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Abstract

Prosodic features anecdotally associated with the speech of
people with clinical depression include slower rate, lower pitch
range and reduced loudness, but there is a significant degree of
contradiction in the literature regarding depressed prosody.
This complex picture reflects the heterogeneity of depression
aetiology, symptomatology and prognosis. It is also likely to be
influenced by elicitation methods, in particular, whether natural
dialogue contexts are employed and whether the interlocutor’s
prosody is also considered.

We analysed 40 patient-therapist dialogues from the first
and last of 29 weekly sessions of a behavioural therapy for
refractory depression, sampling early and late in both sessions.
Across all dialogues, we found that therapists spoke faster than
patients, as expected, but in female-female therapist-patient
dialogues (the majority of our sample), patients’ articulation
rate increased substantially over the first session. Moreover,
and contrary to expectations, there was a positive correlation
between articulation rate and assessed depression severity
(PHQ-9 scale) in the final therapy session, also evident in
therapists’ speech for female-female dialogues. We suggest that
this may reflect features of anxiety in speakers with ongoing
depression and possibly also personality characteristics. We
also consider evidence for prosodic convergence between
patients and therapists.

Index Terms: clinical depression, articulation rate, dialogue,
prosodic convergence

1. Introduction

Listeners use prosody to interpret speakers’ emotional states
[1]. For example, happiness is vocally expressed and
recognised through a combination of higher pitch or pitch
range, faster articulation rate and increased loudness [2]. By
contrast, relatively low pitch and pitch range, slower speech and
reduced loudness may be interpreted as indicating sadness [3].

Transient emotional expression is mediated by longer-term
psychological states and personality traits [4]. In clinical mood
disorders, neurophysiological disturbances, affecting somatic
and autonomic nervous systems, can affect vocal production,
e.g., through their effects on respiratory function and muscular
tension [5]. Clinical depression is associated with prosodic
markers that, to a degree, mirror more transient states of
sadness, i.e., slower rate, lower pitch/pitch range, and reduced
loudness [5], [6]. Moreover, listeners can use these features to
identify speakers with clinical depression [7], although the
severity of depression is not consistently associated with the
strength of such features. Thus, for example, some studies find
lower pitch and/or pitch range to be indicative of more severe
depression [8], [9], but others report a positive correlation
between pitch features and depression severity [10].

Multiple interacting factors contribute to heterogeneity in
the vocal expression of depression. Firstly, the statistical
relationship between depression severity and prosodic features
is likely to be non-linear, at least for relatively extreme values.
Secondly, depression itself is heterogeneous, and interacts with
personality factors and use of antidepressant medication.
Comorbid anxiety states, for example, tend to increase pitch and
pitch range, contrary to the typical depressive pattern [11].
Thirdly, anatomical, physiological, cultural and linguistic
factors all impact on the vocal expression of emotional states.
Some studies find female/male differences in associations
between depression and pitch features [12], although other find
more consistency between sexes in such relationships [9].

Variable speech elicitation are another complicating factor.
Some studies find that spontaneous samples are more likely
than read speech to be correctly identified as depressed [13],
whilst others find greater reliability of depressive features in
read speech and well-practiced recitation [14].

Going beyond the elicitation issue, the nature of speakers’
relationships and the prosodic dynamics of dialogue are critical
factors to consider. Here we use “convergence” specifically for
the phenomenon wherein dialogue partners become more
similar in linguistic forms/structures and in phonetic features,
including prosody. Conversational dynamics (also embracing
accommodation, entrainment, coordination, etc. — [15] for
discussion of terminology) have long been investigated in the
literature on social aspects of language. Thus, Communication
Accommodation Theory [16] proposes that interlocutors use
convergence to reduce social distance (or create distance via
divergence). Others argue that convergence phenomena are
automatic, unconscious consequences of our cognitive
mechanisms for comprehension and production of linguistic
interactions [17].

