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Abstract 

Speech output has long been considered a sensitive marker of a person’s mental state. 

It has been previously examined as a possible biomarker for diagnosis and treatment 

response for certain mental health conditions, including clinical depression. To date, it has 

been difficult to draw robust conclusions from past results due to diversity in samples, speech 

material, investigated parameters, and analytical methods.  

Within this exploratory study of speech in clinically depressed individuals, articulatory and 

phonatory behaviours are examined in relation to psychomotor symptom profiles and overall 

symptom severity. A systematic review provided context from the existing body of knowledge 

on the effects of depression on speech, and provided context for experimental setup within 

this body of work. Examinations of vowel space, monophthong, and diphthong productions as 

well as a multivariate acoustic analysis of other speech parameters (e.g., F0 range, 

perturbation measures, composite measures, etc.) are undertaken with the goal of creating a 

working model of the effects of depression on speech. Initial results demonstrate that overall 

vowel space area was not different between depressed and healthy speakers, but on closer 

inspection, this was due to more specific deficits seen in depressed patients along the first 

formant (F1) axis. Speakers with depression were more likely to produce centralised vowels 

along F1, as compared to F2—and this was more pronounced for low-front vowels, which are 

more complex given the degree of tongue-jaw coupling required for production. This pattern 

was seen in both monophthong and diphthong productions. Other articulatory and phonatory 

measures were inspected in a factor analysis as well, suggesting additional vocal biomarkers 

for consideration in diagnosis and treatment assessment of depression—including aperiodicity 

measures (e.g., higher shimmer and jitter), changes in spectral slope and tilt, and additive 

noise measures such as increased harmonics-to-noise ratio. Intonation was also affected by 

diagnostic status, but only for specific speech tasks. These results suggest that laryngeal and 

articulatory control is reduced by depression.  

Findings support the clinical utility of combining Ellgring and Scherer’s (1996) 

psychomotor retardation and social-emotional hypotheses to explain the effects of depression 

on speech, which suggest observed changes are due to a combination of cognitive, psycho-

physiological and motoric mechanisms. Ultimately, depressive speech is able to be modelled 

along a continuum of hypo- to hyper-speech, where depressed individuals are able to assess 

communicative situations, assess speech requirements, and then engage in the minimum 

amount of motoric output necessary to convey their message. As speakers fluctuate with 

depressive symptoms throughout the course of their disorder, they move along the hypo-

hyper-speech continuum and their speech is impacted accordingly.  
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Recommendations for future clinical investigations of the effects of depression on speech 

are also presented, including suggestions for recording and reporting standards. Results 

contribute towards cross-disciplinary research into speech analysis between the fields of 

psychiatry, computer science, and speech science.  
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Structure of Dissertation 

As this dissertation spans several fields of research, including speech science, 

psychology and computer science, special consideration was given to structuring the thesis in 

a format that is accessible across various disciplines. To this end, the initial chapters (Chapter 

1: Depression, Chapter 2: Principles of Speech Production,) are detailed introductions to those 

separate fields in an effort to provide a foundation of terminology, key issues and gaps of 

knowledge where future research may serve to focus.  

Chapter 1 details the pathophysiology of depression, outlining key systemic and functional 

changes that co-occur with depressive diagnoses. This will also identify areas of overlap 

between neural structures and circuitry affected in depression and by the various speech 

production processes. The chapter will present the reader with a broad understanding of the 

disorder, and provide a foundation with which to discuss the experimental results in later 

chapters. As the experiments in this study also point to differences in the vocal presentation 

of depression associated with different psychomotor symptoms, the chapter will also detail 

psychomotor changes associated with depression and how these profiles are categorised by 

mental health professionals.  

In Chapter 2, the reader is introduced to the five core processes in speech production, 

highlighting areas that have not yet been investigated in clinical psychiatry, as well as causal 

mechanisms behind each process. Within one of the latter experimental chapters, vowel space 

and specific vowel productions are utilised as speech material for analysis, and as such, the 

final portion of this chapter details the vowel system in the English language as well as the 

hierarchy of articulatory complexity. This chapter, coupled with the previous one outlining 

depression, provide the foundation for the literature review in the following chapter.  

Chapter 3 combines the foundation provided by the preceding two chapters to provide a 

comprehensive literature review of speech changes observed in individuals with depression. 

Prior to exploring these results, the reader is provided with contextual information regarding 

heterogeneity in research designs, recording conditions and normalisation techniques; these 

should all be taken into consideration when undertaking any speech-related experimental 

work. With these caveats explained, findings of depressive vocal biomarkers are presented 

and gaps highlighted to identify areas where this dissertation enhances the growing body of 

research. This body of work will attempt to bridge these highlighted areas with experiments 

reviewing multiple speech processes in depressed speakers. Given that certain processes 

(e.g., articulation and phonation) have not been extensively studied previously (or have been 

erroneously defined in earlier works), both articulatory and phonatory behaviours in individuals 
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with depression may be useful avenues for exploration when defining vocal profiles for the 

purposes of diagnosis and monitoring of symptoms.  

Building on one of these gaps, Chapter 4 includes a systematic review of the literature 

specifically relating to vocal parameters and treatment response in depression—this avenue 

was specifically chosen given the fact that previous work has focused on voice monitoring for 

diagnostic purposes, rather than assessing changes in symptom severity. Results highlight 

vocal changes that co-occur with changes in symptom severity scores, alluding to speech 

variables that may be pertinent to include in future treatment response studies. Some 

parameters are not well understood—both in the context of diagnosis and monitoring of 

treatment response in depressed individuals. It is these parameters that are taken forward in 

further experimental chapters to examine their clinical utility in differentiating depressed and 

healthy speakers.  

As a precursor to the penultimate experimental chapters, Chapter 5 outlines the methods 

used in data collection and pre-processing of speech samples for this dissertation. All 

experiments in this body of work utilise the same database of speech recordings for analysis.  

Chapters 6 through 8 are experimental chapters examining articulatory processes relating 

to vowel productions in depressed and healthy speakers. As these chapters all focus on 

separate measures of articulation, each chapter details a literature review as well as 

background to the chosen analytical technique(s). Data labelling and measurement extraction 

are also outlined where these differ from those detailed in Chapter 5. Findings across these 

experiments point to the clinical utility of examining specific articulation behaviours rather than 

global ones (i.e. monitoring changes at speech sound level rather than assessing overall vowel 

space area). Results also suggest that certain vowels are more affected than others by 

depression, and these are discussed in relation to theories of neurobiology and articulation. 

A factor analysis is completed in Chapter 9 to combine additional vocal parameters into 

three components representing an individual’s vocal profile. As there is a plethora of 

measurements previously examined in the literature and currently available to extract via 

smartphone applications and software, this chapter provides an overview of which are 

statistically robust to carry forward in the search for easily accessible vocal biomarkers of 

depression. Once again, certain measures appear to be more affected in depression than 

others, particularly by psychomotor profile.  

Finally, Chapter 10 integrates findings from the previous literature review, systematic 

review, and experimental chapters . A working model of depressive effects on speech is 

presented, incorporating causal mechanisms, observable symptoms, and directionality of 

variable measures in depressed speech. Limitations of the present dissertation, as well as 
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recommendations for best practice in future investigations are also listed to provide the reader 

with a map of areas still requiring exploration in the field. This final chapter provides a roadmap 

for future researchers to build upon when examining speech processes in individuals with 

depression as a means of monitoring symptoms and empowering those with the disorder to 

track and assess themselves.  
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Aims and Objectives of Thesis  

The voice is known to be a complex target for research – the sheer range of intra- and 

inter-individual idiosyncrasies makes its measurement complicated and prone to bias.  That 

has not stopped researchers from assessing its utility in diagnosing a wide range of health 

conditions, from cardiac events (e.g., the Danish start-up Corti1), to sports-related concussions 

and head injuries (e.g., Banks, 2019) and mental health conditions – the latter of which has 

been evaluated in bipolar disorder (e.g., Karam, et. al., 2014), schizophrenia (e.g., Docherty, 

2005) and others. That relationship between speech and mental health is still being mapped 

by speech scientists, computer scientists and clinical health professionals alike, and has been 

the recent subject of many artificial intelligence and machine learning IEEE challenges (e.g., 

Williamson et al., 2019) and proof-of-concept studies in mobile health applications (e.g., 

Aradhana et al., 2019). 

When viewing the recent surge of interest in voice and speech analysis for the purposes 

of health diagnosis and therapeutic evaluations, it is easy to come to the impression that this 

has become a widespread and well-established addition to clinical literature. However, voice 

and speech analysis in this arena comes with many associated difficulties (outlined in this 

thesis in Chapter 3, see Figure 3.1, pg. 32), and its correlation with wellbeing is fraught with 

confounding variables and measurement biases (e.g., speaker accent, smoking behaviours, 

age, environmental factors such as external noise, microphone settings and others).  

These difficulties are multiplied by those related to measuring depression and other 

mental health disorders.  Over 1500 symptomatic profiles of depression exist when using 

current diagnostic tools (see Table 1.1, pg. 11 in Chapter 1 for an overview), and individuals 

with depression are not static in their symptomatic profiles over time (e.g., Musliner, Munk-

Olsen, Eaton and Zandi, 2016). Depression is a dynamic disorder, and as such, any change 

(vocal or otherwise) that co-occurs with the disorder will also not remain static over time, 

causing further difficulties with measurement and assessment. Fraught with these 

considerations, why then, would anyone wish to study speech and voice as it is affected by 

depression?  

Previous research has been able to uncover certain recurring patterns in depressive 

patients – monopitch, changes in loudness, perturbation and others (for a full literature review, 

please see Chapter 3). This piece of work builds on the results of research from the past forty 

years, identifying changes in the speech signal that may assist in the diagnosis and 

assessment of symptoms in the mental health disorder. This thesis was designed to have 

                                                           
1 Løck, S. & Moynihan, Q. “How a startup predicts heart failure over phone calls using AI and speech recognition,” 
Business Insider, August 5th, 2021.  
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breadth in the number of parameters assessed (e.g., this is the first examination of diphthong 

production in depressed speakers), as well as depth of analysis when combining results into 

an explanatory model (see Chapter 10, Figure 10.1 – 10.4, pp. 271 - 274).  

Despite the aforementioned difficulties, there are still reasons to measure depression and 

speech changes for the purposes of clinical care. More and more, clinical healthcare is being 

“democratised” into the hands of the patient through mobile wellbeing apps (e.g., Steinhubl, 

Muse and Topol, 2015; Yang et al., 2019) and telehealth interventions, particularly in a post-

COVID-19 world where accessing face-to-face healthcare has still not returned to pre-

pandemic levels. This trend will only increase as more digital interventions take hold, 

particularly in the case of depression where nearly 300 apps exist in the Apple and Google 

app stores for therapeutic interventions (Marshall, Dunstan and Bartik, 2019).  

 The objectives of this research are therefore twofold in nature. Using a multivariate view 

of depressive speech, the experiments in this thesis aims to uncover clusters of changes that 

co-occur in relation to depressive status, as compared to healthy speakers. Previous research 

in the 1980s and 1990s focused specifically on this for diagnosis, to aid practitioners in 

identifying cases of depression (e.g., Flint et al., 1992, Stassen et al., 1991, Tolkmitt et al., 

1982), sometimes from participant samples of other mental disorders such as schizophrenia. 

But as diagnostic tools have evolved, and as rates of incidence for depression have increased 

(see Chapter 1), the need for identification has made way for a requirement of “monitoring”—

evaluation of severity of symptoms over time, particularly useful for self-assessment or 

telehealth interventions. As such, symptom severity scores are used in this work in 

correlational analyses with speech parameters, with the expectation that results will go on to 

inform mobile monitoring interventions of the future.  

Secondly, speech has always been considered an accessible marker for less easily 

observable and measurable processes occurring at the neural and cognitive level. As clusters 

of speech patterns are identified, evaluated against symptom severity scores and 

psychomotor profiles, this research aims to provide a better understanding of underlying 

cognitive mechanisms being affected by depression within the speech planning and 

production processes. Moving forward, these patterns offer insight when mapped onto 

neuropsychiatric research addressing structural and cognitive effects of depression – and can 

be aggregated into an overarching model which can be tested against future radiographic or 

neurolinguistics study results.  

Again, there is much work to do in this area, and results from this series of studies should 

be considered one of many stepping stones in the effort to building up a comprehensive picture 

of the depressive voice.  
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1. Chapter 1: Pathophysiology, Assessment and Treatment of 

Depression 

1.1. The Burden of Depression 

Mood disorders including depression continue to be widely experienced on an international 

scale, with 13% of the global burden of disease being attributable to depressive disorders (as 

measured in Disability Adjusted Life Years [DALYs]) (Abbafati et al., 2020). By 2030, the World 

Health Organisation (WHO) predicts that mental health conditions will be the leading cause of 

mortality (WHO, 2017). Depression itself accounts for the majority of DALYs—approximately 

41% within the mental and substance use disorders group of conditions (Rehm and Shield, 

2019). Lifetime prevalence estimates of depression currently stand at 12%; a figure which is 

increasing steadily in Western developed countries (WHO, 2017; Kessler et al., 2009; Heim 

et al., 2017). In the UK specifically, approximately 1 in 4 patients require mental health 

treatment (WHO, 2017).  

It is even arguable that these figures are not truly representative of the actual number of 

individuals living with these conditions, with many studies pointing to under-reporting due to: 

overlap between disorders (Vigo et al., 2016) persisting stigmatisation (Bharadwaj et al., 

2017), attributing cause of death to direct physical cause of death instead of the disorder itself 

(Lynskey and Strang, 2013) and the existence of ‘subthreshold’ manifestations (Moore and 

Brown, 2012). These ‘subthreshold’ manifestations play a particularly confounding role in 

research and particularly research recruitment; individuals exhibiting these do not display 

enough symptoms to meet diagnostic criteria laid out by the Diagnostic and Statistical Manual 

of Mental Disorders (DSM-V; American Psychiatric Association, 2013) or the International 

Classification of Diseases (ICD-10; WHO, 2018), but display clinically significant clusters of 

symptoms that can be considerable enough to cause negative health outcomes and poorer 

quality of life (Barge-Schaapveld et al., 1999; Hasche et al., 2010). Not only is depression 

increasing in numbers on an international scale, but the current figures may be 

underestimating the true extent of the condition’s prevalence.  

A recent report by the Blue Cross Blue Shield Association (2018) highlights just how far-

reaching this condition is. With diagnoses increasing by 33% since 2013 (see Figure 1.1 

below)—increasing particularly in the teenage and millennial demographic groups, this 

condition will continue to impact a significant portion of our society in the years to come. The 

growing number of individuals with depression has long-term implications for health services 

everywhere. The report notes that a diagnosis of depression is linked with a twofold increase 

in the chances of suffering from at least one other chronic disease, and a threefold increase 
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in the likelihood of suffering from a pain-related disorder. Altogether with comorbidities, this 

can result in a loss of nearly ten years of healthy life (Blue Cross Blue Shield Association, 

2018).  

 

 

Figure 1.1: Depression diagnoses are on the rise, particularly in women and younger people (Source: Blue Cross 

Blue Shield Association, 2018) 

Depression not only impacts individuals at a personal level; it also has long-reaching 

implications for society in terms of economic cost (see Figure 1.2 below). As with most 

illnesses with relatively early age of onset (Kessler et al., 2009), depression affects individual 

for longer stretches of time over their lives. This results in substantial societal costs, such as 

reduced educational attainment and low occupational and financial status (Fletcher, 2008; 

Kessler et al., 2005). Economists place the financial cost on the UK economy of these impacts 

at around £70-100 billion or about 4.5% of gross domestic product (GDP) (Mental Health 

Foundation, 2016). In fact, Oxford Economics believe that the UK GDP could have been as 

much as £25 billion higher in 2015 if not for the consequences of mental ill health (Mental 

Health Foundation, 2016).  

In summary, the burden of depression is relatively high in the western world, negatively 

impacting a large individuals and their communities and causing downstream costs on 

healthcare systems and the wider economy. 
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Figure 1.2: The growing cost of ill mental health in the UK. All figures cited from Mental Health Foundation, 2016. 

