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Abstract: The aim of this paper is an objective presentation of temporal fea-
tures of spontaneous Hungarian narratives, as well as a characterization of sepa-
rable portions of spontaneous speech. Ten speakers’ spontaneous speech materi-
als taken from the BEA Hungarian Spontaneous Speech Database were analyzed
in terms of hierarchical units of narratives (durations, speakers’ rates of articula-
tion, number of words produced, and the interrelationships of all these). We con-
clude that (i) the majority of speakers organize their narratives in similar temporal
structures, (ii) thematic units can be identified in terms of certain prosodic crite-
ria, (iii) there are statistically valid correlations between factors like the duration
of phrases, the word count of phrases, the rate of articulation of phrases, and
pausing characteristics, and (iv) these parameters exhibit extensive variability
both across and within speakers.
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1 Introduction

Temporal characteristics of spontaneous speech are affected by a number of factors.
The aim of the present study is an objective presentation of temporal features of spon-
taneous narratives including a characterization of the phrases in the narratives. An at-
tempt is made at defining various units of spontaneous narratives and capturing objec-
tive acoustic-phonetic properties of boundary marking. We try to identify the factors
determining the articulation rate of portions of speech within and across speakers and
to find out whether the acoustic-phonetic parameters we analyze make up a character-
istic pattern, and if they do, how they can be described.

Klatt [1] listed seven factors that determine the temporal patterns of speech: extralin-
guistic factors (the speaker’s mental or physical state), discourse factors (position
within discourse), semantic factors (emphasis and semantic novelty), syntactic factors
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(phrase-final lengthening), morphological factors (word-final lengthening), phonolog-
ical and phonetic factors (stress, phonological length distinctions), and physiological
factors (segment-internal temporal structure). Additional factors may also play a role,
like topic of discourse, speech type, speech situation, speech partner [2]. An analysis of
tempo in Dutch interviews confirmed the distinct role of phrase length [3]. Dialect also
seems to be a crucial factor, as shown by an analysis of speech rate in 192 speakers of
American English from Wisconsin and North Carolina [4]. Similar results emerged
from an analysis of 267 hours of spontaneous dialogues produced by Dutch speakers
living in the Netherlands and in Belgium [5]. Both of the last-mentioned papers claim,
in addition, that men tend to speak faster than women do, and that young speakers’
speech rate is faster than that of older speakers. Some data gathered from speakers of
(American) English partly contradict this, however: in a spontaneous speech material
of nearly two hundred speakers, the speech tempo of forty-year-olds turned out to be
the fastest, as opposed to both younger and older groups of speakers [4]. Significant
differences were found between the speech rates of neutral spoken texts vs. ones pro-
duced in various joyful or sorrowful states of mind [6]. An increase of the speech rate
may be caused by the fact that the speaker considers the given portion of the message
less important; but it can also be due to some external factor like the behavior of the
interlocutor.

The transformation of the speaker’s ideas into speech may become slower due to
conceptual planning becoming hesitant, construction of the utterance becoming diffi-
cult, or lexical selection becoming riddled by competitive lexemes at the given point.
In the phrases of spontaneous Italian narratives, the tempo of syllables has been meas-
ured, and compared between pre-stress and post-stress positions [7]. The results showed
that after phrasal stress, the tempo increased (by some 65%), while in pre-stress posi-
tions, such increase was only by 33%. The decrease of speech rate, on the other hand,
where it occurred, was 15% in a post-stress position and 40% before the stressed sylla-
ble. It can be concluded that the temporal properties of a longer stretch of spontaneous
speech are not constant and not independent of other prosodic properties of speech like
stress, or intonation [8].

Inter-speaker variation is significant; but large variability can also be found across
utterances of one and the same speaker. In spontaneous English conversations, for in-
stance, 33% large changes were attested in speech rate with one of the speakers [9].

