and higher in narrow focus than in corrective focus. In the second syl-
lable, the picture is reversed: FO reaches the highest peak in corrective focus, followed by narrow
focus, followed by broad focus. Interestingly, at the beginning of the second syllable, we addition-
ally find the lower minimum for corrective focus, followed by narrow focus, and then by broad
focus. This means that not only is the peak higher but also the preceding dip is lower, leading to the
whole FO excursion in the second syllable to be enlarged.

It should be noted that there is considerable tonal movement in the first syllable of the target
word in the case of broad, narrow, and corrective focus. Since we do not expect an H component
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Table 3. Descriptive Means and Standard Deviations for All Phonetic Parameters in the First Syllable of
the Target Word.

FO mean FO span FO minimum FO maximum  Duration Intensity
(st) (st) (st) (st) (ms) (dB)
Focus Mean  SD Mean SD Mean SD Mean SD Mean  SD Mean SD
Broad -0.84 1.10 267 202 -206 1.78 0.61 1.32 198.89 31.17 7094 4.68
Narrow -091 085 271 146 -211 124 060 127 211.30 2991 7058 4.68
Corrective —1.00 084 283 154 -221 130 062 136 22462 31.75 7029 4.67

of the pitch accent on this syllable, it is plausible to assume the FO movement here may be influ-
enced substantially by microprosodic effects induced by the onset consonants. However, since the
segmental makeup of the target words remains constant across focus conditions (and hence also the
influence of microprosody on the FO contour), we can observe that there is a level difference
between the focus types in the first syllable, with broad focus having the highest and corrective
focus having the lowest FO level, and narrow focus lying in between.

The background condition shows a very different FO course both in the global picture (whole
sentence, cf. Figure 2) as well as in the local picture (target word, cf. Figure 3). As mentioned ear-
lier, this is because the focus structure of the background condition is very different: Here, there is
an early focus on the first word of the utterance, and the target word occurs in the post-focal region.
The comparison between the other three focus conditions is theoretically more interesting, since
these are the conditions in which the target word is focused. Hence, in the following statistical
analyses of FO, duration, and intensity parameters, we concentrate on broad, narrow, and corrective
focus.

4.2 First syllable of target word

Table 3 presents the descriptive statistics (means and standard deviations) for all six phonetic
parameters in the first syllable of the target word. The results of the Bayesian regression analysis
are presented in Figure 4 and Table 4: The figure shows the expected means for the three focus
conditions with 90% credible intervals (CIs) given the data and the regression model. The table
lists the estimated differences (or contrasts) between focus conditions. If, for instance, the differ-
ence “narrow — broad” is positive, we can conclude that narrow focus has a greater mean value
for a given phonetic measurement than broad focus. If the difference is negative, we can conclude
that narrow has a smaller value than broad focus. The columns Q5 and Q95 indicate the limits of
the 90% CI. This interval indicates how strong the evidence for the estimated difference is. We
consider evidence for an effect compelling if the CI does not include zero.

We can observe that this is the case for all differences regarding duration. Narrow focus is char-
acterized by a longer duration of the first syllable of the target word compared to broad focus.
Corrective focus shows an even longer duration (broad <narrow < corrective). In the case of
intensity, there is strong evidence for differences between broad and narrow focus, as well as
between broad and corrective focus (broad > narrow, and broad > corrective). Interestingly, the
pattern is reversed for intensity compared to duration: Broad focus has higher intensities than nar-
row and corrective focus. There does not appear to be compelling evidence for a difference between
narrow and corrective focus in intensity.
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Figure 4. Expected means with 90% credible intervals given the data and the Bayesian regression model
for the first syllable in the target word.

4.3 Second syllable of target word

For the second syllable of the target word, the descriptive statistics (means and standard devia-
tions) for all six phonetic parameters are presented in Table 5. The results of the Bayesian regres-
sion analysis are presented in Figure 5 (expected means with 90% ClIs) and Table 6 (estimated
differences). We find compelling evidence for differences in the FO span between broad and nar-
row focus as well as between broad and corrective focus: Narrow and corrective focus exhibit
larger FO spans than broad focus (broad < narrow, and broad < corrective). Looking at the FO
minimum and maximum results, it becomes evident that these changes in span are caused by both
a lowering of the FO minimum and a raising of the FO maximum.

