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Abstract

This research offers a first analysis of hesitations in Punjabi,
an under-researched language, in conjunction with a cross-
linguistic comparison. We show speaker related variation in the
frequency of hesitations in Punjabi. Variability was also ob-
served in the form of filled pauses which comprised vowels or
vowel-consonant sequences with nasals or obstruents. The vow-
els in filled pauses differed based on their segmental context and
individual speakers. Automatic clustering showed that (lexical-
ized) filled pauses were grouped by FO register, instead of FO
contour. These results (1) have cross-linguistic significance and
(2) provide insights for modeling hesitations in speech techno-
logical systems.

Index Terms: hesitation, filled pauses, lexicalized filled pauses,
silent pauses, automatic clustering, semi-spontaneous, Punjabi

1. Introduction

In this article, we present a first analysis of hesitations in Pun-
jabi semi-spontaneous narratives. [1] categorised hesitation as
a type of disfluency and defined hesitation as a phenomenon
“that temporally extends the delivery of the intended message
for whatever reason.” (p. 11). Among the hesitation types listed
by [1], we focus on silent pauses (SP), filled pauses (FP), and
lexicalized filled pauses (LFP). Far from being a barrier in com-
munication, [2] argues that speech with hesitations is reflec-
tive of speakers’ thought process during a communicative event.
Their presence has also been associated with speech planning.
[3] claims that speech genres such as narrative speech carry a
large number of hesitations as recalling events from memory in-
volves planning by speakers. Furthermore, hesitations are used
when speakers are searching for a word [4] or aiming to focus
some information [2]. Hesitations are also used by speakers to
structure their discourse into different units [5, 6]. [7] reported
that the presence and position of FPs in Dutch monologues was
associated with major discourse boundaries.

The type and distribution of hesitations has been reported
to be language and speaker specific. For example, the FPs used
by Japanese speakers [8] differ from those used by speakers of
Hungarian [9], English [10], German [11], Urdu/Hindi [12], and
European Portuguese [13]. The position and duration of SPs
has also been shown to be variable [14, 12]. Speaker based
variation in the frequency and selection of hesitation types has
been reported by [15, 16]. The frequency of hesitation clusters
also varies within a language as shown by [17], who reported
variation among individual speakers as well as hesitation types.

Hesitations vary in terms of their position in syntactic and
prosodic units as well as in discourse structure. [18] showed
that in Italian, silent and filled pauses were placed earlier in
tonal units compared with lexicalized filled pauses and length-
enings. Moreover, LFPs were more often produced as tonal
units on their own in comparison with filled and silent pauses.

The occurrence of filled pauses also relates with the size of an
utterance [6]. Accordingly, [19] found that the higher number
of words in an utterance was related to the production of more
hesitations at the beginning of an utterance.

Language specific variation is observed in the form of dif-
ferent hesitation types as well. For example, LFPs, being se-
mantically bleached discourse markers [3], comprise the avail-
able discourse markers in a given language. As for FPs, the
most frequently used filled pauses in English are vowel only
or vowel-nasal sequences [10]. But FPs have been reported
to consist of only a nasal consonant, a cluster of vowel-nasal-
fricative, as well as a sequence of two vowels in Hungarian [9]
and Urdu/Hindi [12]. Recently, [11] showed that FPs in German
may consist of glottal stops as well as bisyllabic forms.

The vowels in FPs are generally transcribed as [a] or /o/
in English. However, the vowels used in FPs may differ in their
quality. [20] showed that the FPs in English cannot be modelled
after the centralized schwa only. [13] found similar results for
European Portuguese and reported that FPs in that language are
produced with either [i:] or [e:]. Similarly, [8] reported that
the vowels in Japanese FPs differed from the vowels in other
lexical items in terms of their duration, formants, intensity, and
voice quality. This argues for a language specific analysis of the
vowel quality of FPs that takes segmental context and speaker
based differences into account.

Despite their being highly frequent and fulfilling a wide set
of functions in discourse, hesitations and related phenomena are
rarely taken into account in synthetic speech or dialogue sys-
tem modeling. This is somewhat surprising given their manifest
benefit for improving task success and the perception of system
reactivity in HCI [21]. However, it is also explicable by the
dilemma faced by human and synthetic speech alike. Despite
its benefits for conversation, listeners tend to perceive hesita-
tions in human and synthetic speech as less fluent [22, 23]. We
argue that a thorough understanding of the form, function, dis-
tribution, and perception of these phenomena across languages
is needed to successfully exploit the conversational benefits of
hesitations in existing speech technology [24, 25] without com-
promising its quality. Likewise, conversational speech technol-
ogy should be able to further inform phonetic models [26].