Data from perceptual experiments make it probable that speakers tend to employ
general features as boundary markers of thematic units (TU) and of phrases, ones that
can also be used in decoding. Thematic units are portions of discourse exhibiting co-
herence of content that are appropriately structured both syntactically and prosodically
[10, 11]. In determining phrases within spontaneous narratives or dialogues, on the
other hand, primarily rises and falls of speech melody, as well as stress relationships
are taken into consideration [12]. So-called idea units (brief coherent spontaneous text
segments) are taken to be 2 seconds long on average, corresponding to roughly 6 Eng-
lish words.

It has been claimed that the acoustic-phonetic marking of prosodic boundaries is
not universal and that prosodic boundaries do not necessarily coincide with either syn-
tactic or semantic boundaries in Danish spontaneous speech [13]. In addition, pauses



do not inevitably occur at prosodic boundaries and pauses themselves should not be
considered to be boundary markers. Perceivable changes of speech melody and rhythm
at boundaries seem to provide cues for boundary identification.

Speech tempo also seems to be a factor influencing boundary patterns [14]. The
quantification of speech tempo that provides a single value for a spontaneous utter-ance
or for a longer spontaneous speech sample seems to be insufficient, irrespective of
whether articulation rate is considered in itself or various types of pauses are also taken
into account [15]. Speech tempo values are extremely rough indicators of the nature of
spontaneous speech and are not suitable to characterize long narratives or to make com-
parisons across speakers, dialects, languages or even speech situations. An articulation
rate value (without pauses) or a speech tempo value including pauses as contributing to
the overall rate of spontaneous speech are not informative enough since they do not
show the changes within various parts/units of the speech samples. Speakers continu-
ously adjust their speech rate to cognitive and environmental changes. The underlying
adaptive processes unfold in time and involve continual changes in speaking tempo. A
timekeeper is hypothesized to reflect the temporal structure of articulation events,
thereby establishing a frame of reference for the tim-ing of successive motor commands
[16].

This paper intends to reveal the internal tempo changes based on segmentation into
thematic units and phrases in spontaneous speech. Analysis focuses further on the in-
teractions of the duration of phrases, the word count of phrases, the rate of articulation
of phrases, and pausing characteristics. There are three main research questions: (i) how
thematic units and phrases can be defined in spontaneous narratives, (ii) what the inter-
relations are among various acoustic-phonetic cues that define phrases, and (iii)
whether there are universal temporal patterns in spontaneous speech or, on the contrary,
individual characteristics show totally different temporal structures in the processing of
spontaneous utterances.

The findings of the present research will throw new light on temporal properties of
spontaneous narratives, on covert processes of speech planning and pinpoint universal
and individual characteristics, features characterizing several speakers and single
speakers, respectively. We hypothesize that (i) spontaneous narratives can be seg-
mented into units defined by acoustic-phonetic parameters: these are thematic units that
are further segmentable into phrases, (ii) phrases exhibit characteristic temporal pat-
terns, and (iii) thematic units are mostly universal but can also be taken to be based on
individual peculiarities to some extent.

2 Subjects, material, method

For this study, we used 10 interviews of the BEA Hungarian Spontaneous Speech Da-
tabase [17] in which the participants talk about their job, family, and hobbies. Five of
the speakers are female, and five are male; all of them native speakers of Hungarian
from Budapest; aged between 22 and 35.



The total material is 57 minutes long (3-8 minutes per informants), and was anno-
tated in Praat 5.1 [18] at several levels (thematic units and phrases encoded orthograph-
ically and in phonetic transcription, and sound-level annotation). In the case of voiced
segments, the first period was taken to be the boundary. Using a Praat script, we auto-
matically extracted fundamental frequency (FO) and intensity. (We sampled both at
every 200 ms.) The initial criterion of the definition of thematic units (TU) was that the
interviewer opened a new topic by each question, that is, the preceding portion of text
was a unit semantically, syntactically, and prosodically, as well. The interviewer started
a new topic only when the speaker indicated, verbally or in some other manner, that
s/he did not want (or could not) say anything more. Within thematic units, we separated
phrases by either or both of the following two criteria: (i) an utterance flanked by (silent
or filled) pauses on both sides, and/or (ii) a radical change both in fundamental fre-
quency and intensity.