Regardless of the level of conscious speaker control over
dialogue convergence, it is associated with perceptions of
positive interactional outcomes [18]-[20]. Thus, the impact of
personality factors on dialogue dynamics is clearly highly
relevant to the psychotherapeutic context. In one of the few
relevant studies, speakers with higher behavioural avoidance
were found to show lower levels of convergence, whilst both
higher openness and higher neuroticism are associated with
greater negatively correlated with convergence [21].

Recordings of depressed speakers in clinical interactions
have sometimes been used, for example, to demonstrate the
association between slower articulation rate and higher levels
of depression [22]. Lacking thus far, however, is consideration
of the full dynamic context of interactions, considering both the
depressed speaker and their interlocutor. More work is required
on how prosodic features may change over time, both in
individual dialogues with depressed speakers and over the
longer-term development of a therapeutic relationship.



1.1. Articulation rate in psychotherapeutic dialogues

The present exploratory study focuses on articulation rate,
as part of a broader examination of prosody in dialogues
between depressed speakers and psychotherapists [Grimes et
al., in prep]. Lower speech rate in people with depression is
partly attributable to their production of longer and more
variable pauses [14], [23]. However, even when considering
articulation rate (syllables per second excluding pauses) rather
than raw speech rate, depressed speakers are consistently found
to talk more slowly [9]. Indeed, rate measures are proposed to
be the “most promising prosodic features for recognising
depression” [5, p. 23].

The purpose of this study is to examine the evidence for
reduced articulation rate in speakers with depression in a
dialogue context, specifically, during psychotherapy sessions to
treat their depression. We measured articulation rate of patients
being treated for refractory depression, i.e., clinical depression
maintained over an extended period and resistant to earlier
treatment. Dialogue samples were taken from early and late in
the first and last of 29 therapy sessions over six months. We
also measured the articulation rate of the psychotherapists in
dialogue turns adjacent to those of the patients. Thus we looked
for evidence of articulation rate changes, by patients and
therapists, over the short-term course of therapeutic dialogues
and over the longer-term course of treatment. We also used a
clinical measure, PHQ-9 [24], to test whether articulation rate
changed with levels of depression.

2. Method

2.1. Participants

Patients were 40 volunteers (26 female) in the treatment group
of a randomized control trial testing the effectiveness of
Radically Open Dialectical Behaviour Therapy (RO DBT) [25].
All patients were 18 years of age or older, had been diagnosed
with refractory depression, had a Hamilton Rating Scale for
Depression (HRSD) [26] score of at least 15, and did not have
diagnoses of bipolar disorder, psychosis or substance
dependence. To take part in the trial, patients must have been
taking antidepressant medication for at least six weeks prior to
the start of therapy. Most patients had been diagnosed with
comorbid personality disorder, typically characterised by
overcontrol, with features including behavioural rigidity,
restrained emotional expression and limited social interaction.
Participants were recruited from UK National Health Service
(NHS) secondary care centres in Dorset, Hampshire, and North
Wales. Their English language proficiency had to be sufficient
to take part in dialogue-based treatment in English.

There were nine therapists (eight female), all dialectical
behaviour therapists with a minimum of three years’ clinical
experience (minimum age 32 years). Dialectical behaviour
therapy (DBT) is a modified form of cognitive behavioural
therapy (CBT). Each therapist worked with between two and
five patients, and all patient-therapist pairings remained
consistent between the first and last therapy sessions.

2.2. Design and Procedure
2.2.1. Selection of speech samples
Psychotherapy sessions were original recorded by video camera

for the analysis of the therapeutic benefit of RO DBT treatment
[25]. Ethical approval to analyse the speech samples for the
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current project was obtained as an extension to the original
randomized control trial NHS ethics plan (National Research
Ethics Service Committee South Central — Southampton A;
11/SC/0146), and also subject to scrutiny by university
school/faculty ethics committees (Plymouth and Newcastle).