As in the first syllable, focus type also affects duration in the second syllable. We find compel-
ling evidence for differences in all comparisons (the 90% CIs for all differences do not include
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Table 4. Estimated Parameters From the Bayesian Regression Model for the First Syllable of the Target
Word.

FO mean (st)

Difference Estimate SD Q5 Q95
Narrow — broad -0.07 0.09 -0.22 0.07
Corrective — broad -0.17 0.12 -0.37 0.04
Corrective — narrow -0.09 0.11 -0.27 0.09

FO span (st)

Difference Estimate SD Q5 Q95
Narrow — broad 0.04 0.15 -0.21 0.29
Corrective — broad 0.16 0.17 -0.12 0.43
Corrective — narrow 0.11 0.16 -0.14 0.37
FOmin (st)
Difference Estimate SD Q5 Q95
Narrow — broad -0.05 0.13 -0.27 0.16
Corrective — broad -0.15 0.14 -0.38 0.09
Corrective — narrow -0.10 0.14 -0.33 0.13
FO max (st)
Difference Estimate SD Q5 Q95
Narrow — broad 0.00 0.13 -0.21 0.20
Corrective — broad 0.0l 0.18 -0.29 0.30
Corrective — narrow 0.01 0.15 -0.23 0.25

Duration (ms)

Difference Estimate SD Q5 Q95

Narrow — broad 9.85 3.26 4.25 14.84
Corrective — broad 2091 4.45 13.17 27.70
Corrective — narrow 11.05 4.14 4.04 17.40

Intensity (dB)

Difference Estimate SD Q5 Q95

Narrow — broad -0.39 0.21 -0.74 -0.05
Corrective — broad -0.65 0.22 -1.00 -0.30
Corrective — narrow -0.26 0.25 -0.66 0.15

zero) with shortest durations in broad focus and longest durations in corrective focus while narrow
focus ranges found in between the two (broad <narrow < corrective). One should note that the
effect sizes for duration are smaller in the second syllable than in the first syllable.
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Table 5. Descriptive Means and Standard Deviations for All Phonetic Parameters in the Second Syllable
of the Target Word.

FO mean FO span FO minimum ~ FO maximum  Duration Intensity
(st) (st) (st) (st) (ms) (dB)
Focus Mean SD Mean SD Mean SD  Mean SD Mean SD  Mean SD
Broad -033 113 268 144 -195 128 074 139 15428 31.95 72.20 4.00
Narrow -029 .21 3.08 157 -2.18 .57 090 147 159.26 31.38 72.17 3.80

Corrective —-020 1.06 334 153 -222 137 112 132 163.49 3191 72.18 3.86
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Figure 5. Expected means with 90% credible intervals given the data and the Bayesian regression model
for the second syllable in the target word.
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Table 6. Estimated Parameters From the Bayesian Regression Model for the Second Syllable of the
Target Word.

FO mean (st)

Difference Estimate SD Q5 Q95
Narrow — broad 0.04 0.08 -0.09 0.17
Corrective — broad 0.14 0.13 -0.07 0.35
Corrective — narrow 0.10 0.12 =0.11 0.30

FO span (st)

Difference Estimate SD Q5 Q95
Narrow — broad 0.40 0.11 0.23 0.57
Corrective — broad 0.65 0.18 0.36 0.94
Corrective — narrow 0.25 0.18 -0.04 0.54
FOmin (st)
Difference Estimate SD Q5 Q95
Narrow — broad -0.23 0.12 -0.42 -0.03
Corrective — broad -0.27 0.15 -0.51 -0.02
Corrective — narrow -0.04 0.14 -0.27 0.20
FO max (st)
Difference Estimate SD Q5 Q95
Narrow — broad 0.17 0.09 0.02 0.32
Corrective — broad 0.38 0.18 0.09 0.67
Corrective — narrow 0.21 0.17 -0.07 0.48

