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Abstract
Detecting the presence of quotations in speech is a difficult
task for automatic natural language understanding. This paper
presents a study on the correlation between three prosodic fea-
tures present in a voice command and the presence or absence
of quotations. These features consist of intra-word pause dura-
tions, F0 reset and F0 continuity. A combination of lexical and
prosodic extraction tools was used to extract these features. The
two-sample Kolmogorov-Smirnov test was then used to com-
pare the distributions of the collected measures. The results
show a correlation between these features and the presence or
absence of quotations. Moreover, the results show that it is pos-
sible to use these features to differentiate direct from indirect
quotations.
Index Terms: prosody, quotation, Kolmogorov-Smirnov, natu-
ral language understanding

1. Introduction
The goal of human-machine dialog systems is to interact with
computer systems in a more natural and effective way than
with conventional interfaces. Current systems consist of three
loosely coupled components: the automatic speech recogni-
tion system (ASR), the natural language understanding system
(NLU) and the dialog system or conversational agent (CA). In
addition to the lexical information extracted by the ASR sys-
tem, the original signal may contain prosodic cues that could
help the NLU system. However, prosodic cues are not often
used by NLU systems, which are usually driven entirely by lex-
ical information. Prosody concerns sound intonation, intensity
and duration, which of course is absent at the lexical level.

The goal of this paper is to determine the possibility of im-
proving a NLU system’s performance for quotation detection.
To achieve that, a correlation between some intra-word prosodic
features and the presence or absence of quotations is investi-
gated. If there is such a correlation, the prosodic information
could be eventually combined with the existing lexical infor-
mation for enhanced quotation detection.

In the literature, quotations can often be classified as a type
of dialog acts (DA). Some authors already combine lexical and
prosodic models to classify and detect DA [1, 2, 3, 4]. How-
ever, the literature does not address the case where the author
of the quotation is the narrator himself, which is the present fo-
cus. A quotation is used for the assignment of specific words
and thoughts to others. It represents a discourse in a discourse.
Quotations are divided into three categories [5]: direct speech
(quotation is expressed word for word), indirect speech (what
was said is expressed in our own words) and free indirect speech
(characters speak to us without narrator as intermediary). En-

glish speakers can use prosodic cues - “audio quotation marks”
by analogy - to identify quotation boundaries [6]. Changes are
frequently observed on the global pitch, intensity, and speech
rate. However, not all quotations are prosodically marked.

Prosody can help to detect the end of direct speech [7]. The
start of a quotation is often linguistically marked with a quo-
tation verb, but no such linguistic mark indicates its end. The
pitch reset seems to be the most appropriate feature to detect the
end. Prosody can also differentiate direct and indirect speech
[8]. The global pitch range is much greater for direct quotations.
A significant difference also exists in the quantity of pitch reset
relative to a preceding sentence.

Finally, a correlation has been studied with human anno-
tators between prosody and statements in quotation marks [9].
Sentences read aloud differ at the prosodic level relative to their
counterparts when they contain passages enclosed with quota-
tion marks. Four different strategies are observed: a main break,
a drawling break, a change in voice quality and the pitch accents
movement. In fact, speakers do not rely on a single strategy.
The current study represents an attempt to quantify these kinds
of observations.

The rest of this paper is organized as follows. Section 2
introduces the definition of quotation and makes hypotheses.
Section 3 describes the corpus used for the present experiment.
Section 4 presents the two-sample K-S test. Section 5 describes
the methodology. Section 6 presents the experiment and results,
followed by the interpretation and discussion in Section 7. Fi-
nally, a conclusion summarizes the experiment.

2. Definition of Quotation

As explained in the literature review, a quotation is used for the
assignment of specific words and thoughts to others. It repre-
sents a discourse in a discourse. In this experiment, authors
of quotations and their narrator correspond to the same entity.
Two quotation categories are defined inspired by the literature:
direct and indirect, i.e. with or without the immediate presence
of words on the left boundary announcing its presence. Table 1
shows an artificial quotation example of each category.