To this day, most of the existing research on hesitations is
concerned with the European languages, and South Asian lan-
guages have been largely neglected. To our knowledge, [12] is
the only systematic investigation of hesitations in Urdu/Hindi, a
South Asian language, while there is no analysis of hesitations
in Punjabi so far. In the current study, we aim to fill this gap and
analyze the distribution and properties of hesitations in Punjabi
semi-spontaneous narrative speech. Our analysis is concerned
with silent pauses, filled pauses, and lexicalized filled pauses as
we address the following research questions:

1. Are there speaker based differences in the form and
distribution of hesitations in semi-spontaneous narrative
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speech?
2. What is the frequency of different types of hesitations?
3. Do hesitation types differ in terms of their position?

4. If found in semi-spontaneous narratives,

(a) what types of FPs and LFPs are used in Punjabi?
(b) whatis the FO contour of FPs and LFPs in Punjabi?

(c) whatis the quality of vowels in FPs compared with
the quality of vowels in other lexical items?

To investigate these, we used a corpus of semi-spontaneous
Punjabi narrative speech. The details are as follows.

2. Methodology

2.1. Corpus & annotation

We recorded semi-spontaneous narrative speech (42 minutes)
using Zoom'. The narratives were produced by sixteen (nine
male) speakers of Punjabi. The participants were shown a Pun-
jabi animation story on YouTube (The Hungry Rat, 4:28 min-
utes). At the end of the video, they were asked to retell the
story in their own words providing as much detail as they could
remember. The first author was always present in the Zoom
session to give the impression of an audience.

For the analysis, we divided each narrative into Inter-Pausal
Units (IPUs) separated by a silent pause of at least 150ms. Each
IPU was manually annotated for hesitation type, position of hes-
itations (IPU initial, medial, final, across IPU boundaries, FPs
and LFPs produced as IPUs), and the segmental content of filled
pauses (vowel, nasal, obstruent, irregular phonation), as well as
LFPs. Apart from the manual annotation of hesitations’ posi-
tion in IPUs, we also measured their position over the course
of a narrative. As the narratives by different speakers varied in
their duration, we normalized it using the following: (start of
hesitation - start of narrative) / narrative duration

2.2. Acoustic & statistical analysis

The filled pauses consisting of only a vowel were analyzed for
their quality. The first two formants were extracted in the mid-
dle of each vowel with a Praat [27] script. To compare the qual-
ity of vowels in FPs with that of other vowels in Punjabi, we
extracted F1 and F2 for the vowels produced in lexical items by
each speaker in our data (n=6092). The resulting formant val-
ues were Lobanov normalized (grouped by vowels & speakers)
using the ‘PhonR’ package [28] in R.

To analyze the FO contour of LFPs and vowel-only FPs,
each hesitation type was divided into five equidistant points us-
ing [29]’s script. To achieve its dynamic transition, FO (semi-
tones re 1Hz) was measured at each of those time points.

For statistical analysis , we ran Linear Mixed Effects Re-
gression [30] in R [31] to analyze the difference in the log du-
ration” of different FPs. We used filler type as a fixed factor
and participants as random effect. P-values for multiple com-
parisons were adjusted using the Tukey method. A similar anal-
ysis was carried out for the position of hesitations over the time
course of narratives. In the next section, our results are dis-
cussed with reference to existing analyses in other languages.

Uhttps://www.zoom.us/
2Log duration was used to account for tempo differences.
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3. Results & discussion
3.1. Hesitation frequency

The frequency of hesitations produced by different speakers in
our data is given in Table 1. It illustrates that the participants
varied in their production of absolute number of hesitations as
well as in their relative frequency. For example, speakers 12
and 13 used a high number of hesitations per minute compared
with speakers 11 and 14. Individual variation in the frequency
of hesitations has also been reported in other languages such as
Italian [15], English [16], German [11], and French [14].

Table 1: Individual variation in frequency of hesitations.