Duration (ms)

Difference Estimate SD Q5 Q95

Narrow — broad 4.48 1.64 1.79 7.09
Corrective — broad 8.84 1.76 5.89 I1.65
Corrective — narrow 435 1.67 1.64 7.05

Intensity (dB)

Difference Estimate SD Q5 Q95
Narrow — broad -0.07 0.16 -0.34 0.20
Corrective — broad -0.03 0.16 -0.29 0.24

Corrective — narrow 0.04 0.18 -0.26 0.34
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Table 7. Descriptive Means and Standard Deviations for All Phonetic Parameters in the Pre-Target
Region.

FO mean FO span FO minimum FO maximum  Duration Intensity
(st) (st) (st) (st) (ms) (dB)
Focus Mean SD  Mean SD Mean SD Mean SD Mean  SD Mean SD

Broad 204 .13 794 413 -l161 266 633 338 94136 8962 68.05 3.88
Narrow 1.77 1,13 799 440 -226 372 574 265 90403 9278 67.62 3.85
corrective 1.74 093 8.09 407 -209 271 600 3.08 91105 8634 6731 338l

4.4 Pre-target region

Table 7 presents the descriptive statistics (means and standard deviations) for all six phonetic
parameters in the pre-target region, that is, the interval from the start of the utterance until the
start of the target word. The results of the Bayesian regression analysis are presented in Figure 6
(expected means with 90% Cls) and Table 8 (estimated differences). We find evidence for differ-
ences between broad and narrow focus, as well as between broad and corrective focus in terms of
FO mean, FO minimum, and intensity. In all cases, narrow and corrective focus exhibit lower values
than broad focus (broad > narrow, and broad > corrective). In addition, FO maxima are lower, and
durations are shorter in narrow focus than in broad focus (broad > narrow).

Note that in broad focus, the pre-target domain is part of the focus, while it is pre-focal in both
narrow and corrective focus. The parameter modulations found here may thus be attributable to a
distinction between focal and pre-focal. This distinction is characterized by a decrease in intensity
and a general lowering of FO mean and FO minimum (note that both FO minimum and duration are
lowered at least in narrow compared to broad focus).

4.5 Post-target region

Table 9 presents the descriptive statistics (means and standard deviations) of the post-target region
for all six phonetic parameters, which is the interval from the end of the target word to the end of
the utterance. The results of the Bayesian regression analysis are presented in Figure 7 (expected
means with 90% Cls) and Table 10 (estimated differences). In this region, we find compelling
evidence for modulations of the parameters FO mean and intensity. FO means are lower in correc-
tive than in broad and narrow focus (broad > corrective, and narrow > corrective). Intensities are
lower in narrow and corrective focus than in broad focus (broad > narrow, broad > corrective).

5 Discussion and conclusion

We have presented data on the prosodic marking of focus in Persian with respect to expressions
of broad, narrow, and corrective focus in a multidimensional phonetic analysis. To summarize the
main results: In the first syllable of the target word, we find compelling evidence for effects of
focus type on duration and intensity. Durations are longer in narrow than in broad focus, and longer
in corrective than in narrow focus. While duration exhibits a three-step pattern between all three
focus types, intensity only shows differences between broad focus and the other two types, with
broad focus having higher intensities than narrow and corrective focus.

In the second syllable of the target word, we find compelling evidence for effects of focus type
on duration and FO. Durations are longer in narrow than in broad focus, and longer in corrective
than in narrow focus. FO span only shows differences between broad focus and the other two types,
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Figure 6. Expected means with 90% credible intervals given the data and the Bayesian regression model
for the pre-target region.

with narrow and corrective focus having a larger FO span than broad focus. This difference in span
is caused by a simultaneous lowering of the FO minimum and raising of the FO maximum.