1.2. Theorised Causes of Depression 

There have been many theories put forward over the years attempting to explain why 

depression occurs in certain individuals and not others. Mental health conditions, including 

depression, have been linked to a diathesis-stress causal model (Beck, 1967; Robins and 

Block, 1989; Rosenthal, 1963; Zuckerman, 1999), wherein individuals who are already 

genetically vulnerable to developing a mental-health condition (i.e., through familial history) 

have a greater chance this occurring in stressful environments. The model implies that gene 

and environment interactions have a collaborative impact on depressed individuals and the 

severity of their symptoms; in other words, neither the diathesis nor stress alone is enough to 

cause the condition to emerge. In reality, a combination of individual genes, neurobiology, 

environmental stressors and individual resilience come into play in the development of 

conditions such as depression; further work is needed to tease apart the contributions of each 

(see Figure 1.3).  
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Figure 1.3: Diagram of the social determinants of mental health adapted from the Determinants of Health (as 
cited in Mental Health Foundation Report [2016] from Dahlgreen and Whitehead, 1993). 

 

1.3. Symptoms and Clinical Manifestations of Depression 

Depression itself can present heterogeneously between individuals. In fact, an analysis by 

Østergaard and colleagues (2011) reported that depression can manifest in nearly 1500 

clinically unique profiles, a number which does not take into account the previously mentioned 

“subthreshold” manifestations of the disorder (Brown and Barlow, 2005). The heterogeneity in 

the combinations of symptoms for each individual presents a challenge to the assessment and 

management of the disorder for clinicians, researchers and individuals with the condition.  

1.3.1. Symptoms  

Currently, the Diagnostic and Statistical Manual (5th edition; American Psychiatric 

Association, 2013) outlines nine main symptoms associated with depression (see Figure 1.4, 

below). An individual is required to have a minimum of five of these over a two-week period to 

be identified as depressed. Of these, speech changes are captured by the umbrella term of 

‘psychomotor changes’. 
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Figure 1.4: DSM-V criteria outlining depressive symptoms 

1.4. Pathophysiology of Depression 

Depression is more than just a cluster of symptoms; the diagnosis is also tied to physical, 

anatomical changes within the brain and its neural networks. It is important to take note of the 

various structural and chemical changes associated with the condition, as these have further 

implications as causal mechanisms for associated speech and voice-related symptomatology.  

1.4.1. Neurotransmitter changes associated with depression 

Depression is associated with variances at the neurotransmitter level, which has 

widespread and diverse implications across functioning. Neurotransmitters are chemical 

substances that are released by neurons within the brain, facilitating communication between 

cells at the synaptic level. Most of these substances fall into major classes, such as ‘amino 

acids’ and ‘monoamines’ (which are given this label as they possess a single “amine”’ group).  

Most monoamine neurons are located in the midbrain and brainstem nuclei. These 

neurons project signals to large areas of the entire brain, suggesting their involvement in the 

regulation of a wide variety of behaviours. It was noted that many of the compounds that 

inhibited monoamine reuptake (thus increasing concentrations in the synaptic cleft)2 were also 

                                                           
2 Also known as the space between neurons, where most of the communication between cells occurs 
via exchange of neurotransmitters.  
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highly effective as antidepressants (Hasler, 2010). This finding has led to one of the most 

commonly cited pharmacological theories of depression, the monoamine-deficiency 

hypothesis.  

The original monoamine theory of depression (Schildkraut, 1965) proposed that 

depression is driven by a functional deficit of monoamines—especially 5-hydroxytryptamine 

(5-HT; also known as serotonin), as well as dopamine. The theory also proposed that specific 

symptoms are linked to variations in levels of different neurotransmitters. For example, 

serotonin is often linked with mood and regulatory behaviours such as sleep and appetite (cf. 

Mohammad-Zadeh, Moses, and Gwaltney-Brant, 2008). On the other hand, changing 

dopamine levels have been linked with psychomotor activity, movement, pleasure, and 

anhedonia (Stein, 2008). Although new research has challenged and updated this original 

theory (cf. Mulinari, [2012] for a review), it is prudent to remember that neurotransmitter 

systems should not be studied in isolation, but rather as part of a complex network of 

interacting neurons. With that in mind, evidence does demonstrate that certain 

neurotransmitters may play a more key role in the emergence and maintenance of depressive 

symptoms over time.  

Serotonin is one of the most extensively studied neurotransmitters with regards to 

depression, being linked to depressive-like symptoms in both animal and human models. Rats 

with depleted serotonergic stores appear irritable and aggressive, as well as demonstrate 

altered appetite patterns (cf. Singh, 2014). In humans, the most common way to measure 

serotonin is by looking at peripheral measures, including the serotonin metabolite: 5-

hydrozyindole acetic acid (5-HIAA). There is a wide assumption that 5-HIAA levels reflect the 

functioning of serotonin, and post-mortem studies have found lower 5-HIAA levels in the brains 

of depressed individuals—particularly those who have committed suicide (Bach and Arango, 

2012).  

Dopamine (DA) is another monoamine commonly linked with depressive symptoms. 

Clusters of DA cell bodies in the brain can be found in the substantia nigra and ventral 

tegmental area—with axons projecting to other areas like the caudate-putamen via the 

nigrostriatal tract, as well as the limbic system via the mesolimbic dopamine pathway. In 

animal model studies, those with lesions in certain ascending dopaminergic pathways exhibit 

sensory neglect, motivational deficits, and motor impairments including difficulty initiating 

movement (e.g.,  Desmurget and Turner, 2010; Doya, 2000; Panigrahi et al., 2015). DA 

reuptake inhibitors and receptor agonists both demonstrate antidepressant-like effects in 

controlled studies (Goldberg et al., 2005). Additionally, levels of DA metabolites are seen in 
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the cerebrospinal fluid and plasma of depressed patients, suggesting uptake and turnover 

(Lambert et al., 2000; Meyer et al., 2001).  

Lastly, abnormally high levels of cortisol is one of the most consistently found 

neuroendocrine abnormalities seen in individuals with depression—likely due to abnormal 

regulation of corticotrophin-releasing factor (CRF) by the hypothalamus. Other studies have 

linked depressed patients with elevated CRF levels in cerebrospinal fluid (Nemeroff et al., 

1984), as well as post-mortem findings of increased CRF-producing cells in the hypothalamus 

(e.g.,  Wong et al., 2000). The main prodepressive pathways involve the Hypothalamus-

Pituitary-Adrenal (HPA) axis, whereby hypothalamic neurons controlling the body’s pituitary 

function release corticotrophin-releasing hormone (CRH) and adrenocorticotrophic hormone 

(ACTH), which leads in turn to cortisol secretion. Elevated cortisol levels has been 

documented in patients with histories of childhood trauma (Heim et al., 2009). Cortisol has 

also been implicated as a potential contributor towards long-term health consequences of 

depression, including cardiovascular problems and diabetes (Gold and Chrousos, 1999). 

However the issue of specificity resurfaces with CRH and depression (Carpenter et al., 2009; 

Hasler, 2010; Heuser et al., 1994), even though CRH does produce a number of symptoms 

that mimic depression—such as changes in appetite, sleep, and libido as well as variations in 

psychomotor activity (cf. Binder and Nemeroff, 2010).  

In summary, serotonin and dopamine continue to be studied with relation to depressive 

symptomatology. Variation in neurotransmitter functioning has implications on dopaminergic 

and serotonergic pathways within neural speech circuitry, and may be causally linked to 

changes in speech and language that have been observed in depressed patients (reviewed 

in more detail in Section 3.7 on p. 37 below)  

1.4.2. Neuroanatomical changes associated with depression 

In addition to these neurotransmission irregularities, depression has also been associated 

with structural changes such as overall volume reductions in the hippocampus and prefrontal 

cortex, both of which are sites of importance for working memory and cognition (Koolschijn et 

al., 2009; Racagni and Popoli, 2008; Sheline et al., 2003), as well as a reduction in activity 

within the lateral frontal and temporal cortices, insula, and cerebellum (Fitzgerald et al., 2008). 

As antidepressant therapies begin to take effect and enhance neurotransmission across the 

brain, evidence has demonstrated that the neuronal reduction in activity associated with 

depression can be slowed, or even reversed, following treatment (Koolschijn et al., 2009). 

Other anatomical changes include variations in dopaminergic transmission in the basal 

ganglia and the nucleus accumbens—both of which exhibit a return to normalised levels of 

monoaminergic activity following successful treatment (Pallis et al., 2001). This has further 
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implications for any speech or vocal changes associated with the diagnosis—the question 

remains as to whether treatment response (and implied reversal of monoaminergic 

transmission) is mirrored in variations measured in the speech signal, or whether speech-

related changes in depression are longer-lasting.  

The sheer range of biological abnormalities found in depressed individuals can be linked 

back to the heterogeneity of the disorder, as well as the fact that pathophysiological studies 

tend to focus on people who currently have the condition. Data derived in this manner does 

not allow researchers to distinguish between causal mechanisms and their downstream 

effects (aan het Rot et al., 2009). In other words, is difficult to note whether a person’s 

neurobiological changes are specific to depression, or whether they represent a more 

widespread vulnerability to affective disorders in general. There are also challenges with the 

diversity in imaging techniques available today to investigate these neuronal changes within 

living individuals with depression. The lack of overlap between these paradigms (Fitzgerald et 

al., 2008) make it difficult to generate robust hypotheses of regional versus network, and 

structural versus functional changes found in depression.  

1.4.3. Psychomotor Subtypes of Depression 

Given that this research will focus on specific motor behaviours (i.e., articulation) in 

depressed speakers, it is prudent to go over the definition of psychomotor symptoms more 

closely. Abnormal psychomotor behaviour (including both ‘retardation’ and ‘agitation’) is a 

fundamental feature of major depressive disorder and has been included in both early and 

contemporary diagnostic classification systems. Psychomotor activity typically refers to both 

physical and cognitive speed of movement, which can be slowed or sped up depending on 

the individual clinical manifestation. Descriptions of psychomotor activity affected in 

depression typically involve disturbances in both fine and gross motor behaviour—from 

speech and facial expressions, to more global movements. According to Caligiuri and 

Ellwanger (2000), psychomotor retardation is exhibited by approximately 60% of individuals 

with depression, encompassing a measurable decline in neural planning and neuromuscular 

control. Psychomotor symptoms may also present differently between genders. An early study 

investigating psychomotor symptoms in hospitalized depressed individuals between 1959 and 

1969 (Avery and Silverman, 1984) found that women were more likely to present with 

agitation-only symptoms, as well as experience recovery or marked improvement compared 

to the psychomotor retardation group which included more males.  

Some researchers (e.g.,  Dantchev and Widlöcher, 1998; Kessing and Drachmann Bukh, 

2017) also imply that different presentations of depression according to these subtypes 

(psychomotor ‘agitated’ versus ‘retarded’) necessitate different treatment pathways as well. 
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Whether psychomotor symptoms reflect specific phenotypes of depression—or if they are 

a manifestation of more general gender differences in the presentation of clinical symptoms—

remains a question still being answered in the literature. In the meantime, it is prudent to 

consider these specific groupings when completing any research which includes depressed 

individuals as participants given that they may present with very different behaviours.  

1.5. Assessing and Treating Depression 

Given that depression is associated with various clinical risk factors, with associated 

diversity in neurobiological changes and symptom combinations, it is understandably difficult 

to accurately diagnose and assess symptom severity between individuals. Adding to this 

complexity is the multitude of assessments available for depression and its associated 

symptoms which are regularly used to check for severity in both clinical and research settings. 

Rather than being meant to replace good clinical judgement, these rating scales are a means 

of confirming a diagnosis and monitoring patient progress over time (Anderson and Michalak, 

2002).  

1.6. Assessments of Depression 

The current gold standard for diagnosing depression is the Hamilton Depression 

Rating Scale (HAMD; Hamilton, 1960). The original rating form was comprised of 21 items, 

although only the first 17 contributed to the total score of depression. Nine of these 17 items 

can be rated on a scale from 0 to 4, whereas 8 items are only able to be scored on a scale of 

0 to 2. Hamilton explains in detail what each score represents in his original article.  

A few problems emerge when using the HAMD as a primary outcome tool. First, multiple 

versions exist between studies and clinicians. A systematic review uncovered at least 20 

published versions of the scale, including both longer and shortened versions (Bagby et al., 

2004). This study also pointed out inherent problems with the heterogeneity of rating 

descriptors and differential weighting of items, which reduce the potential meaningfulness of 

certain items (Bagby et al., 2004). As described above, items are scored on scales of differing 

magnitudes, resulting in some symptoms contributing more to the total score than others or 

measuring different effects. For example, some items are rated on a 3-point scale while some 

are aligned to a 5-point scale thus offering more granularity for certain symptom severity 

levels.  

Other authors have pointed to the issue of creating multiple content constructs 

(Zimmerman et al., 2005), as some items assess two or more individual symptoms under the 

same label. For example, the ‘psychic anxiety’ item requires the assessor to survey symptoms 

of anxious mood as well as irritability, while the general somatic items incorporates fatigue 
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and body aches and pains. Zimmerman and colleagues (2005) rightly maintain that these are 

very different symptoms and should be identified as such under new HAMD items.  

Despite these problems, this scale continues to be the most commonly used outcome 

measure in clinical trials, and is still frequently applied by clinicians to assess depression 

severity and by researchers to recruit diagnosed individuals into studies. The HAMD remains 

prevalent in research for one major reason: by virtue of its publication date alone, it is possible 

to compare results across a wide variety of studies, which has established a mutual 

understanding within the research community regarding the interpretation of scores and 

depression severity. To improve HAMD reliability, semi-structured interviews have been 

developed for the assessment process (Williams, 1988). Until a new assessment scale 

becomes accepted by the scientific community, the HAMD will continue to be widely used in 

both clinical and research settings.   

 Several other assessment scales have been created to address shortcomings with the 

HAMD. The 10-item Montgomery-Asberg Depression Rating Scale (MADRS; Montgomery 

and Asberg, 1979) was specifically designed to be more sensitive in symptom changes over 

time than the HAMD (Carmody et al., 2006; Mulder et al., 2003; Senra, 1996; Senra Rivera et 

al., 2000), and is more frequently used in European clinical trials. However, it still has not 

managed to match the global popularity of the HAMD in clinical usage.   

Some clinicians and researchers prefer to use a patient self-rated scale for 

convenience, as well as to gain insight into the patient’s perception of their own symptoms. 

Such scales include: 1) the Beck Depression Inventory (BDI; Arnau, Meagher, Norris, and 

Bramson, 2001); 2) Patient Healthcare Questionnaire (PHQ or its abbreviated version, the 

PHQ-9; Kroenke, Spitzer, and Williams, 2001; Spitzer, Kroenke, and Williams, 1999); and 3) 

the Quick Inventory of Depressive Symptoms (QIDS; Rush et al., 2003). Each of these scales 

requires a patient to be able to read and interpret the questions accurately in order to be 

reliable, which some practitioners view as a shortcoming. In the end, clinicians and 

researchers alike have a wide array of choices for which assessment method best suits their 

needs (see Table 1.1, below).  

 

 

 

 

 



Vocal biomarkers of depression 
 

Page | 11  
 

 

Table 1.1: Commonly used depression rating scales (reproduced from Cummins et al., 2015) 

Scale Acronym Reference Clinician-

Led 

Self-

Report 

Number 

of Items 

Minutes 

to 

Complete 

1. Hamilton 

Rating Scale 

for 

Depression  

HAMD Hamilton 

(1960) 

√  17 or 21 20 – 30  

2. Beck 

Depression 

Inventory 

BDI Beck et al., 

(1996)  

 √ 21 5 – 10  

3. Montgomery 

Asberg 

Depression 

Rating Scale 

MADRS Montgomery 

and Asberg, 

1979  

√  10  20 – 30  

4. Quick 

Inventory of 

Depression 

QIDS Rush et al., 

(2003) 

 √ 16 5 – 10  

5. Patient Health 

Questionnaire  

PHQ-9 Kroenke et al., 

(2001) 

 √ 9  < 5  

 

1.7. Common treatments and interventions for depression 

There are three main categories of treatment for depression and other mood-related 

disorders. The first line of treatment is typically antidepressants, of which there are numerous 

options for a clinician to prescribe. Categories of potential medications include:  

 Selective serotonin reuptake inhibitors (SSRIs; e.g., citalopram, fluoxetine, sertraline) 

 Serotonin-norepinephrine reuptake inhibitors (SNRIs; e.g., duloxetine, venlafaxine) 

 Monoamine oxidase inhibitors (MAOIs; e.g., tranylcypromine, phenelzine) 

 Tricycle antidepressants (e.g., imipramine, amitriptyline)  

 Atypical antidepressants (e.g., bupropion, mirtazapine)  

Any of these options—or a combination of these treatments and/or other types of 

prescriptions such as antipsychotics—may be recommended by a physician to treat the 

symptoms of depression. Many of these antidepressants have associated side effects such 
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as nausea, dry mouth, decreased libido, insomnia, and fatigue. Some of them, such as MAOIs, 

even require individuals to stick to a strict diet to avoid dangerous interactions with certain 

food types. The presence of these severe side effects and required lifestyle changes may 

cause quite a burden on the part of the patient and careful assessment of the individual’s 

environment is required prior to prescription to ensure a good fit.  