Patient-therapist pairs were randomly extracted from the
larger study, with the constraints that patients must have
completed the six-month course of treatment and that the same
therapist was present in the first and last sessions for a specific
patient. The audio from these two therapy sessions for each
patient-therapist pair was extracted from the video and
automatically cut into four-minute sections. The first patient-
therapist exchange (see below) from the first and last four-
minute clips of the two sessions for each patient-therapist pair
were then identified by manual inspection of the audio.

An exchange was defined as sequence of patient and
therapist turns, in either order, where a furn was defined as one
person speaking for at least three seconds, following a silent
interval of at least 500ms (to avoid conversational overlap). If
a turn extended for longer than five seconds, it was cut at the
first natural break after five seconds. Therapists spoke first in
112 of the 160 exchanges identified using the above protocol.

2.2.2. Articulation rate measurements

Each identified exchange was transcribed by the second author,
who then labelled the speech into vocalic and consonantal
intervals using Praat [27] and following standard criteria [28].
Articulation rate (syllables per second) was calculated as the
number of vocalic intervals (as a proxy for syllables), divided
by the duration of the turn excluding pauses. Pauses were
defined as periods of silence longer than 200ms that were not
associated with articulatory gestures

2.2.3. Depression measure

The PHQ-9 (Patient Health Questionnaire) [24] is a nine-item
self-report questionnaire for assessment of depression, with
scores range from 0 to 28, and higher scores indicating stronger
depressive symptoms. Questionnaires were administered in
both of the treatment sessions for which speech was analysed.

2.3. Statistical analysis

The effects of Role (patient/therapist), Session (first/last) and
Sample (early/late within session) were analysed with mixed-
effects regression models using the lme4 package in R [29].
Pairing (patient-therapist) was a random intercept. Fixed effects
were assessed in model comparisons via likelihood ratio tests.

3. Results

3.1. Patient and therapist articulation rate

3.1.1. All patient-therapist pairings

Mean articulation rates by Role, Session and Sample are shown
in Figure 1. As expected, there was an effect of Role, with
therapist articulation rate faster than patient rate, X>(1) = 9.079,
p = .0026. There was no effect of Session, X*(1) = 0.012, p =
.91, or Sample (early/late within session) X*(1) = 0.39, p = .53.
There were no interactions between Role and Session, X*(1) =
0.18, p = .67, or Role and Sample, X?(1) = 0.25, p = .62. There
was a marginal interaction between Session and Sample, X*(1)
=0.18, p=.089. Figure 1 indicates that patients tended to speak



more quickly towards the end of the first session than at the
start, which is the most likely reason for this trend, explored in
more depth in the analysis of the female-female dialogues.
There was no threeway interaction between Role, Session and
Sample, X*(1) = 1.54, p = .21.
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Figure 1: All dialogue pairs — patient and therapist
articulation rate by session (first/last) and
sample within session (early/late).

3.1.2.  Female-female patient-therapist pairings

As part of the broader prosodic analysis [Grimes et al., in prep],
we separately analysed the subset of dialogues that featured
both a female patient and a female therapist (23 of the 40
dialogue pairs). This was in part to achieve greater
comparability on pitch measures for the extended analysis, but
also because sex differences have been reported in phonetic
convergence and/or accommodation [30], [31].

Therapists in female-female dialogues (Figure 2) had faster
articulation rate than patients, shown by a main effect of Role,
X*(1)=19.34, p < .0001. There was no effect of Session, X*(1)
=0.23, p=.63, or Sample, X?(1) = 0.60, p = .44. There were no
interactions between Role and Session, X?(1) =0.033, p = 0.86,
Role and Sample, X?(1) =0.78, p = .38, or Session and Sample,
X*(1)=1.33, p=.25. There was a threeway interaction between
Role, Session, and Sample within session, X*(1) = 4.90, p =
.027. Figure 2 indicates that this is due to patient rate increasing
substantially between early and late samples in the first therapy
session, #(22) = -2.40, p = .025 (two-tailed), a trend that was
also evident, to a lesser degree, in the full sample (Figure 1).