We automatically determined the occurrence and duration of all labeled silent and
filled pauses, and of all phrases, and calculated automatically the rate of articulation,
defined as the number of segments per total articulation time. The corpus included a
total of 7863 words. The informants uttered an average of 177 words per minute. For
statistical analyses, we used the SPSS 13.0 program (analysis of variance, correlation
analysis).

3 Results

Description of the results will be organized in five subsections of temporal analysis
which concern silent and filled pauses, temporal properties of thematic units, and
phrases as well as articulation tempo.

3.1  Silent and filled pauses

Our analyses have confirmed that phrases can be reliably defined in terms of pauses.
The corpus included 1326 silent pauses, of a mean duration of 510 ms (SD: 405 ms).
The shortest pause took 23 ms, and the longest took 3036 ms. The number and durations
of pauses found with individual speakers exhibited extensive variability (Fig. 1).

The duration of silent pauses was significantly different across speakers (F(9,1326) =
17.422; p < 0.001). The number of filled pauses was 260 in the corpus. Their mean
duration was 323 ms (SD: 153 ms). The shortest filled pause took 20 ms, and the longest
one took 720 ms. Statistical analysis confirmed significant differences across speakers
(F(9,219) = 6.704; p < 0.001), but a post-hoc test showed that the difference was only
significant between a single speaker (speaker 4 in Fig. 1) and all the others. Correlation
analysis showed that pausing exhibited individual differences across speakers; if the
speech of a speaker was characterized by longer silent pauses, s/he also tended to pro-
duce longer filled pauses (R? = 0.643; p = 0.045).
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Fig. 1. Duration of silent (left panel) and filled pauses (right panel) (1-5=females, 6-10=males)

3.2 Temporal properties of thematic units

With 60% of the speakers, the narrative could be segmented into three thematic units;
the rest of the speakers produced 5 or 6 thematic units. Starting a new topic as the
criterion for thematic unit boundaries was correlated with changes in fundamental fre-
quency and intensity; thus, TU boundaries were predictable.

The mean duration of TUs was 56 s (SD: 48 s). The distribution of durations was
lognormal (Fig. 2), meaning that most duration figures fell between zero and 100 s, and
that the curve decreased in a protracted manner.
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Fig. 2. The distribution of duration of Tus

In the duration of thematic units, with two exceptions, there were no significant dif-
ferences across speakers (Fig. 3). TU durations of speakers 2 and 3 significantly dif-
fered, according to post-hoc tests, from the data of all the other speakers (F(9,302) =
5.485; p < 0.001). These informants produced far longer thematic units than the others
did (Table 1).



The position of TUs within the narratives may have influenced their duration. For
an analysis of this, we only considered narratives that contained three thematic units,
given that the duration of these units did not exhibit significant differences. The trend
was that TUs get shorter as the end of the narrative draws nearer (Fig. 4).
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Fig. 3. The duration of TUs in individual speakers’ narratives (1-5=females, 6-10=males)

Table 1. Duration of thematic units in individual speakers’ narratives (f = female, m

= male)
Speakers Mean (s) Stantdig:]d ((:)e VI3 Minimum (s) | Maximum (s)
1f 44 .95 10.40 33.15 52.75
2f 165.67 111.36 58.62 280.89
3f 115.34 32.87 86.71 151.23
4f 24.88 21.67 3.75 76.52
5f 43.35 6.95 36.21 50.11
6m 49.26 23.09 18.63 83.26
m 43.35 22.03 21.92 70.04
8m 60.43 28.08 37.24 91.64
9m 39.32 15.06 24.55 54.65
10m 52.65 12.04 39.18 70.59

Hungarian speakers produce almost 20 words less in a minute than English speakers
do; the relevant figure for English is 196 words per minute [2]. This difference is obvi-
ously due to the fact that Hungarian, being an agglutinative language, has longer words
(the average syllable count of Hungarian words in spontaneous speech is 3.5). The
mean number of words per thematic unit was 245 (SD: 199), irrespective of whether
they were content words or function words.
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Fig. 4. Duration of TUs in various positions within narratives (1 = initial; 2 = medial; 3 = final)

3.3  Fundamental frequency and intensity of thematic units

FO changes seem to have a role in the separation of various phrases (and other units) in
spontaneous speech. Findings confirmed this separation role using automatic methods
[19, 20]. Results of the present study show that FO-values are higher at the beginning
of a TU (in the case of about 70% of all speakers) than at the end of a TU (the difference
ranges between 6 Hz and 41 Hz), see Table 2. The intensity values revealed similar
interrelations: 90% of all speakers produced higher intensity at the beginning of TUs

than at their end.