Alternatively, patients with depression can seek out psychotherapeutic treatment, whereby 

a mental health professional assists them with adjusting to stressors, identifying negative 

beliefs and behaviours and incorporating more effective coping strategies into everyday life. 

Common psychotherapeutic approaches include: 

 Cognitive behavioural therapy (CBT) (e.g., Beck, 1970; Ellis, 1962; Fava et al., 1998; 

Hofmann et al., 2012) 

 Psychoanalysis or psychodynamic therapy (e.g., Glover, 1955) 

 Humanistic therapy (e.g., Elliott, 2002; Priddy, 1987) 

 Integrative or holistic therapy (cf. Wampold, Minami, Baskin, and Callen Tierney, 2002) 

Lastly, patients who do not respond to other forms of treatment (see section 1.8 below) 

often turn to other methods of intervention, commonly referred to as neurostimulation 

therapies. These include: 

 Electroconvulsive therapy (ECT; e.g., Pagnin et al., 2004), where electric currents are 

passed through the brain 

 Transcranial magnetic stimulation (TMS; e.g., Chen et al., 1997), where a coil placed 

against the patient’s scalp sends magnetic waves into specific regions of the brain  

The wide range of available treatment options is a reflection of the multitude of clinical 

manifestations, symptom combinations and hypothesised causal mechanisms behind this 

prevalent mental health condition. Physicians and psychiatrists must thus use their clinical 

judgement to assess which line of treatment to use for each patient, as it can be difficult to 

match the right intervention to a depressed individual. Again, this diversity presents issues for 

researchers to take into consideration and should be appraised when designing any 

experimental studies.  

1.8. Treatment response in depression 

Almost half of all depressed patients will have an inadequate response to one course of 

antidepressant therapy (Fava and Davidson, 1996; Nierenberg and Amsterdam, 1990), with 

as many as a third of patients having chronic depression despite utilising multiple rounds of 

treatment (Rush, Trivedi, et al., 2006; Wiles et al., 2014).  
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Mental health professionals refer to individuals as being ‘treatment-resistant’ if they fail to 

respond to a standard course of therapy that is known to be effective for depression. Some 

authors propose that treatment-resistant depression (TRD) may be a contributing factor to the 

overwhelming and widespread morbidity rates associated with the illness (Keller, 2005). Yet 

the definition of TRD is a source of contention in the literature (Malhi, Parker, Crawford, 

Wilhelm, and Mitchell, 2005; Malhi and Byrow, 2016), with more than 15 definitions being 

proposed over a 10-year period between 1987 to 1997 (Souery et al., 1999).  

Response to treatment is often thought of as a clinically meaningful reduction in symptoms; 

conventions usually consider this to be a reduction in baseline symptom scores of 50% or 

more, as measured on standardised rating scales (Malhi et al., 2005; Malhi and Byrow, 2016; 

Rush et al., 2006). Stemming from this conceptualisation, treatment response encapsulates a 

continuum of patients with varying response levels, ranging from partial response to complete 

refractoriness (Nierenberg and Amsterdam, 1990; see Table 1.2 below). The ultimate goal—

remission—is often cited as a complete absence of symptoms, which in itself is a very unlikely 

goal for treatment. At least 50% of “remitted” patients will continue to experience two or more 

residual symptoms (Nierenberg et al., 2010).  

Of the few studies available on the subject, results show that, on average, three 

antidepressant trials are necessary before the majority of patients tend to experience 

‘remission’ (Harmer et al., 2009; Rush, Trivedi, et al., 2006). If remission is sustained for at 

least 6 months, and is associated with a functional improvement in symptoms, it then leads to 

the patient being categorised as ‘recovered’ (Malhi and Byrow, 2016). Yet this approach is not 

without its problems; recent research even has highlighted supposed ‘remitters’ who still 

experience low levels of symptoms and functional impairments (Mark Zimmerman et al., 

2012). These findings call into question the use of relying exclusively on symptom-based 

definitions of remission. In reality, the process of moving from initial diagnosis, through 

remission, and to the final stage of recovery is long-winded, non-linear and with no clear-cut 

steps; both response and resistance should therefore both be thought of as dimensional 

concepts (i.e., lying on a continuum rather than occupying clear-cut binary categories). An 

individual’s progress toward recovery can be interpreted as moving along this continuum over 

their lifetime. 
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Table 1.2: Proposed terminology for treatment response and resistance (cited in Kay, 2006 and adapted from O’Reardon and 
Amsterdam, 2001). 

Proposed Terminology for Treatment-Resistant Depression 

Treatment nonresponse A response that is poor enough that a 

change in treatment plan is required (e.g.,  

less than a 50% reduction in HAMD score 

over the course of treatment) 

Treatment response  A response that is good enough that a 

change in treatment plan is not required 

(e.g.,  more than a 50% reduction in HAMD 

score over the course of treatment) 

Remission Attainment of asymptomatic stage (e.g.,  

attaining a score of less than, or equal to, 7 

on HAMD) for 2 consecutive months 

Recovery Remission for at least 6 consecutive months 

Treatment-resistant depression Only partial response to treatment; patient 

meets criteria for nonresponse  

Treatment-refractory depression No response to treatment; symptoms remain 

unchanged or worse  

 

When choosing a treatment target, the continuum of treatment response can also lead to 

differing understandings between physicians and patients about realistic and meaningful 

therapeutic objectives. For example, patients may aim for (and expect) complete recovery 

after a single round of treatment, whereas physicians typically aim for remission (Malhi and 

Byrow, 2016). A list of terms of reference for treatment response can be found in Table 4 

(above). Other research also recommends including psychosocial and quality-of-life 

evaluations when checking response outcomes (e.g., the  Work and Social Adjustment Scale 

[WSAS]; Mundt, Marks, Shear, and Greist, 2002; Souery et al., 1999); rather than simply 

relying on symptomatic rating scales. Overall, physicians are tasked with ensuring that 

patients receive a ‘sufficient’ source of treatment at optimal dosage—for at least four (Thase, 

1995) to six weeks (Joffe et al., 1996) every time a therapy is prescribed to accurately assess 

response.  

 



Vocal biomarkers of depression 
 

Page | 15  
 

1.9. Challenges with Research in Depression 

As noted in this chapter, the heterogeneity of causal mechanisms, symptomatology, 

therapeutic pathways, and measures of response makes it complicated to conduct research 

into depression and other affective disorders. 

For one matter, recruiting participants with depression can often lead to a sample with 

varying levels of symptom severity and depressive profiles. Some researchers (e.g., Alpert, 

Pouget, and Silva, 2001) categorise depressed individuals into psychomotor activity groups 

(e.g.,  exhibiting retarded versus agitated motor behaviours). Others may categorise according 

to comorbid conditions or aetiologies (e.g., Yang and Dunner, 2001). Regardless of the 

method of profiling participants, recruitment itself can be wrought with issues relating to patient 

diversity, making it difficult to uncover meaningful patterns of behaviour between participants.  

There are also a variety of ethical issues to consider when working with individuals with 

depression and other mental health conditions. Firstly, researchers must take care to follow 

local guidelines and legislation when dealing with adults with incapacity (e.g.,  the ‘Adults with 

Incapacity Act (Scotland)', 2000), as entering into a depressive episode may entail a 

temporary loss of capabilities. Research protocols should have appropriate consent forms in 

place, as well as standard operating procedures to outline steps that researchers must follow 

in the event of a loss of capacity (e.g., destroying data). Guidelines should also be in place to 

provide assistance if the potential research participant discloses information about suicidality 

or other self-harming behaviours. In short, researchers must engage in additional preparations 

when undertaking research with adults with mental illnesses and make every effort to ensure 

that their safety is at the forefront of other priorities.  

Research studies concerning depression and other mental illnesses also have special 

considerations with respect to inclusion and exclusion criteria. In many other health conditions, 

diagnosis is usually achieved through biological markers (e.g., markers emerging in blood 

tests, anatomical differences from imaging, etc.) in addition to professional assessment. Yet 

mental health conditions rely mostly on the experience and clinical judgement of the health 

professional completing the assessment.  

Furthermore, depression can often emerge secondarily to other illnesses such as 

Parkinson’s disease (de la Riva et al., 2014), cancer (Pitman et al., 2018), and other mental 

health conditions (Lieb et al., 2002). For this reason, individuals who may be eligible for 

participation in studies investigating depression often may not do so—given the demands of 

other primary diagnoses—and could also introduce an additional source of variation in results. 

To avoid the latter, researchers should complete a comprehensive assessment at the 
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beginning of their studies to note other comorbidities, medications, and any other potential 

factors that can impact their findings.  

Lastly, although individuals with depression often report positive experiences after 

participating in research—especially with regards to engaging in self-awareness on their own 

mental health (Tallon et al., 2011)—samples of depressed individuals in research often tend 

to be homogeneous in ethnicity, age, and educational background. Every effort should be 

made to cast a wide net for participant recruitment to ensure generalisability of results.  

1.10. Conclusion 

This chapter reviewed the current theories and literature on depression and its causes, 

including symptomatology and gold standards for diagnosis and assessment of treatment 

response. Given the topic of this work, the heterogeneity in symptom manifestation, 

neuroanatomical and neurotransmitter function, and treatment options all can have 

downstream efforts on speech and voice changes co-occurring with depression. When 

reviewing the literature on speech changes in depression (presented in section 3.7, see p. 

37), it is prudent to consider these concerns in light of any findings; study design and 

participant selection should be carefully scrutinised to assess whether results can be 

extrapolated to a specific subset of individuals with depression.  

Special considerations for completing research in this field were also discussed, as 

several ethical issues emerge due to the nature of the mental health condition. Given the 

prevalence and burden of the illness, research into more reliable and accurate assessments 

of the condition, as well as further refinements of diagnostic criteria should be prioritised. 

These considerations were built into the data definition and collection phases of the current 

piece of work.  

The next chapter will link the concepts of depression and speech production together 

in a literature review. A comprehensive overview of findings are presented to highlight areas 

where future research is best placed to fill gaps and influence current perspectives on clinical 

depression.  
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2. Chapter 2: Principles and Processes of Speech Production 

2.1. Basic principles of speech production 

Human speech is a complex and integrative display of hundreds of different muscles 

coordinated with their associated nerves and neural structures. Traditionally, speech scientists 

have chosen to describe speech production and perception as a “chain” (Pinson and Denes, 

1993; see Figure 2.1Error! Reference source not found.) – a mostly feed-forward system in 

which a person plans out their speech, puts the appropriate vocal tract and muscular 

movements into place and produces an acoustic signal. Finally that signal is interpreted by a 

listener into a meaningful word or sentence. Although this feed-forward model may be an 

oversimplification,3 it is still a useful representation of the relevant factors at play when an 

individual decides to communicate verbally.  

 

 

Figure 2.1: A depiction of the Speech Chain. Adapted from: Gick, Wilson, and Derrick, (2013). 

 Thus, speech has been construed as the cumulative effort of a wide array of 

processes, all at work simultaneously to produce a sound. Although quite complex in its 

entirety, this chapter will provide an overview of the main processes involved in speech 

                                                           
3 For example, we know that speech itself is not strictly linear due to processes like auditory feedback, 
in which the speaker attends to their own acoustic signal output, adjusting their articulators and making 
corrections accordingly (e.g., Lind, Hall, Breidegard, Balkenius, and Johansson, 2014).  
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production, as well as an explanation of disorders that occur when these processes break 

down.  

2.2. The Nervous System and Speech  

The Central Nervous System (CNS) is comprised of the brain and the spinal cord. Its 

counterpart, the Peripheral Nervous System (PNS), encompasses the entire distributive 

network of nerves spreading from the CNS and connecting to organs and muscles (see Figure 

2.2). Both the CNS and PNS work in tandem to allow a speaker to formulate and produce 

speech.   

 

Figure 2.2: A figure demonstrating the differential components of the Central Nervous System (CNS) 

and the Peripheral Nervous System (PNS).  

A common misconception is that there is a dedicated ‘control centre’ within the brain solely 

responsible for language and speech; in reality, these processes require a highly distributed 

network of structures and systems within the brain to work properly.  

The areas of the brain most frequently associated with language and speech are those 

surrounding the Perisylvian fissure, i.e., the auditory cortex, Broca’s area and Wernicke’s area, 

and the angular gyrus (see Figure 2.3, below). After initial processing in the auditory cortex, 

acoustic signals interpreted as speech are processed by Wernicke’s area, which is commonly 
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associated with language comprehension. Connected to this area by white matter tracts is 

Broca’s area, which has been linked to speech planning and production. Other cortical 

structures of the brain implicated in speech production include the primary motor cortex, which 

sends the formulated speech plans from Broca’s area. These plans are transmitted to the 

other parts of the brain (e.g., downstream central areas such as the basal ganglia and 

thalamus), ultimately passing on instructions to the different organs and muscles responsible 

for putting plans into action.  

 

Figure 2.3: Primary motor and somatosensory areas of the brain, several of which are implicated in 

speech production and will be discussed within this body of work.   

Subcortical structures are areas located beneath the surface of the brain, several of which 

have been linked to speech; specifically, the basal ganglia and amygdala. The basal ganglia 

modifies the motor output of other brain structures (usually the primary motor cortex) and 

relays a more fine-tuned plan for execution downstream via the thalamus. Located nearby, 

the amygdala is the centrepiece of emotional processing within the brain, influencing on the 

perceptual side of speech comprehension.  

Further down the brain, closer to the brainstem is the cerebellum, a small structure that 

receives input from other parts of the brain and spinal cord. Similarly to the basal ganglia, it is 

important in speech production as it attenuates and fine-tunes behaviours that require motor 

skills. Together with the basal ganglia, these two structures have long been thought to be the 

control centres for low-level planning of speech as well as pausing and timing behaviour such 
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as speaking rate (cf. Wildgruber, Ackermann, and Grodd, 2001). Located beside the 

cerebellum, the brainstem is the lowest part of the brain prior to the start of the spinal cord and 

is the location of some of the cranial nerves that innervate the facial muscles involved in 

speech.  

Notably, these structures (particularly the basal ganglia and cerebellum) are responsible 

for coordination of a wide array of functions and movements—not just those relating to speech 

and language processing. Stemming from this, changes within these structures due to various 

clinical conditions, temporary states or neural imbalances can therefore impact speech and 

language, given this neural interconnectivity.  

 

Figure 2.4: Location of the Basal Ganglia and associated structures within the brain.  

2.3. Phonation  

As air moves out of the lungs and passes into the vocal tract, it provides the foundation 

for the process of phonation (or ‘voicing’) to take place. The larynx houses the vocal folds, 

which consist of a body (of muscle) and a membraneous covering (consisting of layers of 

connective tissue and epithelium). These vocal folds vibrate or come together in a periodic 

manner to produce voicing.  
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An individual’s characteristic vocal pitch is determined by the vibration rate of the vocal 

folds, also known as ‘fundamental frequency’, and is conventionally measured in Hertz (Hz). 

Speakers can, to a certain extent, adjust their voice’s fundamental frequency (f0) using 

intrinsic muscles within their vocal tract to change the pitch of their voice (known as the 

perceptual correlate of f0).  

 

Figure 2.5: An illustration of the larynx, viewed from above. On the left, they are in position for phonation, 

whilst on the right they are in position for breathing and are quite open. Adapted from 

https://newt.phys.unsw.edu.au/jw/voice.html. 

Some speech sounds require ‘voicelessness’ or the ability to stop phonation at key 

moments in the acoustic signal. A speaker must have accurate motor control over their vocal 

folds (and their many associated muscles and cartilage laryngeal components) in order to 

produce the correct timing required for both voiced and voiceless sounds.   