3.2. Depression scores and articulation rate

Patients’ mean PHQ-9 scores were 19.8 in the first session and
13.5 in the final session, indicating that many patients (although
not all) had an alleviation of depressive symptoms over the six
months of therapy, #(39) = 5.349, p <.001.

To test for the expected association between higher levels
of depression and lower articulation rate, we looked separately
at the first and last sessions (taking the mean rate within
sessions). For the first therapy session, considering all 40
patient-therapist pairs, PHQ-9 scores were not correlated with
articulation rate, #(38) = -0.13, p = .42. There was an
unexpected positive correlation in the last session, however,
7(38) =0.36, p = .021. Similar patterns were found for female-
female patient-therapist pairs, although the last session
correlation was only marginally significant: first session, #(21)
=-0.19, p = .40; last session, #(21) = 0.38, p = .076.

White, L., & Grimes, H., (2022). Articulation rate in
psychotherapeutic dialogues for depression: patients and
therapists. Proceedings of Speech Prosody 11, Lisbon, 2022.

H Patient Therapist

5
o
b
=
= B o1f B B
(]
5 4 i
c
iel
® 3.5
é Early Late Early Late
<

First Session Last Session

Figure 2: Female-female dialogue pairs — patient and
therapist articulation rate by session (first/last) and
sample within session (early/late).

Finally, we examined whether therapists’ articulation rate
reflected patients’ level of depression, again taking mean rate
separately for the first and last therapy sessions. Considering all
patient-therapist pairs, there were no correlations between
therapists’ articulation rate and patients’ PHQ-9 scores for
either session: first, #(38) =-0.03, p = .87; last session, 7(38) =
0.21, p = .19. For female-female patient-therapist pairs,
however, whilst there was no association between therapists’
articulation rate and patients’ PHQ-9 scores for the first session,
r(21)=0.15, p = .51, there was a positive correlation for the last
session, 7#(21) =0.50, p = .015.

Thus, patients with higher levels of depression spoke more
quickly in the final session. Similarly, therapists in female-only
dialogue pairs spoke more quickly in the final session to
patients with higher levels of depression. Possible explanations
for this unexpectedly positive association between articulation
rate and depression level are considered below.

4. Discussion

We measured the articulation rates of people with refractory
depression and their psychotherapists in the first and last
psychotherapy sessions of a six-month course of experimental
RO DBT treatment [25]. As expected, patients had lower
articulation rate than psychotherapists, a difference that did not
change over the course of therapy (as indicated by the lack of
interaction between Role and Session). The only evidence of a
significant change in articulation rate was in the first session,
where a threeway interaction indicated that patients spoke more
quickly towards the end of the session than at the beginning, a
difference that was statistically reliable in female-female
dialogues (Figure 2).

The finding of lower articulation rate in speakers with
depression is expected and concurs with most of the foregoing
literature regarding the prosodic characteristics of depressed
speech [5]. The lack of change in articulation rate over the six-
month course of treatment appears surprising, however, bearing
in mind that, overall, patients do show evidence of relief in
depressive symptoms between the start and end of therapy, as
indicated by PHQ-9 scores. Moreover, there were no
correlations between individual patients’ PHQ-9 scores and
their articulation rate in the first session of therapy.

The final, and unexpected, finding with regard to patients’
speech was a positive correlation, in the last therapy session,
between PHQ-9 depression scores and articulation rate: i.e.,



more depressed patients spoke more quickly. This trend was
also mirrored in the articulation rate of therapists in female-
female dialogues, who spoke more quickly to patients with
higher PHQ-9 depression scores in the last therapy session.

A number of factors are likely to contribute to the general
lack of change in articulation rate over the six months of
therapy. Firstly, while the majority patients did experience an
alleviation in symptoms of depression, that was not true of all
of those involved therapy. Secondly, the depressed speakers in
this study were specifically selected because of their
longstanding depressive symptoms, which had previously
proved resistant to treatment. Whilst PHQ-9 scores indicate
some relief, that does not mean that most speakers were free of
depressive symptoms at the end of treatment.

