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Abstract

Background: The current study examined the effects of depression on vowel production
and vowel space area (VSA). Depressed speech was compared to that of healthy controls to
determine whether vowels differed quantitatively according to the first (F1) and second (F2)
formants. VSA measures were also analysed in relative to depression severity to determine
whether these were clinically meaningful indicators of affective state.

Research design and methods: Vowels were extracted from the read speech of nine de-
pressed and nine healthy participants over four recording time points. Raw formant values
were normalised and plotted to compare group means. VSA measures were examined in
relation to depression severity using Kendall’s tau. The predictive value of diagnostic group
for formant measurements (F1 and F2) were assessed using linear mixed effect models.

Results: Variable differences emerged for vowel types between depressed and healthy par-
ticipants. Significant interactions emerged for group and vowel type, with groupwise mean
comparisons indicating that low vowels /e&/ and /a/ are disproportionately affected by de-
pressive status. Global VSA measures were not significantly correlated with depression
severity scores due to these asymmetric effects.

Discussion and implications: Specific vowels may be linked to depressive diagnosis based
on a combination of motor incoordination and facial tension, particularly with respect to
jaw and tongue height. Global measures of VSA were not sensitive indicators of depressive
symptom severity.

1. Introduction

Depression is consistently proving to be one of the most common mental health conditions in
our lifetime, with prevalence rates reaching as high as 27% in a recent meta-analysis (WANG
ET AL., 2017). In particular, a significant portion of these symptoms were prevalent in clinical
outpatients as compared to healthy control, with rates peaking around individuals aged 30—40
years old, and again at 80-90 years of age. Given the fact that such a high number of individuals
will experience a depressive episode in their lifetime, it is becoming ever more apparent that
accurate diagnosis of depression is necessary to initiate earlier interventions and management
strategies.

The voice has long been considered a prime candidate for insight into mental health status
(HALL ET AL., 1995; SOBIN & SACKEIM, 1997), effectively providing information in a low-
cost manner both in terms of equipment and effort on the part of the speaker. Previous research
into the depressed voice has centred around investigations of pitch (e.g. ALPERT ET AL., 2001;
CANNIZZARO ET AL., 2004; DARBY ET AL., 1984; KUNY & STASSEN, 1993; MUNDT
ET AL., 2007; NILSONNE ET AL., 1988; QUATIERI & MALYSKA, 2012; TOLKMITT ET
AL., 1982; YANG ET AL., 2012), loudness (ALPERT ET AL., 2001; DARBY ET AL., 1984;
KUNY & STASSEN, 1993; STASSEN ET AL., 1991) and pausing behaviours (ALPERT ET
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AL., 2001; CANNIZZARO ET AL., 2004; MUNDT ET AL., 2007, 2012; STASSEN ET AL,.
1998; TREVINO ET AL., 2011). Little consensus has been achieved with regards to any of the
aforementioned parameters, as individual variability and heterogeneous research designs make
for difficult comparisons of the effect of depression on speech between studies. For example,
an early study by Darby and colleagues (1984) reported pre- and post-intervention differences
in loudness variation, with levels significantly increasing with response to treatment. However,
these results were only found to a mild extent (KUNY & STASSEN, 1993), or non-significantly
(ALPERT ET AL., 2001) in more recent investigations. A lack of consistency in inclusion
criteria diagnostic cut-offs, speech tasks and recording conditions all may be impacting the
generalisability of these results for future research. The most promising feature does appear to
be speech pausing time (cf. CUMMINS ET AL., 2015), with depressed speakers often engaging
in more frequent and longer pauses as compared to healthy controls; this behaviour also changes
in response to treatment (MUNDT ET AL., 2007, 2012).