Phonation also involves more than just constriction at the point of the glottis; Esling 

and colleagues (2019) refer to a laryngeal articulatory mechanism that incorporates various 

structures above, and including, the larynx for the purposes of phonation. The shape of the 

glottal aperture can produce a wide variety of ‘voicing’ types depending on its configuration 

and tension. “Modal voice”, often deemed the neutral setting of the vocal tract configuration, 
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has been described as “periodic vibration of the vocal folds under pressure from below 

(normal) or above (inverse)” (Catford, 1968, pg. 31), in addition to the state when air pressure 

and vocal folds are adjusted for maximum vibration (Ladefoged and Maddieson, 1996). No 

further constrictions are added above the regular vibration at the vocal fold level. The laryngeal 

articulator mechanism takes into account the fact that this air pressure causes vibration at the 

glottis and multiple points within the epilaryngeal tube, and can result in variants of ‘voicing’ 

away from this neutral modal setting (Esling et al., 2019). These include ‘whispery’, ‘breathy’, 

‘creaky’, and ‘harsh’ voicing types.  

A speaker may engage in a ‘whispery’ voice, created via the addition of laryngeal 

constriction above the glottis, resulting in more turbulent airflow and thus, more noise. Laver 

(1980) reports the glottal shape for this phonation type as an inverted letter “Y”.  

Contrastive to the ‘whispery’ type, ‘breathy’ voice is a less constrictive state, resulting in 

less turbulent airflow. In this ‘breathy’ setting, the “laryngeal mechanism is open, allowing less 

impeded more linear airflow through the pharyngeal space; whereas in whispery voice, the 

epilaryngeal channel is constricted, adding frication and noise” (Esling et al., 2019, p. 56). 

Laver (1980) also notes that breathiness has less combinatorial possibilities with other 

phonation types; whisperiness is able to be conjoined with both ‘harsh’ and ‘creaky’ voicing 

due to the fact that these all have a common articulatory basis of laryngeal constriction, while 

breathiness is distinguished by its divergent lack thereof.   

‘Creak’, also known as “vocal fry” (Hollien and Michel, 1968), is another voicing type. 

Occurring mainly as a result of the action of the thyroarytenoid muscle pulling forward on the 

arytenoid cartilage, this vocal quality requires a short thick vocal fold configuration, where 

there are quite loose or ‘relaxed’ (Esling et al., 2019, pg. 63).  This contraction of the 

thyroarytenoid results in a phonatory pattern ‘where the closed phase occupies about 90% of 

the vibratory cycle and the opening and closing phases combined occupy about 10% of the 

cycle) (Zemlin, 1968, pg. 197). Moisik and colleagues (2015) elaborate on this further with 

additional main effects of this laryngeal configuration, including a) lower frequency due to 

increased overall vibrating mass, b) adding degrees of freedom into the system and increasing 

likelihood of irregular vibration and c) enhancing dampening which may cause vibrations to 

cease more easily.  

Finally, ‘harsh’ voice is a direct result of lower epilaryngeal tightening (Esling et al., 2019), 

causing aperiodicity in the waveform, as well as noise within the spectrum (Laver, 1980). This 

ventricular adduction causes epilaryngeal structures to vibrate. Esling and colleagues (2019) 

make two specific notes relating to ‘harsh’ voice. Firstly, harshness is physiologically 

correlated to overall laryngeal tension. The other consideration is that certain vowels are more 
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susceptible to the effects of harshness, namely those that require jaw opening and lingual 

retraction.  

2.4. Articulation 

Moving upward from the vocal tract, the oral and nasal cavities are the site of ‘articulation’, 

during which the acoustic signal is modified further. Articulators can be simplistically 

characterised into upper and lower categories depending on their location (Gick and Wilson, 

2013; see Figure 2.6). Upper articulators are those located on the upper part of the oral cavity: 

include the upper lip, upper teeth, and hard and soft palate (also known as the ‘velum’). Lower 

articulators are those located on the bottom half of the oral cavity: the bottom lip, lower teeth, 

and the tongue. Upper and lower articulators coordinate in varying levels of proximity to 

produce speech sounds, but it is often the case that the lower articulators engage in the 

majority of movement. The location and degree of separation between these articulators are 

referred to, respectively, as the ‘place’ and ‘manner’ of articulation. 

 

Figure 2.6: A midsagittal depiction of articulators present in the oral cavity. Adapted from: 'The Oxford 

Handbook of Singing',  (Story, 2019).  

Consonants are those speech sounds which utilise a major obstruction in the airway, while 

vowels are produced with a very open vocal tract. For the purposes of this research, vowels 

will be described in greater detail as they form the basis of measurement for quantifying usage 

of “Vowel Space Area”—an indirect measure of overall movement within the oral cavity (see 

section 3.7.6. on page 48). As such, they will be revisited in later chapters as one of the areas 

illustrating articulatory differences between depressed and healthy speakers.  
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2.4.1. Vowels in the English language  

Vowels are speech sounds which have little to no obstruction above the larynx. They are 

distinguished mainly using the positioning of the tongue within the mouth, as well as whether 

the lips are rounded or not. Tongue height and backness (also termed ‘retraction’) are both 

important in determining which specific vowel is produced by the speaker. It is typical to depict 

vowels within a diagram or chart based on these characteristics, with height and backness 

occupying the y and x axes, respectively. The International Phonetic Alphabet (IPA) vowel 

chart can be seen in Figure 2.7, below), demonstrating the vowel sounds produced at varying 

tongue positions within the oral cavity. The vowel system within any language can be 

represented within a vowel diagram such as this (e.g., Skandera and Burleigh, 2005). 

 

Figure 2.7: The International Phonetic Alphabet Vowel Chart. (International Phonetic Association, 1999) 

  All vowels can be analysed by reference to a standard set of vowels. These ‘cardinal 

vowels’ are defined as “a set of fixed vowel-sounds having known acoustic qualities and known 

tongue and lip positions” (Jones, 1956 as cited in Lindblom and Sundberg, 1969, p. 19). 

Customarily referred to by numbers, the cardinal vowels are also distinguished by two ‘sets’—

primary and secondary vowels. A subset of these primary vowels inhabit the most extreme 

corners of the vowel chart: /i u æ ɒ/. These are used as the foundational set of references 

when describing other vowels in a speaker’s repertoire. Lindblom and Sundberg (1969, p. 20) 

identify the following characteristics of cardinal vowels: 
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“(1) They are independent of the vowels of any language.  

(2) They are fixed reference points of “exactly determined and invariable quality”.  

(3) They are peripheral vowels. Thus in principle it should be possible to describe an 

arbitrary vowel quality of any language by interpolating between the reference points.  

(4) They are auditorily equidistant.”  

Using this quantitative framework to define vowel specification, Lindblom and Sundberg 

(1969) go on to define vowel articulation as “any permissible combination of parameter values” 

(p. 21) according to three parameters of (1) length and opening area of lip section, (2) position 

of maximal tongue constriction, and (3) the magnitude of this constriction. Our vocal organs 

are constrained by these parameters—resulting in a limited set of combinations of formant 

frequency values or vowel qualities.  

These cardinal vowels can also be used when describing a speaker’s ‘vowel space area’ 

(VSA), i.e. the quantifiable working space that an individual uses when speaking and 

commonly used as a measure of articulatory function. Sandoval, Berisha, Utianski, Liss, and 

Spanias, (2013) describe VSA as a “two dimensional area bounded by lines connecting first 

and second formant frequency coordinates (F1/F2) of vowel frequency.” (p. EL477). It be 

quantified using the Euclidean distance between each coordinate in this space (Whitfield and 

Goberman, 2014).  

VSA varies naturally both between- and within-speakers depending on context and 

intelligibility. For example, casual conversation tends to require smaller VSA values than 

speech which is carefully articulated (i.e., with more acoustically distinct vowels) (Ferguson 

and Kewley-Port, 2007; Tjaden, Lam, and Wilding, 2013). Health conditions have also been 

correlated with varying VSA measures, including lower VSA in Parkinson’s Disease (Whitfield 

and Goberman, 2014), as well as Amyotrophic Lateral Schlerosis (Lansford and Liss, 2014), 

which occurs due to difficulties in retaining adequate control over tongue movements whilst 

extending to the more extreme areas of the oral cavity. 

2.4.2. Resonance as an effect of articulation 

‘Resonance’ refers to the process in which a resonating chamber (i.e., the vocal tract) 

filters the waveform that it receives (i.e., from the vocal folds) (otherwise known as the “source-

filter theory”, see Fant, [1970]). The resulting interaction between the vocal tract and vocal 

source produces the final sound, which we hear as an individual’s voice. As a filter, the vocal 

tract—from the larynx up through to the lips—contains previously described articulators that 

can make adjustments to the speech signal. Articulators dampen (i.e., filter out) parts of the 
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signal that are not close to its natural frequency, while simultaneously resonating (i.e., 

amplifying) parts that do. Resonance and the process of phonation are also interlinked, as 

tension above the laryngeal mechanism within the epilaryngeal tube can also affect the 

resultant voice setting (e.g. Laver, 1980).  

The post-modified output glottal wave has peaks of intensity that are known are ‘formants’, 

which occur at specific frequencies depending on various individual factors (e.g., the shape 

and length of the vocal tract). Measuring these formant frequencies has allowed researchers 

to estimate the location of vowels within the vowel space. 

2.4.3. Articulatory Proficiency and Complexity 

As this research dissertation will focus predominantly on articulation, it is prudent to go 

into further detail about measuring articulation, as well as the concepts of ‘articulatory 

proficiency’ and ‘complexity’. These may be factors to take into account when assessing 

clinical conditions and their downstream effects on speech.  

Articulation, as with any other skilled movement, is the product of numerous coordinative 

systems. There is a lack of consensus as to what articulatory proficiency truly means, due to 

the vast array of individual differences in speech sound repertoires. Prior lexical knowledge 

and categorical perception also make it difficult for researchers to perceive and describe 

variation that is present in speech sounds, particularly consonants (Lavoie, 2002). 

Misarticulation, speech errors and phonemic substitutions are easy to annotate and research; 

however, these fall short of describing perceptible differences in the production of specific 

speech sounds. Some authors have turned to measures of frication on plosive sounds as a 

stop-specific measure of articulatory proficiency (e.g.,  Karlsson et al., 2014) and an indicator 

of speech production deficits (Ackermann and Hertrich, 1997) Others have turned to measures 

of intensity during the burst portion of plosives to describe articulatory ‘effort’ (Kiss and Vicsi, 

2014). Finally, different authors have looked to phoneme duration as an indicator of 

articulatory ability, with longer durations being theoretically indicative of slower kinematic 

movement (e.g., Trevino, Quatieri, and Malyska, 2011). With such varying definitions, it 

becomes difficult to compare results between different studies.  

Speech scientists and phoneticians do, however, tend to rely on terms such as 

‘hypoarticulation’ and ‘hyperarticulation’ when describing speech in research, with the former 

being linked to ‘underarticulation’ (e.g.,  Darby, Simmons, and Berger, 1984; Scherer, 

Morency, Gratch, and Pestian, 2015). This refers to a minimisation of the degree of acoustic 

distinctiveness between phonemes resulting in a perceptual ‘blurring’ between dissimilar 

sounds. Again, although widely used, these terms are difficult to quantify using available 

articulatory measures. For example, while it is very easy to perceptually hear that someone is 
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enunciating clearly, it is difficult to find appropriate acoustic variables that accurately reflect 

this – hence why other researchers have turned to other proxy measures.   

Articulatory complexity has also become an emerging area of interest within phonetic 

research in recent years. Typically, in speech production research, articulatory complexity 

refers to the increasing level of motor demands presented by varying speech sounds. Kent 

(1992) devised a hierarchy categorising speech sounds according to increasing levels of 

required motor control and difficulty of articulation (see Table 2.1). This system has been used 

in previous phonetic research to describe consonant development in children (e.g.,  Stokes 

and Surendran, 2005), speakers with Amyotrophic Lateral Sclerosis (Kuruvilla-Dugdale et al., 

2018). Kent’s system has also been modified recently for use in investigations of depressed 

speakers (Stasak et al., 2017).  

Theories behind articulatory proficiency and complexity (and appropriate measures for 

each) are still advancing, and as such, studies in this area of research need to be designed in 

such a way that addresses the myriad of available approaches to this problem. For the 

purposes of this research, vowel articulatory complexity will be explored when contrasting 

vowel productions in depressed and healthy speakers (see Chapter 7: Monophthong 

realisations in depressed and non-depressed speakers, p. 111). 
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Table 2.1: Classification of vowels and consonants based on articulatory motor complexity as proposed 

by Kent (1992) and cited in Kuruvilla-Dugdale et al., (2018). 

Complexity Phonemes Underlying Articulatory Motor Adjustments 

Vowels   

1 /ɑ, ə/ Slight elevation of tongue from low carriage; mastery 

of back and forth movements of the tongue 

2 /u, i, o/ Maximally dissimilar vowels develop creating a triangle 

for the boundaries of vowel production 

3 /ɛ, ɔ, ai, au, ɔɪ/ 

 

Vowel triangle shifts to quadrilateral with appearance 

of vowel /ɛ/; differentiation of similar sounds /ɑ/ and /ɔ/; 

tongue movement precision for gliding of diphthongs 

4 /i, e, æ, / 

 

Coordination of tongue and mandible for front vowels 

5 /ɝ, ɚ/ 

 

Retroflexion of the tongue 

Consonants   

3 /p, m, n, w, h/ Certain rapid, high velocity movements (/p, m, n/) and 

steady, low velocity movements (/w, h/) 

 

Velopharyngeal valving (stops and nasals); bilabial, 

alveolar, and glottal places of articulation 

4 /b d g k j f/ Additional rapid, high velocity movements (/b, d, k, 

g/) and steady, low velocity movements (/j/) 

Control of fine force for frication (/f/); additional place 

of articulation (velar) 
 

5 /t, ŋ, r, l/ Additional rapid, high velocity movements (/t, ŋ/); 

tongue positioning for /r, l/ 

6 /s, z, ʃ, v, θ, ð, tʃ, 

dʒ/ 

 

Tongue positioning and control of fine force for dental, 

alveolar, and palatal fricatives 

7 2 consonant 

clusters 

Fine motor control to transition quickly and efficiently 

between articulatory placements 

8 3 consonant 

clusters 

Fine motor control to transition to three different 

articulatory placements successively 
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2.5. Conclusion 

Speech is the result of a variety of processes working collaboratively at different levels. 

Phonation and articulation affect physiological and motoric aspects of the speech mechanism, 

while resonance is an acoustic consequence of articulatory adjustments. All are intricately 

entwined and require a large degree of motor coordination and control to successfully produce 

speech within a communicative context. Various neural structures and networks are involved 

in this, presenting a multitude of opportunities for various health conditions to impact the final 

output. In the following chapters, these processes will be examined in speakers with clinical 

depression. This will provide insight into the underlying neural mechanisms at play within 

depression which ultimately affect downstream motor processes, including speech.  
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3. Chapter 3: Depressed Speech – Assessing the Sounds of Depression 

3.1. Depression and speech 

Depression has long been linked with changes in speech and vocal characteristics, 

stemming back to the early 20th century. Early researchers, such as Kraepelin (1921) and 

Newman and Mather (1938) described the voices of their patients as being listless, 

monotonous, with a “dead” quality.  Even today, GPs and health practitioners incorporate 

observations about a patient’s speech as an important indicator of the presence of depressive 

symptoms – for example within standardised assessments such as the Hamilton Depression 

Rating Scale (Hamilton, 1960; 1986). Many researchers have attempted to quantify exactly 

what we perceive in a voice which makes it sound “depressed” versus “healthy” (cf. Cummins 

et al., 2015), through a variety of approaches. As such, this chapter will review previous 

findings in the area of speech science and psychiatry, including some potentially confounding 

factors that may impact the results of this dissertation (see section 3.2, p. 31).  

3.1.1. Theories of Depressive Effects on Speech 

Before delving into specific research findings, it is important to ask why speech would be 

affected by depression in the first place. Many theories have been posited as to the exact 

mechanism underlying speech changes associated with depressive state. Ellgring and 

Scherer (1996) eloquently summarise these into three main categories:  

o Psychomotor retardation hypothesis: This hypothesis suggests a more 

generalised impairment of motor systems which underlies both speech behaviour and 

depressive symptoms. These changes occur regardless of other factors at play, such 

as emotional state and speech task. Ellgring and Scherer, (1996) describe the 

extrapyramidal symptoms of depression (e.g., muscle tension and rigidity) as being 

the core reason behind slowing phonation and articulation; thus increasing pausing 

behaviours and changes in F0. The authors also note that these speech behaviours 

should recede as an individual responds to treatment.   

o Cognitive Hypothesis: This hypothesis postulates that core attentional and planning 

deficits in depressed individuals are responsible for phonatory and articulatory speech 

changes, rather than any motor impairment. The cognitive hypothesis mainly focuses 

on increases in the number and duration of pauses and hesitations associated with 

depression, rather than an overall articulatory slowing (Ellgring and Scherer, 1996).   

o Social-Emotional Hypothesis: This hypothesis includes both cognitive and psycho-

physiological mechanisms as driving factors behind speech changes in depression. 