Speaker | Speech time (m) | N. Hes | N. Hes/m

1 3.28 93 28
2 1.8 42 23
3 3.0 36 12
4 25 52 21
5 4.1 60 15
6 3.7 100 27
7 2.7 42 16
8 2.1 46 22
9 29 64 22
10 2.4 43 18
11 2.1 18 9
12 24 79 33
13 23 78 34
14 1.4 6 4
15 35 88 25
16 1.6 32 20

3.2. Hesitation types

Analysis showed that in our data, silent pauses were the most
frequent type (59%), followed by filled pauses (24%), and lex-
icalized filled pauses (17%). Figure 1 illustrates that while in-
dividual speakers varied in their production of FPs and LFPs,
they produced silent pauses as the most frequent hesitation type.
Only speakers 9 and 11 deviated from this as they produced
these hesitation types with almost similar frequency.
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Figure 1: Percentage of different hesitation types.



3.3. Position of hesitations in IPUs

Table 2 offers the frequency of different hesitations at various
positions in IPUs. As the IPUs were defined on the basis of
pause duration, SPs was the most frequently found phenomenon
across IPU boundaries. They are excluded from this Table as
that data was not informative. Table 2 illustrates that Punjabi
speakers have clear preferences for placing different hesitations
at specific positions in IPUs. While LFPs were mostly placed
at the initial position, the FPs were preferred at the medial po-
sition. Although almost a third of them were used at the IPU
initial position as well. Moreover, LFPs were produced more
frequently as IPUs compared with the filled pauses. [18] had
reported a similar pattern for LFPs in Italian.

Table 2: Occurrence (%) of hesitation types in IPUs.

Hesitation Position
Initial Medial Final Unit
FPs 30 59 6 5
LFP 69 6 10 15

Figure 2 presents the production of different hesitations
over the course of narratives. It shows that more hesitations
were produced at the beginning of the narrative and speakers
became more fluent later in their discourse. The production of
hesitations towards the end of the narratives indicates that they
were also used to perform other functions such as structuring
discourse and prosodic units. No difference was found between
hesitation types produced over a narrative.
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Figure 2: Position of hesitations over the course of narratives.

3.4. Form of pauses
3.4.1. Lexicalized filled pauses

We found that ‘te’ (then) was the most frequently used LFP in
our data. As the narratives involved a temporal organization of
events, the use of this LFP is understandable. However, ‘te’
was not used to indicate the temporal organization of events
only. This claim is supported by the fact that ‘te’ was frequently
preceded or followed by a silent pause (15%). Moreover, some
instances of ‘te’ were combined with a temporal adverbial ‘o.to
ba:d’ (after that). This shows that ‘te’ was stripped of its lexical
meaning and used as an LFP.

73

The second LFP used in our data was ‘otf.t/"a’ (ok), invari-
ably produced at the beginning of a narrative. The use of ‘ok’ as
an LFP at the beginning of narrative speech has been reported
by [2] for English.

Figure 3 illustrates that most of the LFPs were produced
with a level FO contour at varying FO registers. However, speak-
ers 4 and 15 produced a few dynamic contours with a rising or
a falling FO. We ran an automatic clustering algorithm [29] to
analyze the FO of LFPs and found that an analysis with three
clusters had the lowest information cost. Cluster 1 consisted of
a low falling FO contour (n=99). Cluster 2 comprised a similar
FO contour but produced at a lower FO register (n=25). The third
cluster contained a high falling contour (n=7). This indicates
that the clustering of LFPs was based on FO register, instead of
their FO contour.

P
100-
S D s s
oo ———
I
e R e
100
o 90 e — T
£ [ e
L i ——
8 i 7
c
2100
§90- i % ——— = —f=
80-
100- ~—
90- ————— e
1283456 128456 12345 12345

Normalized time

Figure 3: Speaker & item based variation in the FO of LFPs.

3.4.2. Filled pauses

The analysis of filled pauses showed that they mostly consisted
of a single vowel ‘V’ (n=113, 56%). However, we found a few
instances of FPs with nasals (12%) that consisted of either an
elongated nasal [m:] (n=11), a nasal-vowel sequence [m:V, mV]
(n=5), or vowel-nasal combination [Vm] (n=8). These were col-
lectively labeled as (V)N filler type. We also found a few vowel-
obstruent sequences [Vh, kV, bV, V.hV, VkV, V.vV, V.zV] (n=7,
3%). Furthermore, many filled pauses consisted of only irregu-
lar phonation (n=58, 29%). This inventory corresponds to [11]’s
proposal of vocalic and glottal fillers covering a continuum of
single to polysyllabic forms. The regression analysis showed
that the FPs with irregular phonation differed significantly in
their log duration from other filled pauses. FPs with irregular
phonation were significantly shorter than the (V)N filled pauses
(B =-0.63, SE =0.1, t =-4.4, p = 0.0001) as well as the FPs
with single vowels (B = -0.40, SE = 0.09, t = -4.2, p = 0.0002).