Thirdly, and perhaps most importantly, most of the
depressed speakers had diagnoses of comorbid personality
disorders, typically characterised by overcontrol, including
features of social isolation and restrained emotional expression.
This is a critical point for future studies of depressive prosody
and its development over time: it may be that certain speakers
tend to exhibit prosodic patterns — such as reduced articulation
rate, increased pause length and greater pause frequency — that
are characteristic of depressed speech, even in periods when
they are not diagnosed as clinically depressed.

As the literature on conversational dynamics demonstrates,
features of spoken interaction such as prosodic convergence can
contribute to positive feelings about the outcome of
interactions, and — conversely — positive attitudes towards
conversational partners are likely to promote the emergence of
convergence features [32], [33]. Whether convergence
facilitates positive interpersonal feelings or is a consequence of
them is beyond the scope of the present discussion, although the
evidence suggests that the relationship is reciprocal. A
hypothesis worthy of further investigation, however, is that
some speakers who consistently fail to manifest convergence in
prosody and other dialogue features — along with
accommodation and other elements of interactional dynamics
hypothesised to be prosocial — may tend to experience less
rewarding interactions that over time, could in themselves be
depressogenic. Indeed, RO DBT therapy — investigated in the
original study for which the recordings used here were made —
had the social nature of interaction as a key aspect of its
therapeutic purpose: “RO DBT is the first treatment known to
us to target deficits in social signalling as the main problem
underlying overcontrolled emotional loneliness” [25, p. 210].

The above discussion addresses the overall lack of change
in patients’ articulation rate over time, despite the lowering of
depression scores. This might be taken as evidence of atypical
prosodic features that are relatively resistant to general-purpose
treatment for depression. This exploratory study was not
specifically designed, however, to examine prosodic
convergence features of therapeutic dialogues. More samples
over the course of dialogues would be required, allied to
specific  statistical techniques to map point-by-point
associations between patients’ and therapists’ speech.
Moreover, the first and last therapy sessions may be not be the
most typical for a study of natural prosodic dynamics, and
future work should sample from a wider range of sessions.

It is worthy of note, however, that patients in female-female
dialogues do show an increase in rate over the course of the first
therapy session. Although this is obviously in the direction of
convergence with the therapists’ articulation rate, we would not
argue that this is evidence of convergence per se. The most
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parsimonious explanation is that articulation rate increases as
speakers become more engaged in the interaction, in line with
the observation that the manifestation of depressive prosody
may decrease with greater task engagement [13].

Unexpectedly, we found a positive correlation, in the last
session, between PHQ-9 depression scores and articulation rate.
We offer only tentative interpretations at this stage. Firstly,
patients with ongoing depression are perhaps more likely to feel
high levels of anxiety concerning the end of treatment, and
anxiety states can be associated with prosodic patterns that are
rather different from those typical of depression [11]. Secondly,
speeding up speech is an obvious strategy for increasing the
amount of information transmitted when time is short, which
could be more of an imperative for patients with higher ongoing
levels of depression at the end of a course of treatment.

Whilst there was little evidence of change in therapists’
articulation rate either within sessions or over the course of
treatment, we did find that therapists spoke more quickly to
patients with higher levels of depression in the last session. As
with the similar finding for patients, this may reflect a need to
maximise the utility of the remaining time for those patients for
whom further treatment might be desired.

5. Conclusion

There are many aspects of the prosody of therapeutic
interactions that remain to be thoroughly investigated, but this
exploratory study points to the importance of considering the
speech patterns of both patients and therapists, and examining
the dynamics of their development over shorter and longer
timescales. Strong patient-therapist relationships are key
predictor of positive outcomes in treatment for depression [34].
Given the established role of prosodic convergence in
promoting and reflecting positive dialogue outcomes, we
recommend closer investigation of therapists’ prosody and its
impact on the therapeutic relationship.
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