The authors argue that this category posits very specific observed effects which vary 
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in accordance with the underlying emotion of the depressive state. Ellgring and 

Scherer (1996) use examples of apathetic versus anxious depressed individuals to 

demonstrate differences in the type of symptoms observed in individuals with mental 

illness.  

It can be difficult to assign findings under just one of these categories, given the distinct 

overlap between ‘speech planning’ and ‘speech production’, as well as indeterminate 

boundaries between ‘mood disorders’ and ‘emotions/affect’. However, these categories do 

remain useful when assessing the literature in terms of causal mechanisms, providing a 

framework in which to examine a person’s choice of speech task, the parameters of analysis, 

and subgroupings of participants within research studies.  

3.2. Introduction of heterogeneity in research concerning depression and speech 

When attempting to compare and contrast findings between studies investigating speech 

in clinical depression, researchers should take into account the potential for variability in their 

research outcomes. Each outcome is highly dependent on the year of the study—due to 

diagnostic criteria used at that time, as well as different elicitation techniques and recording 

conditions utilised by researchers when collecting speech samples from participants. This 

section will outline the variability that different factors introduce to research, which is 

particularly prudent when reviewing past literature on the topic of speech and depression. A 

summarisation of these issues is presented in  below.  
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Figure 3.1: Variables introducing heterogeneity into research findings, limiting generalizability of 

results. Figure created by E. Miley Wilson (2020) to summarise introductions of bias into speech 

recordings, using Piktochart (http://www.piktochart.com)  

http://www.piktochart.com/
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3.3. Diagnostic criteria  

Research investigating speech behaviours in individuals with depression spans a century 

(see Kraeplin, 1921). On the one hand, this provides a plethora of data and acoustic 

parameters that may of potential interest for investigation; on the other, the time span also 

causes differences between study designs. For example, diagnostic criteria typically used by 

clinicians to categorise patients have changed more than three times in the previous 30 years 

alone.  

The Diagnostic and Statistical Manual of Mental Disorders (DSM) is now in its fifth edition 

(American Psychiatric Association, 2013), with many criteria changing over the years as new 

evidence emerges on psychological illnesses and their proposed treatment pathways. A deep 

discussion of the DSM goes beyond the scope of this dissertation, yet it is important to note 

the frequent changes have important implications for those wishing to do research with 

depressed patients. Previous studies forming the foundation for theories may have collected 

data from individuals diagnosed with conditions such as ‘melancholia’ or ‘neurotic/reactive 

depression’, rather than the clinical profile defined and ascribed to modern-day patients.  

There are quite a few instances of widespread variation relating to these changes. For 

example, when examining the validity of the DSM-III and DSM-III-R definitions of melancholia 

(a difference of just seven years between publication dates), Zimmerman, Black, and Coryell 

(1989) found a K-coefficient of 0.40, denoting low agreement between the two definitions. 

Even the number of possible depression diagnoses has increased since the DSM’s inception 

in 1952—from 128 in its initial form to a total of 541 in the DSM-5 (published in 2013), 

potentially causing those previously diagnosed with depression to be categorised under 

different (but similar) diagnoses of personality and/or anxiety disorders. As such, using 

evidence from decades in which different diagnostic criteria were utilised can limit the 

generalisation of these findings in today’s depressed individuals.  

3.4. Speech Tasks and Elicitation Techniques  

Yet another source of variation between findings is the type of speech task utilised when 

recording participants. Stasak, Epps, and Lawson (2017) propose five types of commonly 

accepted elicitation methods: 

 Articulatory-based speech (e.g., single phoneme, held-vowel) 

 Non-speech (e.g., diadochokinesis patterns, nonsense words) 

 Automatic speech (e.g., saying the alphabet or counting) 

 Read speech (e.g., reading an excerpt aloud) 

 Spontaneous speech (e.g., speaking in a conversational manner) 



Vocal biomarkers of depression 
 

Page | 34  
 

Researchers are still debating as to which technique is best to use when designing their 

studies, since findings have been inconsistent on which provides the most reliable acoustic 

markers for mental illnesses such as depression. Some authors make particular note of the 

fact that the “quantity and quality of information gathered during clinical depression is greatly 

dependent on the elicitation method(s) used” (Stasak, Epps, and Goecke, 2019, p. 152). 

Proponents of spontaneous or ‘free’ speech designs argue for the inclusion of natural affect 

and prosody into speech recordings, as well as other similarities to everyday speech 

behaviours (e.g.,  Bunton, 2008). Free speech samples may also be more stable indicators of 

individual speech behaviours. Ellgring and Scherer (1996) found that different types of free 

speech dialogues present with similar results—at least those pertaining to timing and 

frequency measures—with neither ‘topic choice’ nor ‘type of dialogue’ (i.e., interview versus 

free dialogue) affecting parameters in their study.  However, it is considered good practice to 

maintain the same stimuli between participants in order to make meaningful comparisons 

between individuals; particularly when examining processes such as articulation which require 

comparisons of speech sounds in specific contexts.  

There has been a recent surge of interest in comparisons of elicitation techniques in 

depressive speech research, with studies comparing read and spontaneous speech for 

classification purposes. Alghowinem and colleagues (2013) compared read and spontaneous 

speech for the purposes of depression classification using state-of-the-art classifiers (i.e., 

Support Vector Machines), finding that features extracted from spontaneous speech provided 

better results than using read speech. The authors interpreted this conclusion as being 

evidence that free speech contains more “relevant” information about an individual, including 

their affective state, which may be diminished when completing a reading task. The authors 

also point to “robust” acoustic features that provide good classification results regardless of 

the task at hand—including jitter as well as Mel Frequency Cepstral Coefficients (MFCC) and 

their velocity and acceleration. The worst-performing features across both speech tasks 

appeared to be those pertaining to fundamental frequency. In a similar vein, Williamson and 

colleagues (2019) also found that their prediction algorithm for treatment responders and non-

responders—based on a combination of video and audio recordings—returned the highest 

accuracy ratings when it included conversational speech recordings.  

These studies, combined with previous work in the area, seem to provide a clearer picture 

on which speech tasks allow for the capture of meaningful acoustic measures associated with 

depression. In this regard, it appears that free speech has a slight advantage over that of read 

and especially automatic speech, which is also prone to practice effects from repetition (Vogel 

and Maruff, 2014). A recent study attributes this finding to gender differences—Jiang et al. 

(2018) found that interviews did provide better classification of depression, but only in their 
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female participants. For males, picture description speech provided significantly better results. 

As described in Chapter 2, it could be that depression is expressed differently between men 

and women, and that this variation is better encapsulated by utilising different speech tasks 

based on sex.  

Given these findings, researchers should take particular care when selecting which speech 

tasks to incorporate into their study design, as this has a considerable impact on the acoustic 

variable measurements that they wish to investigate. 

3.5. Recording Conditions  

As is the case with many other types of research, the environment plays a huge role in 

the quality of data available for analysis. Specifically, background noise and recording 

equipment can impact acoustic measurements, including formant frequencies, loudness, and 

other minute perturbation variables such as shimmer (Vogel and Maruff, 2008).  

Recent years have seen the publication of some key guidelines to aid in microphone 

selection for the purposes of phonetic and linguistic research. Most microphones were created 

for the purposes of recording audio signals in the contexts of music and performances. 

(Howard and Murphy, 2007). As such, certain aspects of the original speech wave may be 

affected by microphone settings, including its frequency response and dynamic range. 

Microphones have a built-in frequency response curve which impacts the frequencies that the 

microphone is most sensitive to. Ideally, it is recommended to utilise a microphone with a flat 

response curve (i.e., having the same sensitivity to sound regardless of its particular 

frequency) that is broad enough to capture the entire spectrum of the human voice (Carson et 

al., 2003; Svec and Granqvist, 2010). The ideal bottom limit of the microphone may range 

between 10 and 50 Hz (depending on the outcome of interest to the researcher,4 while the top 

limit should aim to be between 16 kHz and 20 kHz (i.e., the upper limit of the perceptual ability 

of the human ear).  

Microphones also have ‘directionality,’ also known as ‘polarity patterns’ (see Figure 3.2 

below), which dictate sensitivity to the sound source depending on which direction it comes 

from. These can range from cardioid (picking up signal optimally from the front, while 

suppressing input from behind the microphone) to omnidirectional (having the same sensitivity 

to sounds regardless of where they originate in the room). Again, depending on the 

background noise levels, researchers must take great care in selecting the microphone that 

                                                           
4 For example, hoarse or creaky voices may contain subharmonic components below 50 Hz (e.g.,  Švec, 

Schutte, and Miller, 1996). For those interested in investigating individuals with these type of voices, a 
bottom limit of 10 Hz may be prudent although researchers should take note of the ambience of the 
room when doing so. Rooms with low-frequency noise, or less-than-ideal acoustics could pollute the 
final recording—and thus, affect final data analysis and interpretation.  
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meets their desired measure of interest, as well as the characteristics of their recording 

environment. The choice of directionality can significantly impact the decision of mouth-to-

microphone distance. Directional microphones suffer from a proximity effect, causing lower 

frequencies to be “boosted” (Svec and Granqvist, 2010) when positioned more closely to the 

sound source.  

  

Figure 3.2: A diagram illustrating microphone polar patterns. Microphone 1 (red) has a surrounding 

area that is equally sensitive to all incoming sounds. Microphone 2 (green) has sensitivity to sounds 

coming in from the front and back, while incoming sounds from the sides are ignored. Microphone 3 

(blue) has a cardioid pattern, meaning that the area in front of the microphone is the most sensitive to 

sounds, while the sides are less sensitive and the back is reduced almost entirely.  

 

Lastly, the environmental noise present in the room should be minimised where possible. 

Authors have warned against the recording of speech in rooms with unsuitable signal-to-noise 

ratios (SNRs) (e.g.,  Deliyski, Shaw, and Evans, 2005b; Ma and Yiu, 2005; Qi, Hillman, and 

Milstein, 1999). Ma and Yiu, (2011) also recommend calibrating any measurement instrument 

prior to recording sound signals. Deliyski and colleagues (2005; 2006) argue that an SNR less 

than or equal to 30 dB is required to obtain valid and reliable speech measures, and should 

be considered an absolute minimum in field research.  

Given the effects that microphone response curve, directionality and environmental noise 

may have on measured variables, it is good practice to list these characteristics in publications 

as well as consider them when comparing results between studies. A minority of research 

studies cited in the remainder of this chapter listed these recording features, adding to the 

complexity of assessing the validity of results both within and between findings.  
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3.6. Special Consideration for Between-Subject Comparisons 

Measuring and comparing formant values between speakers is problematic. 

Comparisons of raw Hertz values between individuals can be quite misleading, as no two 

speakers’ vocal tracts share the exact same dimensions. As a consequence, the “same” 

utterance from different speakers will demonstrate inconsistent values, due to anatomical 

variation between the speakers’ vocal tracts. This makes it difficult to decipher whether 

differences in formants result from actual, physiological changes in the larynx as an effect of 

sociolinguistic or clinical factors; or whether they are a result of natural variation in the sample 

of participants. Phoneticians, therefore, recommend using ‘normalisation’ procedures to 

“remove as much inter-speaker formant value differences due to biological differences as 

possible” (Flynn, 2011, p. 2).  

Yet the choice of normalisation procedure is hindered by the sheer number of options 

available. For example, one comparison paper (Flynn, 2011) evaluated twenty methods of 

formant normalisation, demonstrating that several methods (e.g.,  Bigham [2008], Watt and 

Fabricius [2002], Gerstman [1968] and Lobanov [1971]) were considerably better at aligning 

speaker vowel spaces than others. The final choice for normalisation method is ultimately 

down to the researcher; however, it should be considered an integral component of data 

preparation prior to analysis. Unfortunately, this is still not commonplace in research compiled 

by psychologists and computer scientists—likely because this is not a well-known procedure 

outside of the field of phonetics.  

3.7. Literature Review: Vocal Biomarkers of Depression 

The investigation of vocal biomarkers of depression is not a new concept, as psychologists 

have long linked the mental illness with perceptual changes in the voice. Yet a question 

remains: how can studies quantify these changes in a way that is feasible within a clinical 

setting? The following section will outline past and current research uncovering vocal 

differences between healthy and depressed speakers, including a discussion of potential 

explanatory mechanisms for these findings.  

3.7.1. Depression and Changes in Respiration   

The body of literature investigating the effects of depression on respiration is sparse, 

with very few studies specifically pointing to how it might impact speech. Speech respiration 

has been investigated in other clinical populations, such as PD (Gentil et al., 2003). Within 

these types of studies, dopamine treatment resulted in an overall improvement of respiratory 

and phonatory functioning as measured by maximal strength and precision of articulatory 

muscles. Extrapolating from this study, depressed individuals—who often receive 

monoaminergic treatment through antidepressants—may acquire better respiratory and 
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articulatory control as they undergo therapy. This theory, however, has not been corroborated 

in any follow-up studies.  

As noted in Chapter 1, depression is accompanied by symptoms of rigidity or tension. 

These symptoms can affect an individual’s subsequent respiration rate, particularly if posture 

also becomes altered. When posture is affected by depression, it also impacts an individual’s 

ability to initiate and sustain adequate inhalations and exhalations to support speech and 

speaking rate. A recent study investigating the association between posture and stress 

response found that ‘slumping’ or seating in a low body posture was associated with more 

negative-emotion words, and less overall words spoken, when compared with upright body 

posture (Nair et al., 2015). Slumping down or having altered body posture can therefore have 

a direct impact on overall mood, as well as speaking rate.  

“Speaking rate” is often used interchangeably with other similar measures such as 

“articulatory rate”, and has different quantifications depending on topic-specific variables like 

‘pausing time’ (which may have differing definitions depending on the researchers’ view of 

pause length). There is a general consensus today that speaking rate and articulation rate can 

both describe “the number of output units per unit of time” (Tsao, Weismer and Iqbal, 2006, p. 

1156), but speaking rate typically includes pause intervals while articulation rate does not 

(Jacewicz et al., 2009). Jacewicz et al., (2009) acknowledge that this allows for speaking rate 

to capture more “global” speaker-specific idiosyncrasies and communication styles. Some 

authors (e.g., Cummins, Scherer, et al., 2015) suggest that speaking rate actually presents as 

one of the most promising features for the recognition of depression. Other authors have 

included it in their algorithms when attempting to predict who will, and will not, respond to 

antidepressant treatment (e.g., Mundt, Vogel, Feltner, and Lenderking, 2012).  

Early studies have long since established the connection between speaking rate and 

clinical depression, with depressed speakers often speaking slower than controls (Szabadi et 

al., 1976; Darby and Hollien, 1977; Godfrey and Knight, 1984; Greden and Carroli, 1981; 

Hardy et al., 1984; Hollien, 1980).  

Speaking rate may also be more susceptible to the effects of treatment than other 

parameters. Alpert, Pouget, and Silva (2001) found that depressed individuals undergoing 

treatment displayed persistent prosodic differences—such as reduced amplitude, frequency 

variation—even while showing good clinical response. In contrast to this, measures of pausing 

behaviour did significantly change as patients responded to therapy, albeit with varying 

directions depending on depressive subtype. This study found evidence for the clinical utility 

of categorising depressed individuals based on HAMD scores of psychomotor activity (i.e., 

retarded or agitated). For many of the durational measures (noted as ‘fluency measures’ by 
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the researchers), the agitated group had shorter pause times and spent a greater percentage 

of their time talking than their psychomotor retarded counterparts. Recent studies have not 

separated groups based on these HAMD scores since Alpert and colleagues (2001) published 

their findings; as such, it is worth noting yet another potential relevant insight based on their 

research: that speaking rate measures may be dependent on the specific type of depression.  

Other studies have sought to observe speech rate changes in individuals undergoing 

treatment for their depression, in a similar manner to Alpert and colleagues (2001). These 

findings have demonstrated a link between a reduction in depressive severity (i.e., due to 

treatment response), and a decrease in speech rate and pause duration (Cannizzaro et al., 

2004; Szabadi et al., 1976). Not all studies have found results to support this, and some have 

pointed to confounding factors such as gender. One was only able to demonstrate a significant 

correlation between speech rate, pause duration and depression severity ratings in their 

female subjects, while their male counterparts exhibited similar but nonsignificant patterns of 

speech timing behaviours (Ellgring and Scherer, 1996). The authors attributed this finding to 

their smaller sample of male participants, as well as hypothesising that females and males 

have different aetiologies of depression depending on their gender.  