This paper tests two hypotheses. First, that there is usually
a more pronounced pause period, F0 reset and F0 continuity
at the start of a quotation relative to other concepts. Here, the
word “concept” is used to refer to a word or phrase representing
a semantic component of an utterance. Second, that these same
features are generally more pronounced at the start of a direct
relative to an indirect quotation.
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Sentence Text Mary have a nice day
Quotation have a nice day

Quoted Narrator
Type Direct

Sentence Text Mary and tell her that we’re leaving
Quotation we’re leaving

Quoted Narrator
Type Indirect

Table 1: Examples of direct and indirect quotations

3. Experimental Corpus
To investigate the above hypotheses, a corpus of 39 584 utter-
ances was used. This corpus contained 10 621 words starting a
quotation (10 621 records) and 97 682 words in records with-
out quotations (28 963 records). Extraction of F0 reset and F0
continuity features from this corpus was attempted. However,
utterances with invalid results due to pitch halving and doubling
during automatic extraction (a known problem in the literature
[10]) were discarded. Audio records came from potentially dif-
ferent English speakers for each record. Their textual transcrip-
tions and concepts assigned for each word were available from
an automated NLU process. Concepts were manually corrected
for commands containing quotations. Unfortunately, this sam-
ple set was slightly biased, because the data were previously
filtered by an automated NLU system. This filtering maximized
the probability of automatically extracting the appropriate con-
cepts. To have an unbiased sample set, a random sampling
would have been necessary. However, the subsequent manual
annotation of a random sample set was prohibitive. The use of
this biased sample set represents a practical means to overcome
this tradeoff.

4. Two-Sample K-S Test
The two-sample Kolmogorov-Smirnov test (K-S test) [11] is
a nonparametric test to determine if two sample sets derive
from the same one-dimensional continuous probability distri-
bution. It quantifies a distance between their empirical distri-
bution functions (K-S statistic). To achieve this, the empirical
distribution function is calculated for each sample set as obser-
vationsXi of two random variables taken to be independent and
identically distributed:

Fn1(x) =
1

n1

m∑

i=1

IXi≤x Fn2(x) =
1

n2

m∑

i=1

IXi≤x (1)

where Fn1(x) and Fn2(x) are empirical distribution functions
for the first and second sample sets of size n1 and n2 re-
spectively, IXi≤x is the characteristic function and equals 1 if
Xi ≤ x and equals 0 otherwise. The K-S statistic is then calcu-
lated as follows:

Dn1,n2 = supx|Fn1(x)− Fn2(x)| (2)

where sup is the supremum function. The p-value [12] is a
function of the observed sample results that is used for test-
ing a statistical hypothesis. The null hypothesis, specifying
that samples are taken from the same distribution, is rejected
or not by comparing the p-value to a level of confidence α usu-
ally assigned to 0.05 or 0.01. It is rejected if the p-value is

less than this threshold, and the test result is declared ”statisti-
cally significant”. Otherwise, the null hypothesis is accepted.
The p-value is difficult to calculate and statistical software is
required, often using numerical methods rather than exact for-
mulas. The p-value and the K-S statistic were calculated in the
Python programming language using the ks 2samp function of
the scipy.stats library for this experiment.

5. Method Description
It was necessary to use appropriate tools for extracting features
of voice commands to verify hypotheses in this experiment. A
quality assessment was performed on these tools to determine
their effectiveness. A lexical extraction tool has been combined
with a prosodic extraction tool to collect intra-word prosodic
features. The following sections describe these two tools and
the studied prosodic features.

5.1. Lexical Extraction Tool

Lexical characteristics were automatically extracted with a
voice recognition system developed by Nuance named Nuance
Recognizer version 10.2.4 (NR10). Time resolution was 10
msec for the extracted measures. NR10 needs an audio and a
grammar as input to work. For the needs of this experiment,
the given grammar only contained the same previous recorded
automatic transcription of the relevant record. This approach
optimizes the alignment of words and pauses relative to the sig-
nal.

5.2. Prosodic Extraction Tool

Prosodic features were automatically extracted with an appli-
cation designed by Paul Boersma and David Weenink from the
University of Amsterdam named Praat version 3.5.49 (Praat).
Praat is an open source software specialized for speech analy-
sis. It allows the creation and execution of scripts required for
the automated extraction of prosodic features. Time resolution
was 1 msec for the extracted measures.