More recently, fine-grained analysis into phoneme production and articulation have emerged
as potentially promising variables in investigations of depressive speech, linking in with psy-
chomotor symptoms commonly seen in depression and other mental health diagnoses. Imaging
studies have demonstrated that motor coordination may be impaired in depression due to a de-
crease of dopamine in the nigrostriatal pathway and basal ganglia (e.g. DAILLY ET AL., 2004),
causing downstream impairments in initiating movement, maintaining motor control and ab-
normal muscle tension (CALIGIURI & ELLWANGER, 2000; WALTHER ET AL., 2012). These
changes have compounding effects on speech, resulting in decreased articulator and laryngeal
control, and can be exhibited in findings such as increased perturbation measures (i.e. jitter and
shimmer) in depressed as compared to healthy speakers (OZDAS ET AL., 2004; QUATIERI &
MALYSKA, 2012), as well as articulatory undershoot evidenced through decreased F1 mea-
surements in treatment-resistant depressed individuals (MUNDT ET AL., 2012)

Specifically with regard to articulatory control in vowel productions, studies have shown that in-
dividuals with depression exhibit formant differences from healthy controls. An early study by
FLINT and colleagues (1993) demonstrated a reduction in F2 transitions on the vowels in ‘light’
and ‘dial’ ([a1] and [are]) by depressed speakers. A more recent study (France et al., 2000)
analysed existing audiotape recordings of interviews being unmedicated depressed women and
their therapists, the latter of which were used as healthy controls. Results suggest that women
with depression produced elevated first formant frequencies as compared to this healthy control
group, an articulatory pattern linked to less opening of the jaw and/or tongue (LINDBLOM &
SUNDBERG, 1971). The authors posited these changes may have been due to an increase in
muscle tone (which would particularly affect the jaw) and rigidity in the depressed women’s
vocal tracts, potentially affecting the ability to meet acoustic targets along the first formant axis
and resulting in the demonstrated findings of centralised vowel productions

Vowel Space Area (VSA) measures have also emerged in recent years as a promising estimation
of speech motor control. Measured using the triangular (L1U ET AL., 2005) or quadrilateral
corner vowels (GOBERMAN & ELMER, 2005), VSA can be utilised to observe compression
or expansion of the vowel space within—as well as between—speakers to track systematic
variation using the Euclidean distance between coordinates in the first formant (F1) and second
formant (F2) space. Vowel space compression has been linked to reduced intelligibility or
casual speech (BRADLOW ET AL., 1996; FOURAKIS, 1991). To date, one previous study has
investigated VSA in depressed speech (SCHERER ET AL., 2015), with results suggesting that
depressed speech in both conversational and read conditions demonstrating decreased overall
space. However, this study utilised only 3 corner vowels to develop the measure (/i/, /&/ and
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/u/), neglecting to include other vowels in the formation of the overall space, and only analysed
the speech of North American English speakers.

1.1. Current exploratory study

The current study aims to assess the clinical utility of vowel formant and VSA measures as
sensitive indicators of depression in speakers of British English, and will answer the questions:

e Do individuals with depression produce vowels that are significantly different (with re-
spect to F1 and F2) as compared to healthy controls?

e [s there evidence to suggest that VSA measures are clinically meaningful indicators of
depression and depressive severity?

2. Participants and Methods
2.1. Participants

Recordings were utilised from a pilot acoustic analysis study investigating depressed speech
at Newcastle University. As such, there was no control for dialect in recruitment of partici-
pants; however, the majority involved had spent the majority of their lives in the Newcastle or
Sunderland area, and had a Tyneside, Northwestern or Southeast Scottish accent. The wide
variety of accents was balanced amongst groups and genders. All speakers were also native
monolingual English speakers. In this study, nine depressed (five females, four males) and nine
non-depressed controls (five females, four males) were recruited for participation. The control
group consisted of adults aged 18—65 with no history of speech disorders or mental illness, as
assessed by a psychiatric interview tool (MINI; Sheehan et al., 1998). The depressed group
consisted of adults aged 18—-65 with a diagnosis of depression without history of bipolar disor-
der. Descriptive information concerning age, baseline depression severity score and dialect are
described in Table 1. The Hamilton Depression Rating Scale (HAMD-17; HAMILTON, 1960)
was used to assess baseline severity; scores can range from 0-52, with higher scores denoting
worse symptomatology.