Researchers have linked the slowness of speech, as well as the insertion of more 

pauses, to depressed individuals presenting with more severe clinical profiles. Stassen, Kuny, 

and Hell (1998) found that for two-thirds of patients in their study, the measure of mean pause 

duration was significantly correlated with their HAMD scores when completing automatic and 

read speech tasks. The authors concluded that utilising speech analysis as a method to check 

treatment response was a “valuable extension of standard rating instruments” (p. 310). 

Measures of average syllable duration (Honig et al., 2014) and phoneme durational measures 

grouped by manner of articulation (Trevino et al., 2011) have both been positively correlated 

with increasing levels of speaker depression. More recently, Mundt and colleagues (2007; 

2012) have compiled a database of 35 American English speakers undergoing treatment at 

baseline, and either 6 or 8 weeks after the initiation of treatment. In an initial experiment using 

this database (Mundt et al., 2007), patients who responded to treatment spoke faster and used 

less pauses while speaking at the end of their course of therapy. These findings were 

corroborated in a follow-up study in 2012 (Mundt et al., 2012), during which several acoustic 

parameters were significantly correlated with depression severity—including total recording 

time, total pause time, pause variability, percentage of time pausing, speech/pause ratio, and 

speaking ratio across both read and free speech tasks. This research has identified that timing 

measures, including speech ratio, are important indicators of depression and symptom 

severity.  
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The analysis of speech intensity—or its physical correlate, ‘loudness’—has returned 

mixed results from investigations. Although the mechanisms are still not completely 

understood, loudness has been connected to respiration, as changes in intensity are primarily 

attributed to variation in subglottal pressure (Herbst et al., 2015; Yao et al., 2016; Zhang, 

2015). It has also been proposed that loudness occurs by increasing laryngeal resistance 

and/or respiratory effort (cf. Kreiman and Sidtis, 2011). In the earliest study of depression and 

intensity changes, Darby, Simmons, and Berger (1984) identified a 69% reduction in loudness 

levels within depressed individuals, as compared to a control group. In a subsequent study 

Kuny and Stassen (1993) found that individuals who experienced decreased levels of 

symptom severity also exhibited an increase in mean loudness and ‘dynamic expressiveness,’ 

i.e., the variation of an individual’s loudness over time. However, more recent studies (e.g.,  

Alpert et al., 2001) have been unable to corroborate these findings; as such, research may 

eventually show that individual variation in speech dynamics has a more influential role on 

loudness than symptom severity.  

3.7.2. Depression and Changes in Phonation 

In contrast to the relatively large amount of studies investigating speech rate, research 

focusing on phonatory differences in depression and other mental health illnesses is limited. 

This scarcity in the literature might be attributed to how difficult it is to define the process of 

phonation, as vibrations at the vocal fold level can be challenging to measure directly. Yet it is 

possible to assess phonation type perceptually, through protocols such as: the Vocal Profile 

Analysis (VPA) scheme (Mackenzie-Beck, 2005); Grade, Roughness, Breathiness, Asthenia, 

and Strain (GRBAS) scale (Isshiki et al., 1969; Minoru, 1981); or Consensus Auditory 

Perceptual Evaluation-Voice (CAPE-V) scale (Kempster et al., 2009). These protocols include 

criteria for evaluating phonatory behaviours, such as creaky or breathy voice, on Likert-type 

gradations.  

No known research to date has carried out these perceptual protocols on depressive 

speech. Therefore other measures must be utilised as indicators of phonation changes in 

depressed individuals. For instance, it is commonly thought that depressive effects on 

phonation are a result of muscular tension. Roy, Nissen, Dromey, and Sapir, (2009) 

demonstrated that constraints in the vocal folds similarly impact jaw and facial muscles; with 

deterioration of motor control at the laryngeal level having downstream effects on articulation 

and resonance as well.  

F0 and its variability can be interpreted as a quantitative measure of vocal fold control 

(as well as being an indirect measure of prosody—see section 3.7.3 on p. 42). Early studies 

thus tend to assess the effects of depression on F0, given the ease of measurement. Flint and 
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colleagues, (1992) found some evidence for differences in F0 between three groups of 

depressed, PD, and healthy subjects. However, these results were found to be non-significant 

when adjusting for sex differences between the two groups. Similarly, Kuny and Stassen 

(1993)—as well as Yang, Fairbairn, and Cohn, (2013)—later corroborated these results with 

a lack of significant findings pertaining to F0 changes in depressed individuals.5 As with all 

research regarding depression, these results may be a consequence of the previously 

discussed heterogeneity factors discussed in section 3.2 (p. 31, above). Yet it may also be 

due to the fact that F0 carries more information than simply indication of mood. As a major 

paralinguistic parameter, F0 also carries a large amount of individual-specific information and 

can be affected by personality traits (Aronovitch, 1976), socioeconomic status (Berg et al., 

2017) and even overall attractiveness (Riding et al., 2006). 

Other authors have applied the measure of Normalised Amplitude Quotient (NAQ) to 

the study of depressed individuals (Scherer, Stratou, Gratch, and Morency, 2013), which is a 

variable that was originally designed to differentiate between breathy and tense voice quality 

(Alku et al., 2002). NAQ, therefore, pertains to the process of phonatory control, i.e., the ratio 

of the maximum peak-to-peak amplitude of the glottal flow, to the minimum of the glottal flow. 

It also contains an additional normalisation of the fundamental period and the sampling 

frequency (Alku et al., 2002; Godin and Hansen, 2015), with higher measures indicating a 

breathier phonation pattern. While NAQ has been shown to be significantly increased in 

depressed patients when compared to healthy controls (Scherer et al., 2013), other 

researchers have pointed out the fact that a speaker with a naturally breathy voice quality (i.e., 

for reasons unrelated to mental health status) could present as a false positive when basing 

classification purely on measures such as NAQ (Cummins et al., 2015). Although potentially 

meaningful when investigated in line with other measures, it does appear that NAQ is not a 

valid parameter to apply in isolation to the problem of classifying depressive speech. 

Two other measures have been used to quantify vocal fold control and coordination: 

jitter and shimmer. These minute measurements pertain to small perturbations in the rate and 

amplitude of vocal fold vibrations: with jitter measuring cycle-to-cycle variability in period 

length, and shimmer measuring cycle-to-cycle variances in amplitude. Quatieri and Malyska 

(2012) demonstrated significant positive correlations between depression severity and jitter, 

                                                           
5 Interestingly, Yang, Fairbairn, and Cohn (2013) did find a significant result pertaining to F0 in their 
research—just not with regards to their depressed participants. Running a similar analysis on the 
interviewers of depressed participants, the authors concluded that these conversation partners tended 
to have lower overall F0 with much higher F0 variability. Put more simply, when interviewing depressed 
individuals, the interviewers became more expressive in their speech, and this expressiveness 
increased as the severity of the participant’s depression increased. The authors hypothesised that this 
behaviour was used to counteract the lack of prosodic variation in the speech of depressed individuals. 
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shimmer, and ‘aspiration’6. Specifically, shimmer increased with overall depression severity 

as well as psychomotor retardation (PMR), while jitter was only correlated with total HAMD 

score (r = 0.11). Aspiration was found to be negatively correlated with overall symptom severity 

and PMR. However, all three measures were relatively small correlations, ranging between r 

= 0.11 and r = 0.23. The authors proposed that this result was due to the presence of PMR in 

their sample subjects, which reduced laryngeal muscle tension7, resulting in a more open, 

turbulent glottis. Likewise, Ozdas and colleagues (2004) found significant increases in jitter 

and glottal spectral slope in depressed and near-term suicidal patients, which they linked to 

excessive vocal fold tension coupled with a lack of coordination of laryngeal and articulatory 

muscles, resulting in irregularly shaped glottal pulses (i.e., more aperiodic).  

Contrasting with these findings, Honig (2014) found strong negative correlations 

between overall depressive severity and shimmer, spectral harmonic, and spectral tilt. Is it 

therefore still undetermined whether these measures accurately capture distinctive vocal fold 

behaviours in depressed individuals. This uncertainty is exacerbated by the fact that jitter and 

shimmer are such minute variables—any small change introduced by a difference in recording 

environment or equipment may have a large impact on the final measurement values. Some 

research has also pointed out issues with reliability and validity of using measures such as 

jitter and shimmer in clinical applications (e.g., Carding et al., 2004).   

Lastly, it can be argued that the inclusion of glottal source parameters is important 

when assessing depressed speech, particularly since it can provide indication of tension and 

coordination at the laryngeal level of movement. Moore, Clements, Peifer, and Weisser (2008) 

found that adding glottal measures to depressed state classifiers increased the accuracy of 

determining depressed from non-depressed speakers, especially when combined with 

prosodic information. Findings such as these highlight the need for including potential glottal 

waveform measures in future investigations, but the question remains as to which 

measurements best serve this goal. Further investigations and more diverse samples are 

required to determine the optimal type of measurement.   

3.7.3. Depression and Changes in Prosody   

Prosody and phonation are intricately linked, and as such, prosodic changes that occur 

as a result of depression will be discussed in relation to phonatory processes. ‘Prosody’ refers 

to intonation components of voice dynamics, occurring over a stretch of syllables or words 

rather than specific speech sounds (Esling et al., 2019). Prosody is not solely based on F0 or 

                                                           
6 The authors defined aspiration as the inverse of the Harmonics-to-Noise Ratio (HNR), which they 
described as being indicative of ‘leakage’ at the vocal folds, or less efficient vocal fold adduction. 

7 Likely erroneously termed as a lack of tension, when it is more prudent to ascribe to lack of 
coordination rather than tension, as described by Ozdas et al., (2004).  
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pitch; rather changes in F0 over the course of a phrase is more indicative of prosody, as it 

demonstrates an individual’s dynamic range of pitch and ultimately more expressive speech.  

Several researchers have investigated F0 variability in depressed patients, with 

varying results. While an early study (Stassen, Bomben, and Gunther, 1991) demonstrated 

no clear difference in F0 variability in depressed speakers—both before and after a course of 

treatment—more recent studies suggest that an increase in this measure may distinguish 

between treatment responders and non-responders (Mundt et al., 2007). In different studies, 

this measure has shown high individual variability. Kuny and Stassen (1993) found evidence 

for high correlations between F0 contour and depressive severity in two-thirds of their study 

participants, but the remaining participants demonstrated no such clear link. More recently, F0 

range was found to be decreased in depressed females, but not their male counterparts 

(Ellgring and Scherer, 1996)—possibly providing an explanation for these variable results. It 

is important to remember that women and men exhibit differences in patterns of frequency 

variation. Female intonation is much more dynamic than their male counterparts, as they tend 

to use a wider pitch range and change pitch more sharply, while men typically adopt a more 

monotone voice (e.g., Graddol and Swann, 1983; Hudson and Holbrook, 1981). As such, 

findings from the previously discussed studies may be primarily reflecting sex differences in 

speaking behaviours; which should be taken into account when investigating meaningful 

differences between groups of speakers. 

One other study (Chaturvedi and Sarmukaddam, 1986) examined the “negative” 

symptoms associated with depression. These negative symptoms are typically related to 

schizophrenia, but do appear in certain types of depression, including: affective flattening, 

alogia, avolition, anhedonia, and attentional impairment. Results from this study indicate that 

speech with ‘affective flattening’—also known as ‘abnormal prosody’—and ‘poverty of speech’ 

were negatively and significantly correlated with treatment improvement. Coupled with the 

aforementioned results (i.e., Mundt et al., 2007), it seems that speakers with abnormal prosody 

demonstrate limited improvement with respect to treatment. Further investigation is necessary 

to assess this insight in a larger sample and with a more specific focus on prosody—rather 

than simply including it in an analysis of other timing and frequency-related measurements.   

3.7.4. Depression and Changes in Articulation  

As previously described, articulation refers to the production of specific speech sounds 

using articulators in the vocal tract. Previous research on this process in depressed individuals 

has been quite limited—both in the number of studies available, and the measures used to 

quantify articulatory behaviour.  
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Many studies searching for vocal biomarkers of depression have adopted a more global 

approach to speech, rather than phone-specific group effects. As such, the small number of 

studies investigating articulation have gained less attention from scholars in comparison to 

other, more easily measurable parameters (e.g., speech rate). This may also be a direct result 

of the fact that there is a scarcity of literature pertaining to the kinematic and articulatory 

demands of speech. Stasak and colleagues (2017) sum up the issue succinctly, stating “while 

it is presumed that greater muscular involvement equals greater articulatory effort, there is, 

however, no literature for instance that provides a quantitative guide on whether the rounding 

of the lips requires less, equal or more effort than voicing a phoneme” (p. 168). These authors 

suggest that further research is desperately needed to better understand articulation and its 

processes in dynamic speech, for both healthy and clinical populations.8 

One measure often used in studies of articulatory behaviour is voice onset time (VOT), 

which refers to the length of time between the release of a plosive and the onset of vocal fold 

vibrations. Given that voicing is a contrastive element in English, strict muscular control is 

required to turn the vocal folds on and off, in order to produce the intended sounds at the 

precise moment that other articulators are in place. Positive VOT measurements indicate 

aspiration on plosives: generally speaking, the longer the VOT, the higher likelihood of 

aspiration. Aspirated plosives in English are common in certain dialects (e.g., Tyneside 

English; Watt and Allen, 2003) and do not typically impact intelligibility; however, having higher 

amounts of aspiration, also known as ‘pre-release frication,’ can be an indicator of impaired 

muscular coordination and control and can be demonstrated in speakers with PD (cf. Karlsson 

et al., 2014). Karlsson et al., (2014) referred to this measure as ‘articulatory closure 

proficiency’ and argued that the ability to coordinate movements in this manner was inhibited 

in their PD sample.  

Specifically with regards to depression, one study has specifically examined VOT 

differences between healthy and depressed speakers on seven initial voiceless stop 

consonants (Flint, Black, Campbell-Taylor, Gailey, and Levinton, 1993). Its results suggest 

that depressed patients had significantly decreased VOT, regardless of the type of consonant 

used for analysis (i.e., labials, velars and lingual alveolars). The authors attributed this finding 

to more rigid laryngeal tone, resulting in a narrower glottal opening after normal abduction. 

                                                           
8 When reviewing findings in this subfield, it is also prudent to note that for each study citing articulatory 
differences between depressed and healthy individuals, there are an equal or greater number of 
parameters used to describe the exact articulatory differences between groups. As such, there is a 
distinctive lack of follow-up studies corroborating the validity of measures in subsequent samples. 
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One similar measurement—‘spirantization,’ which is the presence of aperiodic waves 

not attributable to background noise, during the closure interval of a plosive—has been 

investigated previously in speakers with depression (Flint et al., 1992). This measure was 

unable to distinguish between healthy speakers and those with PD and depression, and further 

investigations with new measures of closure proficiency have thus far not been completed. 

Likewise, in a recent pilot study, Miley and colleagues (2021) did not find significant group 

effects for either plosive duration (in ms) nor length of pre-release frication (in ms) between 

depressed and healthy speakers 

Although not traditionally considered an articulatory measure, Trevino and colleagues 

(2011) completed a correlational analysis of phone duration measures and depression 

severity rating scores. Given that most of the significant correlation results pertained to 

plosives (as compared to other phones), it seems as though depression may affect certain 

phonemes more so than others—especially when grouping these speech sounds by manner 

of articulation. This insight echoes findings in other clinical populations. For example, in an 

investigation of vowel productions in individuals with PD, one study (Bang et al., 2013) found 

that some vowels (/a/, /e/, /i/) were affected while others (/u/) remained very similar to those 

produced by healthy controls. Future studies may demonstrate that certain motor 

configurations necessary for particular speech sounds are more complex than others, or are 

simply more significantly affected by motor impairments or cognitive deficits. To test this 

notion, it is necessary to continue to replicate articulatory findings in large samples with 

controlled recording conditions—as well as across different accents and dialects—to ensure 

that patterns are related to clinical depression, rather than individual or sociolinguistic 

variation.  