5.3. Pause Duration

Pause duration was the only prosodic feature requiring the com-
bination of Praat and NR10 measures. The lexical extraction
from NR10 did not always detect short duration pauses. On the
other hand, Praat was very sensitive to noise and filled pauses,
often not considering them as pauses. An algorithm was de-
signed to minimize the error on the automatic extraction of
pauses, combining the strengths of the two tools.

This algorithm starts by obtaining the pauses extracted by
NR10 before each word, even if many go undetected (duration
of zero). The algorithm then tries to expand each of these pauses
with those extracted by Praat. It takes the minimum value be-
tween the NR10 and Praat pause start. These pauses must over-
lap, but a margin of up to 50 msec of no pause was allowed
between the end of the Praat and the beginning of the NR10
pause. The new pause start became this minimum value. The
new pause end became the maximum value between the NR10
and Praat pause end. These pauses must overlap, and no margin
was allowed.

Praat sometimes generated intermittent pauses when the
signal was noisy. The algorithm then tried to cover these in-
termittent pauses to form only one large pause. To succeed,
the noise interval between two intermittences must be no more
than 30 msec. This 30 msec noise interval and the 50 msec
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pause margin above are ad hoc values chosen based on the ob-
servation of several voice commands used in algorithm devel-
opment. The algorithm proceeded to the right and left of the
original pause. Finally, the new values were considered as the
official automatic measures once the execution of the algorithm
was completed. Figure 1 shows an example of final pauses com-
bined from NR10 and Praat.

Figure 1: Example of final pauses combined from NR10 and
Praat

5.4. Features derived from F0

A line was generated for each side of the intra-word boundary
using a simple linear regression model applied to F0 estimates
in windows to the left and right side of a pause. These lines
roughly represented the F0 values measured for this window.

F0 reset correspond to the difference in pitch between the
two sides of the intra-word boundary. This feature is used to
capture the well-known tendency of speakers to reset pitch at
the start of a new major unit. The reset is typically preceded by
a final descent in pitch associated with the end of such a unit.
Thus, a larger reset is observed at the boundaries of these units
relative to the other parts of speech. Figure 2 shows an example
of F0 reset.

Figure 2: Example of F0 reset

6. Experiments
The data was partitioned into two classes: quotations (Q) and
others (O). To collect data for Q, an algorithm extracts only the
transcripts belonging to domains “email”, “sms”, “reminder” or
“note”, containing at least once the concept ”title” or ”text” but
also containing lexical material prior to those concepts. The
class O consist of data in others domains with at least two
words.

For quotations, features were extracted before each
quotation-initial word. For other concepts, all words of the
voice command were considered, except the first since there
was no previous word for comparative purposes. Table 2 shows
the Praat settings used for the pauses extraction, followed by the
Table 3 with the Praat settings used for the F0 extraction.

Minimum pitch (Hz) 100.0
Time step (s) 0.001

Subtract mean Yes
Silence threshold (dB) -30.0

Minimum silent interval duration (s) 0.001
Minimum sounding interval duration (s) 0.001

Table 2: Praat settings for automatic pauses extraction

Time step (s) 0.01
Minimum pitch (Hz) 75.0
Maximum pitch (Hz) 600.0

Table 3: Praat settings for automatic F0 extraction

7. Results
This section presents the experimental results. Tables 4, 5 and
6 show the pauses duration, F0 reset and F0 continuity distribu-
tions statistics respectively.

