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Abstract This paper investigates whether and how depressive disorders affect
speech and in particular timing strategies for speech pauses (empty and filled pauses,
as well as, phoneme lengthening). The investigation is made exploiting read and
spontaneous narratives. The collected data are from 24 subjects, divided into two
groups (depressed and control) asked to read a tale, as well as, spontaneously report
on their daily activities. Ten different frequency and duration measures for pauses
and clauses are proposed and have been collected using the PRAAT software on
the speech recordings produced by the participants. A T-Student test for indepen-
dent samples was applied on the collected frequency and duration measures in order
to ascertain whether significant differences between healthy and depressed speech
measures are observed. In the “spontaneous narrative” condition, depressed patients
exhibited significant differences in: the average duration of their empty pauses, the
average frequency, and the average duration of their clauses. In the read narratives,
only the average pause’s frequency of the clauses was significantly lower in the
depressed subjects with respect to the healthy ones. The results suggest that depres-
sive disorders affect speech quality and speech production through pause and clause
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durations, as well as, clause quantities. In particular, the significant differences in
clause quantities (observed both in the read and spontaneous narratives), suggest a
strong general effect of depressive symptoms on cognitive and psychomotor func-
tions. Depressive symptoms produce changes in the planned timing of pauses, even
when reading, modifying the timing of pausing strategies.

Keywords Depressive disorders + Speech pauses - Filled and empty pauses + Vowel
and consonant lengthening - Clauses - Pausing strategies + Phonation time - Silences

1 Introduction

Speech structure is characterized by pauses, the role and cognitive dimension of
which were first underlined by Rochester [33], Butterworth [7], Chafe [10], Clark
and Fox Tree [11] and more recently by Esposito et al. [17] and Benus et al. [4],
attributing to them the function of signaling complex cognitive planning processes
related to the effort to communicate new information content.

Coarsely, speech pauses have been described as a multi-determined phenomenon
serving different communicative social functions, among these, synchronizing the
verbal and nonverbal communication modes [18, 19], marking the boundaries of
narrative units [27-30], predicting a person’s status [32], as well as, identifying the
caller/receiver’s status in phone calls, the caller doing significantly more pauses than
the receiver [37].

Pauses in speech are distinguished into three coarse categories as “empty”, and
“filled” pauses and “consonant/vowel lengthening” (this first categorization was due
to Maclay and Osgood [23]). Empty pauses are defined as silent speech intervals, the
length of which may vary depending on the task under consideration [15, 16]. Filled
pauses are vocalizations such as uhm, uh, ehm, etc. Some authors tend to attribute
different communicative functions to empty and filled pauses [9]. For example, it is
supposed that empty pauses are mostly used to signal phrase boundaries while filled
pauses serve to keep the speaker’s turn [11]. The lengthening of vowels and/or con-
sonants in word final or central positions is conceptualized as due to pre-articulatory
planning processes [24]. Clauses are considered by definition “a sequence of words
grouped together on a semantic or functional basis”. Clauses are tied to pausing
strategies because they are segmented through the three abovementioned different
pause categories.

The proposed investigation aims at identifying speech pause duration and pause’s
frequency measures robust enough to show significant differences between depressed
and healthy speech. Such measures will serve for the development of algorithms
implemented in automatic diagnostic tools for the early detection and diagnosis of
depressive disorders.
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2 Methods

2.1 Subjects

The 12 depressed patients are Italian and were recruited with the help of psychiatrists
at the Department of Mental Health and the General Hospital in Caserta, the Institute
for Mental Health and the General Hospital in Santa Maria Capua Vetere, the Centre
for Psychological Listening in Aversa (Italy) and in a private psychiatric office.
They were already diagnosed as depressed and some of them were under treatment.
In addition they were administered the Beck Depressive Inventory Second Edition
(BDI II) proposed by Beck et al. [3] in the Italian language version assessed by
Ghisi et al. [20]. Table 1 reports their code (because of anonymity constraints all
the subjects received a subject identification code when enrolled in the experiment
and were identified by it), gender, age, and BDI II scores. Before being enrolled
in the experiment, informed consensus were gathered from all of them. Moreover,
the subjects were informed by the experimenter that the aims and the expectations
of the proposed research were to find voice and face (also facial expressions were
recorded, even though, not for all the involved participants) features that may serve
for detecting depressive states. No mention to speech pauses was indeed made.
The speech was first collected for the depressed patients and then the control group
was matched to them for age and gender. The BDI II was also administered to the
healthy group. Table 1 reports both the experimental and control group demographic
variables. Participants were local inhabitants of the Campania Region (Italy), and
therefore they matched for geographical/cultural areas and social rule sharing.