Cummins, Sethu, Epps, Schnieder, and Krajewski (2015) presented several new 

measures of articulation in their investigation of depressed speech using the Mundt et al., 

(2007) database. These included Acoustic Movement, which is a marker of the “smoothness 

of the acoustic trajectory of an utterance or the average amount of movement between … 

acoustic regions” (Cummins et al., 2015, p. 36), which the authors found to be significantly 

reduced in the depressed speakers. These findings also coincided with depressed individuals 

utilising less area of acoustic space to complete these trajectories. Other measures of 

articulatory variability (e.g., Mean Acoustic Volume, Inter-Centroid Distance, and Probabilistic 

Acoustic Volume) all demonstrated negative mild-to-moderate correlations with increasing 

levels of depression. This provides further evidence that there is less distinction between 

phonetic sounds in the recordings of depressed individuals, coinciding with previous 

descriptions of slurred speech (Helfer et al., 2013; Williamson et al., 2019). Other research 

has corroborated these findings (Stasak et al., 2017), asserting that it is more efficient to select 
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speech tasks which include wide phoneme-to-phoneme distances within the acoustic space, 

to better differentiate potentially depressed patients—as this type of elicitation places greater 

demands on articulatory gestural transitions. Put more simply, the greater the gestural effort 

required, the easier it is to assess reductions; which may prove to be a key feature in 

identifying depressed speech.  

When reviewing the literature on articulation in depression, it is clear that there is a 

slowing of motor commands during depressive states—but it is unclear whether these 

changes directly affect the precise execution of these articulatory motor commands, or if they 

merely slow down the completion of these commands in real time. From the one study 

investigating consonant production (Flint et al., 1992), it appears that the actual articulation of 

specific speech sounds is similar between depressed and healthy speakers. Perhaps this 

indicates that the duration of phonetic segments contains more information on the mental 

health of the speaker; however, as novel machine learning techniques are employed in the 

literature (e.g., Stasak et al., 2017), more evidence is emerging that articulatory gestures are 

affected in depression. When examined in conjunction with motor timing, this research could 

potentially provide greater insight into mental health-related changes in a speaker’s dialogue. 

3.7.5. Depression and Changes in Formant Behaviour  

Significant articulatory differences between depressed and healthy speakers can also 

impact formant behaviour within speech, as changes within the vocal tract have direct 

implications on which frequencies are amplified. Since formants provide insight into the 

activities of the vocal tract, articulators, and laryngeal muscle system, they offer researchers 

valuable information about motor coordination and control—and are relatively easy to extract 

and measure from everyday speech. For purposes of clarity, several formant-specific studies 

were selected to be discussed separately from the more general articulation-based measures 

discussed in Section 3.3 (see above).  

Several studies have attempted to measure depressive speech formants directly, in an 

effort to understand vocal tract adjustments as they occur in real-time. An early study (Flint et 

al., 1992) attempted to distinguish the speech of elderly (i.e., over 60 years old) individuals 

with PD and depression from that of healthy speakers—using, amongst other measures, 

formant measures. The two vowels in the words ‘light’ and ‘dial’ were used as speech prompts, 

and results demonstrated significant reductions of F2 in speakers with PD and depression. 

France, Shiavi, Silverman, Silverman, and Wilkes (2000) also examined formant statistics to 

differentiate between healthy controls and speakers with Major Depression Disorder. The 

unmedicated depressed females participating in this study had elevated F1 and reduced F2 

values in comparison to healthy controls; meaning that they produced vowels that were lower 



Vocal biomarkers of depression 
 

Page | 47  
 

and farther back in the oral cavity. The authors attributed these findings to increased muscle 

tone and rigidity in the vocal tract as a symptom of psychomotor retardation; however, it is 

difficult to draw robust conclusions from this study, which utilised speech samples from pre-

existing audiotape libraries. As such, there was little control for recording equipment, 

environmental noise, or mouth-to-microphone distance. More recently, Vicsi, Sztahó, and Kiss 

(2012) found evidence for more centralised vowel productions of /e/ and /a/ in the oral cavity 

(i.e., reduced F1 and F2 measures) in speakers with depression. Yet as with previous studies, 

this study was limited by a small sample size (n = 9).  

Different studies have advanced this research by attempting to compare formant 

patterns in the speech of those undergoing treatment for depression and other related mental 

illnesses. Tolkmitt and colleagues (1982) examined 17 depressed and 15 schizophrenic 

patients before and after treatment, measuring vowels /i e ae ei Λ/. Results suggest that F1 

increased in vowels /Λ ei/ after treatment, meaning that speakers made productions lower 

down in the vowel space. At intake, the authors suggested that these vowels were very similar 

to the neutral ‘schwa’ vowel—whereby the vocal tract is in resting position—hypothesising that 

the speakers engaged in less articulatory effort prior to their treatment. As they underwent 

pharmacotherapy, some speakers began to engage in more vocal tract constrictions and 

increased tongue movements. Yet some serious problems emerge when inspecting these 

findings with more scrutiny. First, the authors failed to differentiate between speakers of 

differing mental health conditions, namely depression and schizophrenia. Current research 

points to linguistic differences between the two groups (Lott et al., 2002)—variations which 

could reasonably extend to phonetic differences, although there is a lack of research 

specifically investigating this point. Also, upon closer inspection of the formant data, it appears 

that Tolkmitt and colleagues were only able to complete measurements for vowels from a 

portion of the participants involved in the study, with different formants being based on vowels 

numbering between 2 and 29 in total. Results for those measurements with fewer productions 

should therefore be interpreted with caution, especially for vowel /ei/, which is a diphthong (at 

least in some varieties of English); as such, it would be more applicable to describe a range 

of formant measurements over the course of production, rather than a single formant value.  

More recently, Mundt and colleagues (2007; 2012) added to the literature of formant 

measurements extracted from depressed speakers undergoing treatment—publishing speech 

behaviours that appear to distinguish between responders and non-responders. In their 

earlier, smaller study investigating speech behaviours in depression (Mundt et al., 2007), 

formant measurements were not found to be significant in the differentiation between 

treatment responders and non-responders. However, in the more recent randomized control 

trial (Mundt et al., 2012) which was completed on a large number of participants, n = 105), 
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Mundt and colleagues found evidence to support the importance of F1 in distinguishing 

treatment response. For participants responding to antidepressants, measures of F1 extracted 

from four vowels increased over the course of the study, albeit non-significantly. The same 

measure significantly decreased or remained unchanged in those individuals who did not 

respond to treatment. Thus, it may indicate that F1 values increase with a corresponding 

regain of motor control in treatment responders, while vowel productions become more 

centralised in those who do not respond to treatment as symptoms are maintained. It is 

important to note, however, that the authors did not specify their formant extraction technique 

from multiple vowels, nor whether a normalisation procedure was applied to reduce biological 

variation between participants.  

The wide variability in findings presented above may be a product of a variety of factors 

that contribute to measurement error within the results: choice of speech task, different 

participant inclusion criteria and samples, as well as various formant tracking procedures. In 

these past studies, it does appear that F1 may be asymmetrically affected by depressive 

status, but future studies should continue to investigate this distinction further.  

Finally, a study published last year (Williamson et al., 2019) appeared to corroborate 

the importance of formant measurements in the investigation of depressive speech. For this 

study, the approach differed in the inclusion of the third formant (F3). Williamson and 

colleagues (2019) justified the inclusion of F3 as it may provide additional discriminative 

information, although the authors did concede that it was not equal to the discriminatory power 

of F1/F2. Baseline recording sessions for the 12 depressed speakers and 6 controls in the 

study were used to create individualized prediction models to track depressive severity, as 

expressed by HAMD scores. Video-based features (e.g., facial expressions) were found to be 

the most effective when predicting HAMD scores, especially when using conversational 

speech prompts. Additionally, the inclusion of lower-level features such as the three formant 

frequencies did improve the prediction performance when tracking depression severity levels.  

3.7.6. Depression and Vowel Space Area  

Vowel Space Area (VSA) is still a relatively new concept in the field of speech science, 

and as such, it has not yet made its way into common usage for psychological research. VSA 

has been examined only in one previous study in a sample of American English speakers.   

Scherer and colleagues (2015) provide the only evidence of VSA changes within 

depressed speakers. Individually computed VSA measures were completed based on k-

means clustering of three vowels—/i/, /a/ and /u/—collected from three different datasets of 

depressed speakers. Results indicate that vowel space was reduced for subjects across all 

three datasets, including those participants who were suicidal and those who had Post-
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traumatic Stress Disorder (PTSD), with small to medium effect sizes. The study also found 

evidence to support differential vowel space measures depending on speaking condition. VSA 

was only reduced in speech of free or conversational samples, although read speech did 

demonstrate similar—albeit nonsignificant—directional trends. The authors thus hypothesised 

that read speech may be more hyperarticulated than free speech, and that any effects of 

depression on reducing VSA would be negated by an expanding effect often seen in clear 

speech (Fox and Jacewicz, 2017). Likewise, reading proficiency also may have impacted the 

speech recordings utilised in this study. 

Future work should aim to corroborate these findings in speakers of different dialects, as 

well as under various speaking conditions. For example, read speech may differ under short 

and longer conditions—and may therefore have different corresponding effects on VSA. 

Preliminary work in the literature suggests the presence of reduced VSA measures not only 

in depression, but also in related conditions such as PTSD and suicidality.  

3.8. Conclusions 

This chapter reviewed past and current literature regarding the effect of depression on 

various speech processes. Although parameters were examined in isolation from various 

research studies, it is important to note the importance of assessing these results in relation 

to one other. Many of these past studies were never designed to capture depression-based 

information from speech, and as such, it is reasonable to assume that these attributes may be 

limited in their ability to classify depression in isolation. Certain authors propose the use of a 

multivariate approach (e.g., Stassen et al., 1991), rather than a single dimensional speech 

feature, in the search for discriminatory variables in depressive speech. Given the complexity 

of speech production and the heterogeneity of findings, this perspective will likely be an 

important consideration for future research.  
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4. Chapter 4: A Systematic Review of Vocal Biomarkers 

Indicative of Treatment Response in Depression  

4.1. Introduction and Rationale  

As previously described in Chapter 3, a vast amount of research has been conducted on 

the effects of depression on speech. The majority of these studies have been carried out in 

the hopes of identifying ways to differentiate depressed individuals from non-depressed 

controls, in order to aid in diagnosing the condition. Few of these have studied how speech 

parameters change in conjunction with antidepressant medication, and, in particular, response 

to this medication. Speech production may prove to be a sensitive measure of treatment 

response in individuals as they return to baseline functioning, after therapeutic intervention.  

Diagnosis and therapeutic regiment planning for depressed individuals currently relies on 

the clinical judgement of a general practitioner or clinician—a task made even more difficult 

by comorbid health conditions, multiple treatment pathways, and individual tolerance and 

compliance behaviours. Assessing treatment response in depression is also not fully reliable. 

As previously described in Chapter 2, treatment response is often expressed as a dimensional 

concept, ranging from partial response to complete refractoriness (Kay and Atiq, 2006). For 

the purposes of research, a commonly accepted definition of treatment response is “that 

[which] is good enough such that a change in treatment plan is not required (e.g. > 50% 

reduction in HAMD [Hamilton Depression Rating Scale] scores)” (O’Reardon and Amsterdam, 

1998). There are two parts to this definition: response and choice of treatment plan (Malhi and 

Byrow, 2016); the latter of which can take on many different forms.  

‘Response’ can be seen as an abstract and, often times, unrealistic term in research. A 

large percentage of patients (10-50%) remain significantly resistant to treatment (Al-Harbi, 

2012; Kennedy and Giacobbe, 2007; Rush, Kraemer, et al., 2006). Complete remission is 

uncommon, with at least 50% of ‘remitted’ patients continuing to experience residual 

‘subsyndromal’ symptoms post-treatment (Thase and Rush, 1997). It is also important for a 

clinician to take into consideration the possibility of ‘pseudoresistance’—wherein a patient fails 

to respond to treatment due to an inadequate dose, premature discontinuation, or 

noncompliance (Kay and Atiq, 2006).  

Adding to this list of complexities, there are also multiple treatment options available for 

clinicians to prescribe, with standard courses of treatment including pharmacological, 

psychotherapeutic, and neuromodulatory pathways (see Table 4.1 below); or a combination 
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of these options.9 Each method has its own applicability to various depressive patient 

subgroups, with diverse efficacy rates. As such, a clinician is offered a wide range of treatment 

options for each patient with depression that they assess. Each treatment is capable of further 

variance in terms of dosing and duration of administration (Malhi and Byrow, 2016).   

Table 4.1: Current treatment options for depression. 

Treatment Type Examples 

Pharmacological 

(Antidepressants) 

 Selective serotonin reuptake inhibitors 

(SSRIs)  

 Serotonin-noradrenaline reuptake 

inhibitors (SNRIs)   

 Monoamine oxidase inhibitors 

(MAOIs)  

 Tricyclics (TCAs)  
Psychotherapeutic (Counselling)  Cognitive Behavioural Therapy  

 Interpersonal Psychotherapy  

 Psychodynamic Therapy  
Neuromodulation (Brain 

Stimulation)   

 Repetitive transcranial magnetic 

stimulation (rTMS)  

 Transcranial direct stimulation (tDCS)  

 Electroconvulsive therapy (ECT)  
 

Reviewing these diverse options, there is a clear need for an objective method of treatment 

response assessment, for healthcare providers to use in conjunction with their own clinical 

judgement. With this goal in mind, the search for biomarkers of treatment response has 

already been initiated in research—a small subsection of which focuses on the human voice 

and speech as indicators of mental health status.  

4.2. Vocal Biomarkers as Mediators of Outcome  

The search for more effective treatment strategies for depression includes the 

identification of patients who are more likely to experience the benefits of a given therapy. This 

is usually determined through the discovery of biological and clinical markers of response (cf. 

(Papakostas and Fava, 2008). As such, research has identified the human voice as a sensitive 

output of an individual’s immediate physiological and psychological state.  

  

                                                           
9 A full review of these options is presented earlier in Chapter 1, p. 9.  
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Mediators of efficacy outcome are measurable changes that occur in relation to the 

introduction of treatment, which co-vary with therapy outcomes. These mediators may 

precede treatment outcome, temporally coincide with the outcome, or predict and correlate 

with treatment outcomes following one therapeutic pathway over another (Papakostas and 

Fava, 2008). This final type is referred to as a ‘differential mediator’ and is the basis for this 

systematic review—exploring whether the voice and speech behaviours of a depressed 

speaker offer insight into the underlying pathophysiology of depression, as well as predicting 

changes that occur in response to treatment.  

Much of the initial focus of research into vocal biomarkers of depression has centred on 

differential diagnosis, i.e., identifying individuals with depression apart from healthy controls, 

rather than monitoring treatment response. Only a select few studies have focused on voice 

and speech changes as a result of treatment; even though the continuous monitoring of such 

changes could provide important cues for patients’ improvement during the course of therapy. 

This type of research design (i.e., longitudinal, controlling for medication) could provide further 

information on important biomarkers indicating response or non-response, yet further 

investigation is needed to identify the relevant acoustic variables that are significantly 

impacted in this manner.  

4.3. Methods 

The current systematic review aims to assess the existing literature with regards to the 

following research question: 

 What is the evidence base for specific voice and speech parameters indicative of 

treatment response in depressed patients? 

 

4.3.1. Protocol and Registration   

A copy of the protocol was registered on PROSPERO International prospective register 

of systematic reviews10 on October 26th, 2018 (CR42018111685). A full copy is presented in 

Appendix B.  

 

 

 

                                                           
10 https://www.crd.york.ac.uk/prospero/  

https://www.crd.york.ac.uk/prospero/
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4.3.2. Eligibility Criteria and PICO  

This systematic review will focus specifically on studies investigating:11 

 Population: Female and/or male adults (i.e., over 18 years old) meeting criteria for a 

diagnosis of Major Depressive Disorder with no other co-morbid mental health 

conditions.  

 Intervention: Any pharmacologic, psychotherapeutic, or neuromodulatory 

intervention—not limited to any dose or care setting—for a minimum of two weeks.  

 Comparison: Placebo or no intervention.  

 Outcomes: 

o Response to treatment, as defined as a 50% reduction in clinical rating scale 

over the course of intervention. Any of the following valid rating scales will be 

accepted:  

 Hamilton Depression Rating Scale (HAMD-17 or HAMD-21) (Hamilton, 

1986) 

 Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery 

and Åsberg, 1979) 

 Beck Depression Inventory (BDI) (Beck, 1961) 

o Changes in vocal parameters12, specifically those pertaining to: 

 Frequency (e.g., mean pitch, pitch standard deviation, etc.) 