2.2. Experimental procedure

This exploratory study was a longitudinal, comparison-based study, with four time points of
data collection spread out over 26 weeks. At baseline, written consent from each participant
was obtained, and a HAMD-17 (HAMILTON, 1960) and QIDS-SR16 (RUSH ET AL., 2006)
were completed. The QIDS-SR16 is a 16-item self-report survey asking about symptoms such
as appetite, feelings of guilt and sadness and psychomotor activity; larger scores represent more
severe symptomatology. This was followed by a short five minute speech recording. At 8-, 16-
and 26-weeks post baseline, participants were asked to revisit the clinic to complete the QIDS-
SR16 and another five-minute speech recording. It should be noted that several participants
completed less than four recordings for the final analysis due to missed appointments and/or an
unacceptable amount of background in the recording.
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Depressed group Healthy group
No. of subjects 9 9
No. of males/females (M/F) 4M/5F 4M/5F
Age (years) 46.3 (£ 9.8) 42.6 (4 12.5)
HAMD-17 baseline score 15.6 (£5.2) 1.7 (£ 1.7)
Dialects 2 Tyneside English (IM/1F) 2 Tyneside English (2M)
6 General Northern English 6 General Northern English
(3M/3F) (4M/2F)
1 Southeastern Scottish (1F) 1 Southeastern Scottish (1F)
Ethnicity 8 White British 9 White British
1 British ‘Other’
Minimum educational All college educated or further education

attainment

Table 1: Characteristics of recruited participants.

For the purposes of this study, vowel formant measurements were averaged over the trimmed
80% central portion of each labelled segment. Recordings were run through a forced align-
ment program (pyalign), an implementation of the Penn Forced Aligner (YUAN & LIBERMAN,
2008) and visually checked in Praat (BOERSMA & WEENINK, 2019). A custom script in
Praat provided the values for each vowel produced in a given speech task, per participant. Each
vowel segment was perceptually evaluated and checked against the alignment program’s as-
signed ARPABET label to assess accuracy. A total of 2,128 tokens were extracted from the
depressed participants’ speech, and 2,172 from the healthy participants’ speech (51% and 49%
of the total vowel tokens analysed, respectively).

2.3. Statistical analyses

All statistical analyses were completed in R. After removing outliers which lay outwith 2 stan-
dard deviations from the individual’s vowel means, a linear mixed effects model was used to
assess difference in each of the formants (e.g. F1 and F2). Fixed effects included diagnostic
group, vowel type, vowel duration and one interaction term between Group and Vowel. Speaker
and word context were included as random effects.

Correlational analyses were also completed using Kendall’s 7 (KENDALL & GIBBONS, 1990)
to assess correlations between Polygon and Hull Area measures and QIDS-SR16 scores within
the read speech samples. Although less powerful of a test than Pearson’s r, Kendall’s 7 is less
sensitive to non-parametric distributions.

2.4. Acoustic variables

To negate coarticulation effects, F1 and F2 values were extracted from the central 80% of the
vowels /i@ uopo/ (cf. KENT & VORPERIAN, 2018). All F1 and F2 values were normalised
according to the Lobanov procedure (LOBANOV, 1971) which directly transforms raw Hz into
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Z-Scores.

VSA was measured using the polygon area produced by the mean values for each vowel (e.g.
Fox & JACIEwICzZ, 2008) as well as the area of the convex hull defined as the area encom-
passing all vowel tokens (SANDOVAL ET AL., 2013).

2.5. Recording procedure

All recordings were made using a Neumann 189 condenser microphone with an omnidirec-
tional polar pattern in a small clinical interview room. The microphone to mouth distance was
maintained at 20 cm. Participants were asked to read the ‘Dog and Duck’ story (BROWN &
DOCHERTY, 1995), read out nine phonetically balanced sentences and speak for 30 seconds
about an emotionally neutral topic at each data collection timepoint.

3. Results
3.1. Vowel formant differences

Fixed factors were assessed separately to check impact on the overall goodness-of-fit to the
dataset. Having a diagnosis of depression significantly predicted F1 (b = -0.378, #(21.67) =
-3.408, p < .001), with the coefficient denoting a negative relationship between diagnosis and
this formant; depressed speakers produced lower F1 values as compared to healthy counterparts.

A significant interaction predictive of F1 was Group x Vowel. A groupwise comparison of
means (using the Tukey method; TUKEY, 1949) provided insight into which particular vowels
were affected in depression, given the fact that asymmetrical differences were ascertained from
visual inspection of the vowel plots. As demonstrated in Figure 1, low vowels /& n/ were sig-
nificantly different between depressed and healthy speakers, with depressed speakers producing
these with lower F1 values (i.e. raised productions).

A secondary linear mixed effect model for F2 exhibited no predictive value of including Group
as a predictive factor (b =-0.02 , #(19.95) =-0.187, p < .05).