In the pre-target region, we find a lower FO mean and FO minimum, as well as a lower intensity
in narrow and corrective focus than broad focus. FO maximum and duration are only affected when
comparing broad and narrow focus, with shorter durations and a lower FO maximum in narrow
focus. In the post-target region, we find compelling evidence for effects of focus type on FO mean
and intensity. We report lower FO means in corrective focus than in broad and narrow focus. In
addition, the results show lower intensities in narrow and corrective focus than in broad focus. All
results are summarized in Table 11.

Taking the local linguistic perspective, that is, zooming in on the target word, we find focus
types affecting the second syllable of the target word in terms of FO0, intensity, and duration. This
is also the locus where we expect these modulations the most, since the second syllable is predicted
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Table 8. Estimated Parameters From the Bayesian Regression Model for the Pre-Target Region.

FO mean (st)

Difference Estimate SD Q5 Q95

Narrow — broad -0.28 0.08 -0.41 -0.15
Corrective — broad -0.30 0.14 -0.52 -0.08
Corrective — narrow -0.02 0.14 -0.24 0.21

FO span (st)

Difference Estimate SD Q5 Q95
Narrow — broad 0.06 0.38 -0.56 0.67
Corrective — broad 0.15 0.34 -0.42 0.73
Corrective — narrow 0.09 0.40 -0.56 0.74
FOmin (st)
Difference Estimate SD Q5 Q95
Narrow — broad -0.66 0.27 =1.10 -0.22
Corrective — broad -0.48 0.26 -0.91 -0.05
Corrective — narrow 0.18 0.29 -0.30 0.64
FO max (st)
Difference Estimate SD Q5 Q95
Narrow — broad -0.60 0.26 -1.02 -0.18
Corrective — broad -0.33 0.26 -0.77 0.10
Corrective — narrow 0.28 0.28 -0.18 0.73

Duration (ms)

Difference Estimate SD Q5 Q95

Narrow — broad -24.32 6.31 -33.99 -13.17
Corrective — broad -12.94 7.99 -25.01 0.81
Corrective — narrow 11.38 7.68 -0.60 24.17

Intensity (dB)

Difference Estimate SD Q5 Q95
Narrow — broad -0.46 0.16 -0.73 -0.20
Corrective — broad -0.74 0.16 -1.00 -0.48

Corrective — narrow -0.27 0.18 -0.57 0.01
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Table 9. Descriptive Means and Standard Deviations for All Phonetic Parameters in the Post-Target
Region.

FO mean FO span FO minimum  FO maximum Duration Intensity
(st) (st) (st) (st) (ms) (dB)
Focus Mean SD Mean SD Mean SD  Mean SD Mean  SD Mean SD
Broad =350 219 984 699 -860 6.03 124 332 51583 161.01 64.15 4.5I
Narrow -353 236 984 643 -849 583 135 356 51376 155.04 63.64 44

Corrective —-3.83 241 104 686 -884 6.06 156 377 517.12 15442 63.34 4.6l
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Figure 7. Expected means with 90% credible intervals given the data and the Bayesian regression model
for the post-target region.
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Table 10. Estimated Parameters From the Bayesian Regression Model for the Post-Target Region.

FO mean (st)

Difference Estimate SD Q5 Q95
Narrow — broad -0.02 0.16 -0.29 0.25
Corrective — broad -0.33 0.17 -0.59 -0.06
Corrective — narrow -0.31 0.18 -0.61 -0.02
FO span (st)
Difference Estimate SD Q5 Q95
Narrow — broad 0.01 0.51 -0.83 0.84
Corrective — broad 0.54 0.49 -0.25 1.34
Corrective — narrow 0.53 0.52 -0.33 1.39
FOmin (st)
Difference Estimate SD Q5 Q95
Narrow — broad 0.11 0.42 -0.56 0.80
Corrective — broad -0.23 0.40 -0.89 0.42
Corrective — narrow -0.34 0.43 -1.05 0.36
FO max (st)
Difference Estimate SD Q5 Q95
Narrow — broad 0.13 0.30 -0.36 0.62
Corrective — broad 0.32 0.32 -0.19 0.83
Corrective — narrow 0.19 0.33 -0.34 0.72
Duration (ms)
Difference Estimate SD Q5 Q95
Narrow — broad -0.71 424 —-7.68 6.34
Corrective — broad 1.19 3.85 =5.19 7.55
Corrective — narrow 1.90 4.01 -4.67 8.30
Intensity (dB)
Difference Estimate SD Q5 Q95
Narrow — broad -0.54 0.18 -0.84 -0.23
Corrective — broad -0.82 0.19 =1.13 -0.51
Corrective — narrow -0.28 0.2 -0.6 0.05