Quantity Mean Std dev
Quotations 10 621 285.214 213.510

Direct quotations 8 644 311.212 323.713
Indirect quotations 1 977 171.544 224.993

Other concepts 97 682 103.513 307.809

Table 4: Pauses duration distributions statistics

Quantity Mean Std dev
Quotations 8 806 10.383 32.587

Direct quotations 7 216 10.092 32.518
Indirect quotations 1 590 11.706 32.869

Other concepts 80 084 3.651 26.439

Table 5: F0 reset distributions statistics

Quantity Mean Std dev
Quotations 9 715 104.593 718.351

Direct quotations 7 938 96.646 718.465
Indirect quotations 1 777 140.092 716.765

Other concepts 85 663 64.961 673.825

Table 6: F0 continuity distributions statistics

8. Interpretation
The results showed that the mean of three prosody features were
higher before quotations relative to other concepts. However,
the standard deviation for each distribution was very high. This
is in large part due to some extreme values in the data set. To
verify whether these results are nevertheless significant, the K-
S test was applied to these three features with a threshold of
α = 0.05. The three null hypotheses - that the sample sets
from quotations and other concepts derive from the same distri-
bution - were rejected since p-values were less than α for each
of these cases. The results therefore support the first hypothe-
sis formulated in Section 2, namely, that there is usually a more
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pronounced pause period, F0 reset and F0 continuity prior to a
quotation. Table 8 shows p-values and K-S statistics calculated
with the Python ks 2samp function.

P-value K-S statistics
Pauses duration 0.0 0.455

F0 reset 4.252e-259 0.194
F0 continuity 8.188e-32 0.064

Table 7: K-S test for quotations and other concepts

The results showed that the mean pauses duration was
higher before the start of direct relative to indirect quotations.
However, the opposite was observed for the two other features.
Applying the K-S test again, Table 8 shows the relevant statis-
tics.

P-value K-S Statistics
Pauses duration 2.560e-126 0.301

F0 reset 2.472e-7 0.078
F0 continuity 0.027 0.038

Table 8: K-S test for quotations and other concepts

The three null hypotheses, that the sample sets from direct
and indirect quotations derive from the same distribution, were
rejected since p-values were less than α for each of these cases.
The results support the second hypothesis formulated in Section
2 for the pauses duration, while it is not supported for the F0
reset and F0 continuity.

9. Discussion
F0 reset observations suggest that speakers generally increase
the pitch when they start to dictate a quotation, whether direct
or indirect. However, this finding was also observed to a lesser
degree for other concepts. This suggests that speakers tend to
increase the pitch when they start a new word, starting a quota-
tion or not.

Surprisingly, the F0 reset seemed less pronounced at the
start of direct relative to indirect quotations. This can corre-
spond to the often low pitch of the word end preceding the start
of the indirect quotation. For example, in the command “Re-
mind me at nine to [watch the tv]”, the word “to” ends with a
low pitch. The range of words was very limited preceding indi-
rect quotations, and this word was often present. The low pitch
of the previous word end could explain this counter-intuitive
observation, regardless the pitch of the next word start.

Positive F0 continuity was observed to be more pronounced
for quotations relative to other concepts. This suggests that
speakers tend to gradually decrease the pitch at the word end
preceding a quotation, and then gradually increase at its start.
However, this finding was also observed in a less degree when
the speaker ended a word to start another, starting a quotation
or not.

F0 continuity seemed less pronounced for direct relative to
indirect quotations. This could be explained again by the word
end pitch preceding the indirect quotation. The words “to” and
“that” were the two most frequently observed words preceding
indirect quotations. The word “that” ends with a fricative hav-
ing no associated F0 value. Thus, the algorithm ignored that
part and tried to recover the last F0 values. The end of these

two words was potentially a line of slope close to zero due to
ignoring the final fricative, resulting in a bias for the F0 conti-
nuity measure.

10. Conclusion
In this paper, the correlation between three prosodic features
and the presence or absence of a quotation was studied. This ex-
periment differs from the literature since the quotation’s author
and its narrator correspond to the same entity. The features have
been studied through a combination of lexical and prosodic ex-
traction tools. The results support the first hypothesis specifying
that there is usually a more pronounced pause duration, F0 reset
and F0 continuity at the quotation start relative to other con-
cepts. The results support the second hypothesis for the pauses
duration on direct and indirect quotations, but the opposite is
observed for the F0 reset and F0 continuity. Finally, the lack of
available data did not permit a study of the quotation end. The
next step is to train a NLU system with these prosodic features
to verify whether its performance can be improved for quotation
detection.
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