Table 2. Values of FO at the beginning and end of TUs (f = female, m = male)

Speakers | Thematic units M«(aar;)FO FO(-L&ZT;QE
1f beginning 199.3 21.9
end 159.7 46.5
of beginning 191.2 6.7
end 150.8 55.3
3f beginning 181.3 13.4
end 157.4 15.7
4f beginning 222.8 22.5
end 186.2 14.8
5f beginning 191.2 6.7
end 150.8 55.3
6m beginning 145.0 32.6
end 101.7 0.8
- beginning 156.9 38.3
end 138.2 33.0




8m beginning 124.6 8.8
end 131.3 48.5
9m beginning 134.4 12.1
end 128.5 11.1
beginning 139.3 21.9
10m - end 114.7 46.5

3.4  Temporal properties of phrases

The number of phrases was 1394 in our material. Their number within TUs was not
independent of whether the TU was initial, medial, or final in the narrative. Medial
thematic units consisted of fewer phrases than the preceding or following ones (Fig. 5).
The duration differences of phrases within thematic units were significant (F(9,1394)
=11.175; p < 0.001). Their variability was larger across speakers than that of the dura-
tion of thematic units. Speakers can be classified into two groups, one group produced
relatively short phrases, while the other group produced relatively long ones.
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Fig. 5. The number of phrases within thematic units (in six speakers’ material)

The position of thematic units within narratives also affected the length of phrases (Fig. 6). Nar-
rative-final TUs were realized in shorter duration than the preceding ones (F(2,750) = 3.277; p =
0.038).

3.5 Word counts in TUs and in phrases

We established the word count of each TU, irrespective of whether they were content
words or function words. The mean number of words per TU was 245 (SD: 199). The
smallest number was 147 words/min in a TU, and the largest was 206 words/min. The
results show minor differences across TUs of the same speaker; but across speakers,
the differences are larger.
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Fig. 6. The duration of phrases in terms of the position of TUs (1= initial; 2=medial; 3=final)

The average word count in phrases within thematic units was 5.8 words (SD: 4.7,
minimum: 3.4, maximum: 8.1). The average word count of phrases is lognormal, and
exhibited significant differences depending on which TU the given phrase occurred in.
The phrases of third thematic units contained fewer words on average than those of first
and second ones (1st TU = 6.2 words; 2nd TU = 6.1 words; 3rd TU = 5.1 words;
F(2,750) = 4.313; p = 0.014). That is, towards the end of a narrative, it was not only the
case that the thematic units got shorter, but also the phrases they contained were shorter
and consisted of fewer words. We found strong linear correlation between the number
of words in a phrase and its duration (R? = 0.8603; p < 0.001). This means that the
longer the duration of a phrase the more words it consists of (Fig. 7).
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Fig. 7. The correlation between the duration and word count of phrases



3.6  Rate of articulation

The slowest speaker exhibited a mean rate of articulation of 11.7 sounds/s (SD: 3.1),
the fastest speaker exhibited 15.4 sounds/s (SD: 6.5). Statistical analyses confirmed
significant differences of rate of articulation across speakers (F(9,1387) = 13.168; p <
0.001). However, a post-hoc test showed that three speakers differed from nearly all
other speakers.

Among speakers producing three thematic units, we found two different tendencies
in tempo changes across TUs. With three of them, the mean rate of articulation accel-
erated in the second TU compared to the first, and then got slower toward the end of
the narrative. With the other three, on the contrary, the rate of articulation was slower
in the second TU than in the first, and then a strong acceleration occurred toward the
end of the narrative (Fig. 8).
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Fig. 8. Average rate of articulation in individual TUs

Given that the rate of articulation changes continuously in the narratives, we per-
formed continuous time analysis of the rate of articulation of phrases. As compared to
the mean rate of articulation of the whole narrative, extremely fast and extremely slow
values were both found in the individual phrases (Fig. 9).