phonologically to bear the pitch accent. However, there are also effects on the first syllable of the
target word, but they are restricted to the non-tonal domain, that is, duration and intensity.
Interestingly, the effect of focus types on duration is even stronger in the first syllable than in the
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Table 1l. Summary of Findings.

FO mean FO span FOmin FO max Duration Intensity
Syllable | of br<na<co br>na
target word br>co
Syllable 2 of br<na br>na br<na br<na<co
target word br<co br>co br<co
Pre-target br>na br>na br > na br > na br > na
br>co br>co br>co
Post-target br>co br>na
na>co br>co

Note. br=broad focus, na=narrow focus, co = corrective focus.

second syllable. In addition, we only find robust evidence for intensity modulations in the first syl-
lable (not in the second syllable). It is worth noting that the duration is increased from broad to
narrow to corrective focus, whereas the intensity is decreased from broad to narrow focus and from
broad to corrective focus. The prosodic weakening of elements not only in the first syllable of the
target word but also in pre-target and post-target elements may serve to enhance the salience of the
second syllable of the target word. Importantly, it was already indicated that PFC is crucial in
marking the position of the focused item.

While duration appears to play a systematic role in differentiating between the three focus con-
ditions under investigation, it is worthwhile to take a look at how durational modulations of the
textual string interact with FO cues of the tonal domain. Hosseini (2014) asserts that duration alone
cannot signal the difference between pre-nuclear and nuclear accents. In other words, when com-
bined with FO modulations, durational adjustments support the distinction between the two accents
more effectively and efficiently (Hosseini, 2014, p. 178). Thus, the role of duration has been
regarded as secondary, with primary emphasis placed on FO modulations. Our findings from the
present production experiment, however, reveal different results, highlighting duration as an
important phonetic cue in post-lexical prosody. This is highly relevant because, although FO
changes are limited to the differentiation of broad focus from narrow and corrective focus in the
second syllable only, duration varies significantly in a three-step differentiation from broad to nar-
row to corrective focus.

Taking the global linguistic perspective, that is, looking at the entire utterance, we find that
focus structure affects more material of the utterance than the target word. Especially the pre-target
region is realized differently when it is part of the focus (in the broad focus condition) compared to
when it is pre-focal (in the narrow and corrective focus conditions). This finding is in line with a
growing body of evidence for the effect of focus on the pre-nuclear domain in various languages
(e.g., Alzamil & Hellmuth, 2021; Andreeva et al., 2017; Baumann et al., 2006; Féry & Kiigler,
2008; Kiigler, 2008; Roessig, 2023; Royer & Jun, 2019). It is noteworthy that when looking at the
parameter FO mean, we find that broad focus is different from both narrow and corrective focus in
the pre-target region, but corrective focus is distinct from both broad and narrow in the post-target
region.

We now turn to the research questions formulated at the beginning of the paper. All in all, we
mostly find a distinction between broad focus on the one hand and narrow and corrective focus on
the other hand. Only duration is an exception here: In both the first and second syllables of the
target word, duration shows a three-step differentiation between all three focus types. For many
other parameters, there seems to be a trend for a three-step differentiation, but the evidence for
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differences between narrow and corrective focus is not strong enough in the regression models in
the way defined in the methodology (90% CI must not include zero). Our answer to question (1)
on differentiating broad focus, non-corrective narrow focus, and corrective focus is as follows: It
depends on the phonetic parameter considered. In general, we see that speakers do make a differ-
ence between non-corrective narrow and corrective focus, but this distinction is less clear and
affects fewer phonetic parameters than the one between broad focus and the other two types.