2.2 Procedure and Experimental Set-up

Participants were conducted to a quiet room and seated in front of a PC. They were
provided with headphones and asked to provide their speech in two different exper-
imental conditions. In the former, they were asked to spontaneously report on their
weekly activities. In the latter, they were asked to read from the PC monitor the tale
“The North Wind and the Sun” by Esopo. The tale is a standard phonetically bal-
anced short folk tale (about six sentences all together), frequently used in phoniatric
practices.

The recordings were made using a clip-on microphone (Audio-Technica
ATR3350), with external USB sound card. Speech was sampled at 16 kHz and quan-
tized at 16 bits. For each subject, the recording procedure did not last more than
15 min.
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2.3 Measurements

The recordings were analyzed through the PRAAT (http://www.fon.hum.uva.nl/
praat/) software, which allows to display at the same time both the spectrogram and
waveform of each recording. The pauses (either filled, or empty or consonant/vowel
lengthening) were identified manually through their spectral characteristics (from
the spectrogram) and then boundaries were identified through the listening of these
spectral chunks. The details of the criteria applied to identify the boundaries in the
speech waveform are accurately described in [14].

The 10 measurements taken on each participant’ (both depressed and healthy
subjects) recordings (both read and spontaneous narratives) are described as follow:

1. Empty pause ratel (EPR1): It was calculated as the ratio between the number of
empty pauses (frequency) and the total duration of each spontaneous and read
narrative (measured in seconds);

2. Empty pause rate2 (EPR2): It was calculated as the ratio between the total dura-
tion of empty pauses and the total duration of each spontaneous and read narra-
tive;

3. Filled Pause Ratel (FPR1): It was calculated as the ratio between the number
of filled pauses (frequency) and the total duration of each spontaneous and read
narrative;

4. Filled Pause Rate2 (FPR2): It was calculated as the ratio between the total dura-
tion of filled pauses and the total duration of each spontaneous and read narrative;

5. Lengthening Ratel (LR1): It was calculated as the ratio between the number of
consonant/vowel lengthening (frequency) and the total duration of each sponta-
neous and read narrative (in seconds);

6. Lengthening Rate2 (LR2): It was calculated as the ratio between the total duration
of consonant/vowel lengthening and the total duration of each spontaneous and
read narrative;

7. Clause Ratel (CR1): It was calculated as the ratio between the number of clauses
(frequency) and the total duration of each spontaneous and read narrative;

8. Clause Rate2 (CR2): It was calculated as the ratio between the total duration of
clauses and the total duration of each spontaneous and read narrative;

9. Pause Ratel (PR1): It was calculated as the ratio between the sum of EPRI,
FPR1, and LR1 (that are frequencies) and the total duration of each spontaneous
and read narrative;

10. Duration Pause Ratel (DPR1): It was calculated as the ratio between the sum of
empty, filled pauses, and consonant/vowel lengthening durations and the total
duration of each spontaneous and read narrative.

For sake of clarity, Table 2 exemplifies the description of the above measurements.
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Table 2 Description and acronyms assigned to the measurements under examination

Duration in s/duration | Acronym Frequency/duration Acronym
ins ins

Empty pause EPR2 Empty pause EPR1
durations/Speech total frequency/Speech total
duration duration

Filled pause FPR2 Filled pause FPR1
durations/Speech total frequency/Speech total
duration duration

Lengthening LR2 Lengthening LR1
durations/Speech total frequency/Speech total
duration duration

Pause total DPRI Pause total PR1
durations/Speech total frequency/Speech total
duration duration

Clause CR2 Clause CRI
durations/Speech total frequencylSpeech total
duration duration
3 Results

A T-Student test for independent samples was applied on the collected measures in
order to ascertain significant differences between healthy and depressed speech.
In the “spontaneous narratives” it was found that:

(a) DPRI, the total duration of speech pauses (empty, filled and vowel lengthening
taken all together) is significantly longer (¢ < 0.05) for depressed subjects with
respect to healthy ones, under one (T(22) = 2.438257, p = 0.011646) and two
tailed testing hypotheses (T(22) = 2.438257, p = 0.023293);

(b) EPR2, the total duration of empty pauses is significantly longer (o« < 0.05) for
depressed subjects with respect to healthy ones under one (T(22) = 2.282619,
p =0.016239) and two tailed testing hypotheses (T(22) = 2.282619, p =
0.032479);

(c) CR2, the clause duration is significantly shorter (o« < 0.05), for depressed sub-
jects with respect to healthy ones under one (T(22) = 2.434987, p = 0.011729)
and two tailed testing hypotheses (T (22) = 2.434987, p = 0.023458);

(d) CRI1, the clause frequency is significantly lower (¢ < 0.05) for depressed sub-
jects with respect to healthy ones under one (T'(22) = 4.028679, p = 0.000281)
and two tailed testing hypotheses (T(22) = 4.028679, p = 0.000562);

Figure 1 illustrates the differences between depressed and healthy subjects in CR1
frequency rate and CR2, DPR1, EPR2 duration rates. Differences were not significant
for the remaining measurements.
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Fig. 1 Differences between depressed and healthy subjects in CR1, CR2, DPR1, EPR?2 rates
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Fig. 2 Differences between depressed and healthy subjects in CR1 frequency rates

In the “read narratives” only the frequency of clauses (CR1) was significantly
lower (@ < 0.05) for the depressed subjects with respect to healthy ones, under one
tailed (T'(22) = 1.834149, p = 0.040778) testing hypothesis. Figure 2 illustrates the
CRI differences between the two groups.
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4 Discussions

This research investigates on how depressive disorders affect speech pausing strate-
gies either in spontaneous or read narratives. In literature, the identified acoustic
differences between depressed and healthy speech are attributed to changes in FO
frequency values and FO related measures, as well as, formants, power spectral den-
sity, Mel Frequency Cepstral (MFCC) coefficients, speech rate and glottal parameters
such as jitter and shimmer [2, 5, 13, 21, 22, 26, 27, 38]. In particular, it has been
proven that depressed speech exhibits a “slow” auditory dimension [12, 25] and it
is perceived as sluggish. According to our results, the perceived “sluggishness” can
be primarily attributed to lengthened empty pauses (no significant differences were
found for filled pause and consonant/vowel lengthening), and shortened phonation
time (clauses are shorter in duration and less numerous). Similar results were found
in “automatic” speech tasks (such as counting, reciting the alphabet, and/or read-
ing (see [1, 6, 27, 35]) but not in “extemporaneous free speech samples” (see [27],
p- 9). This different outcome can be attributed to the fact that in [27] the speech
was collected through telephone and the noise on the communication line may have
distorted the signal making difficult to automatically identify the pause boundaries.
In addition, the production of spontaneous speech is more cognitively demanding
with respect to automatic speech tasks, requiring preparation, word selection and
motor articulatory control. Since speech pauses signal complex cognitive planning
processes related to the effort to communicate new information content [10, 18], the
lengthened silences and shorter phonation time can be considered an index of cogni-
tive and psychomotor retardations related to the degree of severity of depressive states
[8, 25, 31, 34, 36]. Longer silences in depressed speech suggest planning commu-
nicative efforts to maintain a regular conversation and the need for more cognitive
elaboration time [25, 31, 36]. The extra time requirements may produce inadequa-
cies in a typical interactional exchange, both for the listener that does not know how
to react to these long silences and the speaker who feels the failure of the exchange.
The requirements for extra time to express themselves reduce the phonation time,
reducing the amount of information content to be communicated. The consequence
is a social impairment that isolates these subjects and impairs the quality of their
social life.

Robust speech features for detecting depressive states might help in the imple-
mentation of automatic tools to support doctors in the early detection and diagnosis
of depression. Speech silences and phonation time seem robust enough to be auto-
matically exploited, given the significant differences measured in different speech
tasks and contexts. An early detection of depression can help patients reduce the
length of the depressive period and allow a faster recovery.

The strength of the reported results is that they are in agreement with data obtained
through different experimental set-ups, supporting the robustness of speech pauses
as feature based algorithms. However, there is the need for more data and more
thorough analyses to exploit them as depression diagnosis support.
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