3.2. VSA measures

Results from correlational analyses demonstrate no significant correlations between either of
the VSA measures and depression severity scores (7 = .056, p < .05 and 7 =.222, p < .05, for
polygon area and hull area, respectively).
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0
% 0 | ?4;, Vowel b SE t p
£ O | Depressed /o/ 0378 0111 3.408 0.03
5 - Y Jae/ 0362 0.109 3.323 0.04
© | \ /\ /o/ 0302 0113 2.683 ns
' S 2 /if 0.031 0.110 0.283 ns

aa  ae a0 i 0 " fo/ 0.201 0.110 1.822 ns
Vowel Juf 0.042 0.112 0376 ns

Figure 1: Normalised differences in F1 by diagnostic group and vowel type, with a summary of
vowel type as a fixed effect. ARPABET symbols are utilised on the x-axis, where aa refers to
/o/ and ao refers to /5/.

4. Discussion
4.1. Vowel formant differences

Results support previous findings (e.g. FRANCE ET AL., 2000; MUNDT ET AL., 2012) that the
first formant is particularly salient as an indicator of depression in speech. From visual inspec-
tion of the vowel plot alone, it is apparent that depression affects vowels asymmetrically, with
certain vowels being produced at the same location in the oral cavity and others demonstrating
substantial differences. This finding echoes that of a similar study carried out in Parkinson’s
disease patients (BANG ET AL., 2013), where centralisation of vowels were seen on some vow-
els (/a e i/) but not others (/u/). Authors attributed the overall reduction in vowel space area to
be due to the effects of these specific vowels, possibly as a side effect of articulatory undershoot
due to reduced range of movement.

Muscle tension also may be a causal factor in the decreased first formant of low vowels due
to a reduction in jaw opening and corresponding changes to tongue height. Previous research
has linked depression with decreased facial muscle activity (GEHRICKE & SHAPIRO, 2000),
although this was specifically inspected over the brow and cheek region of the face, rather than
the jaw. It may be that facial tension extends across regions of the face, and upper facial tension
may also coincide with tension in the jaw and articulators.

4.2. VSA measures

Given the findings of asymmetric vowel effects, it is not surprising then to find that Polygon and
Hull global VSA measures were not related to any of the depressed participants’ QIDS-SR16
scores. Results do align with findings by SCHERER and colleagues (2015), whereby VSA was
not systematically reduced in individuals with depression as compared to healthy controls in
read speech, although that study did produce significant findings between groups under con-
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versational speech conditions. It may be that speech task itself plays an important role in the
articulatory behaviour of depressed individuals, with read speech possibly being hyperarticu-
lated or spoken in a clearer voice, thus negating any effects the mental health condition may
have on total vowel space (BRADLOW ET AL., 1996).

5. Conclusion

This study was the first known cross-dialectal investigation into assessment of vowel produc-
tions within depressed speech as compared to healthy individuals. Findings provide support to
the theory that depressive abnormal vowel articulations affect formants asymmetrically, with
F1 appearing to be demonstrably different between healthy and depressed individuals. Global
measures of VSA and ED may not be applicable in depressive speech investigations given these
asymmetric vowel effects. More sensitive measures of vowel productions, possibly based on F1
only, may be more clinically meaningful indicators of worsening depressive symptomatology.

Future research may wish to tease further assess this distinction between males and females
in the expression of psychomotor behaviours. Previous research has determined gender-based
differences in vowel articulation (e.g. SIMPSON, 2001, 2002, 2003; WEIRICH & SIMPSON,
20144, 2018), as well as vowel space area (HILLENBRAND ET AL., 1995; SIMPSON & ER-
ICSDOTTER, 2007; WEIRICH & SIMPSON, 2014B) and vowel duration (WEIRICH & SIMP-
SON, 2018). Studies have linked these findings to variation in pharyngeal constriction, which
may be more complete in male speakers, while also pointing to female speakers’ tendency to
use more of their articulatory space in speech than males (WEIRICH & SIMPSON, 2018). The
current findings provide further supportive evidence for gender-based differences in articulatory
targets between male and female speakers.

This study was limited in the fact that there was no control for dialect within the groups; al-
though each group had fairly even distribution of accents, it would be prudent to revisit these
findings in samples with one identifiable dialect.
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