Research question (2) targeted the different prosodic parameters involved in the distinction of
focus types. We find that duration plays a major role but that FO-related parameters and intensity
are also involved in the differentiation. As mentioned earlier, FO span emerged as a crucial factor
in distinguishing broad and narrow focus on one hand and broad and corrective focus on the other
hand in the second syllable of the target word. It is also worth noting that this result shows that FO
is a complex phonetic measurement. Just considering the mean may obscure important differences:
A simultaneous, symmetric lowering of the FO valley and raising of the FO peak of a rising move-
ment leaves the mean unaltered (while span may reveal this vital difference).

To come back to our research question (3), we can confirm previous studies showing that focus
structure affects the sentence globally. In the stretch before the target word (i.e., the pre-target
region), we find a differentiation of focal (in broad focus) versus pre-focal (in narrow/corrective
focus) condition. We also find post-focal effects (in the post-target region), but these seem to come
out most strongly when comparing broad and corrective focus.

Our research question (4) took a closer look at the two syllables of the target word. It is interest-
ing to note that we do not only find a focus-induced modulation of phonetic parameters in the
second syllable of the target word, which is expected to carry the pitch accent, but also in the first
syllable of the target word. The phonetic parameter that plays the main role in this time window of
our analysis appears to be duration. This result is generally in line with previous findings on the
domain of accentual lengthening by, among others, Turk and Sawusch (1997) and Dimitrova and
Turk (2012), who reported that the durational effect of an accent can extend beyond the stressed
syllable in English. However, in those studies, the spillover of an accented syllable to an unac-
cented syllable seems to be in the forward direction in the temporal domain, that is, syllables pro-
duced after the accented syllable are affected. Katsika and Tsai (2019) showed for Greek that the
durational spillover effect may affect adjacent syllables in both directions of the accented syllable,
which is in line with our results. Recent psycholinguistic research shows that the pre-accentual (or
immediately preceding pre-focal) syllable may play a role for focal accents. Clifton et al. (2022)
replicated and extended the study of Cutler (1976) and found that a longer pre-accentual syllable
contributes to the well-studied phoneme detection advantage associated with focal accents (com-
parable to our corrective focus). Lengthening of the pre-accentual syllable may thus be an effective
tool that helps in the marking of focus. Future research on Persian should look at the domain of
prominence-induced lengthening effects more closely.

In conclusion, the present study sheds light on the intricate nature of prosodic prominence in
Persian. On the basis of our speech-production data, we conclude that durational modifications
play an important role in prominence marking, alongside FO and intensity as additional but less
robust cues. For future research, we need to assess perceptual factors, to observe how Persian lis-
teners respond to these three focus types. Are they able to differentiate the three focus conditions
when manipulating the phonetic cues in a systematic way? How might the phonetic realization of
each syntactic structure (the one with the verb “to pass” as a compound verb versus the one with
“to give” as a simple verb) affect the recognition of prosodic focus in the perception experiment?
Given the findings for the pre-target region, what role does this region play in the identification of
focused elements? Therefore, we remain cautious, as the three-step pattern observed in certain
phonetic cues in Persian will be further investigated through a perception experiment.
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From a broader perspective on focus in Persian, there are specific morphosyntactic construc-
tions in which the focused element cannot carry an accent, rendering FO-related cues unreliable. In
such contexts, durational effects may become important (for more information, see Rahmani et al.,
2018). In addition, the interaction between prosodic focus and morphological focus presents
another intriguing area in Persian that currently lacks experimental investigation. It is typically
assumed that if focus is indicated by morphological devices, prosodic focus becomes irrelevant.
However, as claimed by Rahmani et al. (2018), this is not necessarily the case. They argue that
prosodic focus marking remains obligatory, even in the presence of specialized morphological
markers of focus, such as adverbs meaning “only.” Addressing these issues in future research
would be a significant advancement in our understanding of prosodic focus.?

Ultimately, we conclude that our study provides an important contribution to prominence mark-
ing in speech production by including different phonetic parameters, different locations of modula-
tions, and a comprehensive analysis of fine-grained patterns of focus structure encoding.
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