The low frequency of vowel-nasal fillers in Punjabi is sur-
prising as [om] was the second most frequently used FP in
Urdu/Hindi [12], a closely related South Asian language. Fur-
ther investigation of vowel-nasal FPs in our data showed that
‘Vm’ was mostly followed by a lexical word beginning with
a bilabial nasal as shown in (1). This leads us to claim that
the instances of VN filled pauses in Punjabi resulted from their
segmental context and the FPs with a single vowel or irregular
phonation are the mostly frequently used ones in this language.
Future research should analyze the functions of these FPs to
further investigate this.



ey

Vm: meri salgira vaa
‘<FP> it’s my birthday.’

3.4.3. Vowel quality in FPs

Figure 4 shows the F1 and F2 of vowel-only FPs in comparison
with the formants of other vowels produced by the same speak-
ers in our data. A first glance shows that the mean formant
values of vowels in FPs are clustered around schwa. However,
there is variation in the quality of these vowels as they are also
produced as fronted or back. Although not to the same extent
as observed here, [13] had also reported variation in the vowel
quality of FPs in European Portuguese. Unlike [13]’s data, our
analysis is based on FPs consisting of vowels only. Therefore,
this variation in their vowel quality cannot be explained on the
basis of filler type. Further analysis revealed two sources of this
variability: Speaker related variation and coarticulation. In the
latter context, the quality of vowels in FPs was assimilated with
that of the vowels in the preceding or following lexical words.

F2 (Lob.)

3

Figure 4: ‘FP’ in bold face shows mean formant values of vow-
els in FPs. Mean formants of vowels produced in lexical items
are indicated with corresponding IPA labels.

Speaker based variability in the vowel quality of FPs is il-
lustrated in Figure 5. It shows that speaker 12 produced most of
the FPs with a central vowel. Comparatively, the FPs produced
by speaker 5 and 10 are highly variable. This data illustrates the
challenges involved in the synthesis of natural sounding FPs.
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Figure 5: Individual variation in vowel quality of FPs.
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3.4.4. FO contour of FPs

Unlike their vowel quality, the FO contour of FPs follows a reg-
ular pattern. Figure 6 illustrates that most of the FPs were pro-
duced with a level FO contour. However, speakers 7 and 13
produced FPs with a rising or a falling FO. Variable FO contour
for FPs in German has been reported as a turn management cue
[32]. As our data consists of narratives, the variation in Punjabi
FPs may not be explained as a turn management device.
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Figure 6: Speaker & item based variation in the FO of FPs.
Three speakers did not produce any FPs with vowels.

The clustering analysis showed that the FO contour of FPs
can be divided into three clusters with lowest information cost:
Falling with low FO register (n=20), falling with a mid level reg-
ister (n=74), and a falling contour with high FO register (n=25).
Overall, the clusters for both FPs and LFPs were distinguished
on the basis of their FO register. As the FO has been converted
into semitones, this difference may not be attributed to speak-
ers’ gender. Considering that Punjabi is a tonal language [33],
the restricted use of FO in hesitations is understandable.

4. Summary & conclusion

The current study presents evidence for speaker based varia-
tion in the form and distribution of hesitations in Punjabi semi-
spontaneous narratives. The variation in the position of hesita-
tions shown in our data has also been reported for Italian [15],
German, and Dutch [14]. Punjabi speakers’ use of variable
vowel quality in FPs is similar to that reported for European
Portuguese [13]. However, Portuguese speakers only switched
between two central vowels. This shows that although the form
of Punjabi FPs follows the patterns reported for other languages,
the extent of variation in the acoustic realization of filled pauses
exhibited in our data has not been reported in detail before.

Our findings make a twofold contribution. They add to the
ecological diversity of the field by offering an insight into the
use of hesitations in an under-researched language. Our results
also contribute to understanding the sources of variation in the
form and structure of hesitations reported in existing literature
[34, 16, 15]. These findings may be used to improve the mod-
elling of hesitations in speech technological systems.

Importantly, our analysis is based on narrative speech in
Punjabi. Given that their use is context specific, it is expected
that the distribution and form of hesitations in Punjabi would
differ on the basis of genre. In future, we aim to investigate
hesitations in interview style speech as well.
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