4 Conclusions

Spontaneous speech corpora make it possible to perform a thorough analysis of tem-
poral properties of spontaneous speech. The mean tempo values can only be a point of
departure, followed by detailed analyses of the complex temporal patterns of spontane-
ous utterances. In the present series of investigations, we determined thematic units and
phrases, and gave objective values of the parameters measured. We found that (i) the



majority of speakers (60% in our case) organized their narratives in similar temporal
structures, (ii) thematic units could be identified in terms of certain prosodic criteria,
(iii) we found statistically valid correlations across factors like the duration of phrases,
FO changes, the word count of phrases, the rate of articulation of phrases, and pausing
characteristics, and (iv) these parameters exhibited extensive variability both across and
within speakers. The results of the present study speak in favor of the claim that chang-
ing temporal structures within spontaneous narratives indicate well segmentable units
across speakers.
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Fig. 9. Rate of articulation in two speakers’ narratives (the horizontal line represents the aver-
age rate of articulation of the whole narrative; the vertical lines indicate the boundaries of TUs)

According to our data, speakers create TUs of roughly similar duration in their nar-
ratives, that is, we can assume the existence of a kind of “internal time control” as part
of covert speech planning processes that determines how long speakers may dwell on
a given topic in a non-conversational situation. This control function probably takes
several factors into consideration, including the listener’s assumed level of interest, the
amount of information to be shared with the interlocutor, selection, avoidance of certain
details, etc. While filled pauses did not differ in length in a statistically relevant manner,



silent pauses did. This can be due to physiological factors like the regulation of breath-
ing, but obviously a number of other factors play a role in how long silent pauses a
speaker produces. Pauses, being generally accepted boundary markers, appear to be
language specific in both their occurrence and phonetic properties [21, 22]. Narrative-
medial TUs tend to consist of fewer phrases than the TUs before and after them. This
can be due to the fact that the speaker tends to elaborate the first topic in relatively more
detail, requiring more thought and speech planning, a fact that emerges in the produc-
tion of a higher number of phrases. In the second topic, the speaker employs strategies
of narrative construction more easily, speaks more concisely, and produces fewer
phrases. In the case of the third topic, however, the speaker appears to lose interest, find
solitary speech production inconvenient, or simply get tired, given that in everyday
communication the construction of lengthier narratives is not typical.

All those factors may result in the fewer phrases that characterize the last TUs of
narratives. The objective temporal data reflect the same pattern. Rate of articulation is
expected to exhibit great variability both across and within speakers. The rate of artic-
ulation of individual speakers follows two clear tendencies, in which the second the-
matic unit has a crucial role. But the appearance of extreme values characterizes all
phrases.

Our first hypothesis, according to which units defined by acoustic-phonetic param-
eters can be determined within spontaneous narratives, was confirmed. Thematic units
were getting shorter towards the end of the narratives, whereas in terms of the number
of words involved, there was no statistically confirmed difference across TUs.

Our second hypothesis was that the phrases making up the thematic units would
exhibit particular temporal patterns. This was also confirmed. The duration of phrases
showed a lot more variability across speakers than that of thematic units did. It appears,
then, that phrases primarily exhibit speaker-dependent properties. Their duration is af-
fected by where exactly they occur within a thematic unit. A strong correlation was
found between the number of words in a phrase and its duration, confirming the claim
that in longer phrases the speaker indeed produces more words than in shorter ones.

In our third hypothesis, we stated that the properties of thematic units are universal
to a larger extent than they are speaker specific. On the basis of our results, this state-
ment has to be qualified. Although the temporal organization of narratives exhibits a
number of universal properties, individual properties may override these in interesting
ways [23].

Narrative-internal tempo changes may depend on a number of further factors. The
present paper demonstrated some objective characteristics of the ways narratives are
organized, including properties that are true of speakers in general and those that char-
acterize them individually.
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