 Perturbation (e.g., jitter and shimmer measures, etc.) 

 Added Noise (e.g.,  harmonics to noise ratio, glottal noise excitation) 

 Timing (e.g., speech rate, total pause time, number of pauses, etc.) 

 Other parameters (e.g.,  loudness, vocal quality measures, etc.) 

Studies eligible for inclusion included Randomised Controlled Trials (RCTs), 

observational studies, and case control studies, electronically published in peer-reviewed 

                                                           
11 For reasons of transparency, it is important to note two post-registration changes made to the protocol 
inclusion criteria, for reasons of limited study numbers. First, the length of intervention was decreased 
from four to two weeks, because early studies (e.g., from the 1980s) tended to utilise treatment 
programs for less than the recommended time today. Secondly, given the frequent occurrence of 
parameters such as intensity, it was decided to allow for the option of an ‘Other’ category of acoustic 
variable—to accommodate those which did not fit neatly under another heading.   
12 Parameters must be assessed at a minimum twice over the course of the study, to allow for 
comparison pre- and post-treatment.  
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journals in English, from January 198013 to August 2018. Papers not available through open 

access were excluded due to funding limitations.  

Exclusion criteria included review studies, qualitative studies or studies investigating 

children (i.e., 0 - 17 years old).  

4.3.4. Search 

The following electronic databases were searched: Scopus, PUBMED/MEDLINE, 

PROQUEST, PsychInfo, Cinahl, EMBASE, Keele Web of Science, and the Cochrane Library. 

A hand search of reference lists of eligible articles was also completed. Searches were re-run 

just prior to final analysis and write-up. A list of search terms is included in Appendix B.  All 

data extraction was collected and stored on Covidence.org (https://www.covidence.org). 

4.3.5. Summary measures 

As the majority of speech parameters included in the studies pertained to temporal 

parameters (e.g., vocalization time, speech/pause ratios) and frequency-based measures 

(e.g., F0, F1), it was decided that there would be two main categories of acoustic variables: 

‘Temporal Measures’ and ‘Frequency Measures.’ All parameters falling outside of these types 

would be described in an ‘Other Measures’ category.  

Where applicable, random effects models were estimated for specific speech parameters 

with more than one study investigation. Studies that reported means and standard deviations 

for speech parameters were meta-analyzed in R software (R Development Core Team, 2019) 

using standardized mean differences (SMD) as part of the meta (Schwarzer, 2020) and 

metafor (Viechtbauer, 2020) packages. An SMD of zero indicates that treatment had no effect 

on the speech parameter in question, constituting a poor choice of acoustic variable to utilise 

as a vocal biomarker for treatment response. Mean scores were weighted based on the 

precision of the study estimates. In studies where it was impossible to calculate effect sizes, 

due to incomplete reporting, findings were added qualitatively to overall results.  

To measure heterogeneity between studies, I2 and tau squared measures were 

calculated using an inverse variance method of meta-analysis (i.e., Sidik-Jonkman estimator) 

(Sidik and Jonkman, 2005). A random effects model was also applied, given the wide amount 

of heterogeneity between studies in terms of research designs and speech variable outcomes.   

                                                           
13 The rationale for the inclusion of studies published only after January 1980 is that this date coincides 
with the publication of the DSM-III (American Psychiatric Association, 1980) and its accompanying 
introduction of explicit diagnostic criteria and multiaxial diagnostic assessment system for mental health 
conditions. 

https://www.covidence.org/
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4.3.6. Synthesis of results  

Even with the limited number of studies eligible for inclusion in this review, there remained 

variation in the underlying aim of each research study. For example, 15 papers observed 

speech behaviours in individuals undergoing an intervention (often in comparison with a 

control group), presenting the findings in a group-wide manner. Two other studies specifically 

demonstrated the differences in speech parameters between treatment responders and non-

responders, providing information about directionality of change between the two groups. 

Again, for ease of synthesis, the research studies were grouped according to the underlying 

study aim, with treatment responder-based studies being discussed separately in the final 

summary. All extracted data was collated using a Word document tool to facilitate reliability 

between reviewers. Results were then compiled using Excel to express effect directionality, 

based on groups and specific speech parameters.  

4.3.7. Risk of bias in individual studies 

Risk of bias was checked using a hierarchy of evidence approach (Murad et al., 2016), 

whereby the research design was used as a foundation for bias criteria to be applied (Harrison 

et al., 2017). As the majority of studies included in this review were not RCTs, it was decided 

that applying Cochrane-based risk of bias criteria—which favours this approach—would result 

in well-designed longitudinal observational studies to be rated as high risk. To combat this, 

quality appraisal tools were designed in Excel based on whether the study design was an 

RCT, a controlled before-and-after trial, or an uncontrolled longitudinal study. All quality 

appraisal tools had the following assessment domains:  

 Bias due to confounding 

 Bias in participant selection 

 Bias in measurement of exposures and interventions 

 Bias due to departures from intended exposures and interventions 

 Selective outcome reporting  

 Bias in analysis 

 Bias in results 

 Bias in Validity  

 Other Sources of Bias  

All sections were adapted from the Cochrane Risk of Bias Comparison tool (Higgins et al., 

2011). Detailed information regarding intervention was often not provided in the studies under 

review, nor referenced in non-open access papers. As such, it was decided to not complete a 

Template for Intervention Description and Replication (TIDieR; Hoffmann et al., 2014) 
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checklist for each study, although this was initially planned for inclusion as per the systematic 

review protocol.   

4.4. Results 

4.4.1. Study Selection  

After a pre-screening step to allow for 500 studies to be imported to Covidence (the 

maximum allowable number of records) (Veritas Health Innovation, 2020), a total of 443 

records’ abstracts were screened for inclusion. Of these, the full-text of 59 studies were 

assessed for eligibility. A final 17 were included for qualitative synthesis and of these, 4 did 

not provide standard deviations nor correlation measures for their investigated parameters. 

As such, effect sizes for these studies were unable to be computed, and only 13 studies were 

included in a final quantitative analysis. See Figure 4.1 for a PRISMA chart (Moher et al., 

2009) outlining the stages of study selection.  
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PRISMA 2009 Flow Diagram (Adapted) 
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Figure 4.1: PRISMA flow diagram of records excluded at each stage of review. 
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4.4.2. Study Characteristics 

Although the number of studies included in this systematic review is relatively low, there 

is a large amount of variation with regards to study aims, parameters chosen for investigation, 

speech material, and the demographics of participants involved. Of those studies involved, 3 

were RCTs, 4 were classified as cohort studies (i.e., used a comparison or control group), 

while the remaining 10 were listed as uncontrolled longitudinal studies (in which no 

comparison group was used). A hierarchy of evidence breakdown is presented in Figure 4.2, 

and study characteristics are presented in Table 4.2 below.  

 

Figure 4.2: Hierarchy of evidence - a breakdown of the research designs of studies included in this systematic 
review. 

4.4.3. Participants 

Due to research design variability, there is heterogeneity in the inclusion criteria and 

populations under study for the records included in this review. A table of participant 

characteristics is presented in Table 4.3 below. Of the 502 participants included in this 

systematic review, 36% were from inpatient settings and therefore occupy the more severe 

end of the continuum of depressive symptomatology. Three studies (Alpert et al., 2001; 

Boenink et al., 1997; Mundt et al., 2012) also included cut-off scores for inclusion of potential 

research participants. In fact, Alpert and colleagues (2001) required a minimum score of 18 

on the HAMD, whereas Mundt et al., (2012) utilised a cut-off score of 22 on the same 

diagnostic criteria, with both studies including quite severe profiles of depression.  
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Also of note is the mixing of conditions within experimental groups; namely, individuals with 

schizophrenia, bipolar disorder, and personality disorders. Of the total number of participants, 

416 (83%) formally met the classification for major depressive disorder without a comorbid 

mental health condition. Yet this dissertation acknowledges that finding ‘pure’ major 

depressive disorder, without comorbidities, is quite difficult to accomplish in real-world 

settings. Not only is depression highly correlated with conditions such as personality disorder 

(Hirschfeld, 1999), anxiety (Hirschfield, 2001), and substance abuse (Currie et al., 2005), but 

it is also linked to nonspecific chronic physical pain (Menear et al., 2015). As such, it is highly 

unlikely that any study will look at purely depressed individuals from a diagnostic standpoint. 

There is a far greater likelihood that other conditions will also be present within experimental 

samples.  

Across all studies, seven different diagnostic criteria were applied, adding to the 

heterogeneity of the total sample of depressed speakers. A breakdown of these diagnostic 

criteria is presented in Table 4.2.  

Lastly, the country in which each study was conducted has implications for the language 

assessed in each investigation. Participants within this systematic review were a mix of 

English-, Dutch-, French-, German-, Indian-, and Spanish-speaking; adding further 

heterogeneity into the pool of individuals under observation. This may prove to be an important 

differentiating variable for specific findings (e.g., F0 contours), and will be considered as an 

explanatory factor where variation in results occur.  
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Table 4.2: Description of study country of investigation, and diagnostic criteria applied to participants. 

Study  Design Country Primary Diagnosis of Participants Diagnostic 

Criteria Used 

Minimum Inclusion 

Score 

Alpert et al. (2001) RCT USA Major Depressive Disorder DSM-III-R 18 - HAMD 

Boenink et al. (1997) ULS The 

Netherlands 

Seasonal Pattern Depression DSM-III-R 13 - BDI 

Bouhuys et al. (1990)  ULS The 

Netherlands 

Major Depression and Bipolar Disorder DSM-III Not specified 

Chaturvedi et al. (1986) ULS India Endogenous Major Depressive Disorder RDC Not specified 

Darby et al. (1984) CBA USA Unipolar Disorder (n = 10) 

 Bipolar disorder (n = 3)  

RDC Not specified 

Ellgring and Scherer 

(1996) 

ULS Germany Major Depression (n = 11)  

Bipolar Disorder (n = 3) 

Neurotic Depression (n = 2) 

ICD Not specified 

Garcia-Toro et al. (2001) CBA Spain Major Depressive Disorder DSM-III-R Not specified 

Giedke and Heimann 

(1987) 

RCT Germany Major Depressive Disorder RDC Not specified 
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Godfrey and Knight 

(1984) 

CBA New 

Zealand 

Major Depressive Disorder DSM-III Not specified 

Hardy et al. (1984) ULS France Major Depressive Episode (n = 14);  

Dysthymic Disorder (n = 2) 

DSM-III Not specified 

Kuny and Stassen (1993) CBA Switzerland Affective psychoses (n = 22);  

Schizoaffective psychoses, depressive state (n = 3); 

Depressive state (n = 2);  

Reactive Depression (n = 1) 

ICD Not specified 

Mundt et al. (2007) ULS USA Major depressive disorder DSM-IV 22 - HAMD 

Mundt et al. (2012) RCT USA Depression but not specified Not specified Not specified 

Nilsonne (1988) ULS Sweden Major Depressive Disorder with melancholia, of which one 

was bipolar (n = 9);  

Major Depressive Episode without melancholia (n = 4); 

Cyclothymic Disoder (n = 1);  

Dysthymic Disorder (n = 1);  

Personality Disorder (n = 1) 

DSM-III Not specified 

Renfordt (1989) ULS Germany Endogenous Major Depressive Disorder Feighner-Criteria Not specified 



Vocal biomarkers of depression 
 

Page | 62  
 

Stassen et al. (1991) ULS Switzerland Affective Psychoses (n = 11); Schizoaffective psychoses 

in depressed state (n = 3); Neurotic depression (n = 1); 

Alcohol dependencies (n = 2); Reactive Depression (n = 

3) 

ICD Not specified 

Tolkmitt et al. (1982) ULS Germany Major Depression ( n = 17) 

Schizophrenia (n = 15) 

Not specified Not specified 

 NB: BDI – Beck Inventory of Depression; CBA – controlled before-and-after study; DSM-xx – Diagnostic Statistical Manual, version; HAMD – Hamilton Depression Rating Scale; ICD – 

International Classification of Diseases, RCT – randomised controlled trial; RDC – Research Diagnostic Criteria; ULS – uncontrolled longitudinal study  
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4.4.4. Interventions/Length of Interventions 

The specific type of therapeutic intervention used was also compared across studies. 

Figure 4.3 provides a graphic representation of the breakdown of intervention types within this 

systematic review. The majority of studies utilised pharmacologic therapy or some 

combination thereof (12 studies). Two studies did not specify the treatment utilised (further 

information provided in Table 4.3, below).  

 

Figure 4.3: Types of interventions utilised across the 17 studies in this systematic review. 

 

The length of interventions range from 2 to 36 weeks, with many studies citing ‘variable’ 

lengths of time that a participant spent enrolled in the study. A full list of interventions and their 

specified lengths is presented in Table 4.3 (below).  
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Table 4.3: Description of interventions and depressed participants in the included study designs of this systematic review. Information for control participants was reported ni an 
ad hoc manner and not as well-defined as depressed speaker groups.  

Study Participants 

(N) 

% Female Mean Age Setting Intervention Type Intervention Length 

(weeks)14 

Alpert et al. 

(2001) 

22 45% 67.3 ± 5.99 years Outpatient PP 12 

Boenink et al. 

(1997) 

41 100% 36.7 ± 11 years Outpatient OT 0.5 

Bouhuys et al. 

(1990)  

14 79% 45.9  ± 13.5 years Inpatient OT 1 

Chaturvedi et al. 

(1996) 

34 47% 15 – 24 years: n = 7 

25 – 34 years: n = 10 

35 – 44 years: n = 8 

45 – 55 years: n = 9 

Not specified PM, NM 30 

Darby et al. 

(1984) 

13 0% 48  ± 11 years Inpatient PM 6 

Ellgring and 

Scherer (1996) 

16 69% 55.6 years Inpatient PM 7 

Garcia-Toro et 

al. (2001) 

23 87% 40.2 ± 8.9 years Outpatient PM 8 

Giedke and 

Heimann (1987) 

59 69% 47 ± 11 years Outpatient PM 4 

Godfrey and 

Knight (1984) 

5 80% Not specified Inpatient NS NS 

                                                           
14 Where weeks were not specified, an average was calculated for the included study. Monthly intervention lengths were also converted to weeks.  
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Hardy et al. 

(1984) 

16 69% 22 – 74 years Inpatient PM, NM 3.5 

Kuny and 

Stassen (1993) 

30 60% 47.9 ± 16 years Inpatient PM 2 

Mundt et al. 

(2007) 

105 42% 37.8  ± 12.5 years Outpatient PM, PT 6 

Mundt et al. 

(2012) 

35 57% 41.8 years Outpatient PM 4 

Nilsonne (1988) 16 Not specified Not specified Inpatient/ 

Outpatient 

PM 36 

Renfordt (1989) 21 76% 49.5 years Inpatient PM 4 

Stassen et al. 

(1991) 

20 40% 43.1 years Inpatient NS 2 

Tolkmitt et al. 

(1982) 

32 Not specified Not specified Inpatient PT NS 

Total  502 271 females 

183 males 

48 not 

specified 

 Inpatient – 9 

Outpatient– 7 

Mixed – 1  

PM only – 9  

PT only – 1 

PM/NM – 2 

PM/PT – 1 

OT – 2 

NS – 2  

Avg. 8.4 weeks 

 NB: PM – Pharmacologic, PT – Psychotherapeutic, NM – Neuromodulatory, NS – not specified; OT – other   
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4.4.5. Choice of Speech Parameters 

The majority of speech parameters under investigation fall into either frequency- or timing-

related categories. A small number (e.g., loudness, vocal quality scales) were characterised 

under a general ‘Other’ label (see Table 4.4).  

Table 4.4: Speech parameters investigated by the studies included in this systematic review. 

Speech 

Parameter 

Category 

Measured Variables Studies 

Temporal Total Recording Time Godfrey and Knight (1984) 

Hardy et al. (1984) 

Kuny and Stassen (1993) 

Mundt et al. (2007) 

Mundt et al. (2012) 

Nilsonne (1988) 

 Mean Utterance Duration Alpert et al. (2001) 

Garcia-Toro et al. (2000) 

Kuny and Stassen (1993) 

Stassen et al. (1991) 

Renfordt (1989) 

 Speaking/Phonation Time Hardy et al. (1984) 

Mundt et al. (2012) 

Nilsonne (1988) 

 Percent Talk Time Alpert et al. (2001)  

 Speech Pause Time/Total Length 

Pauses 

Garcia-Toro et al. (2000) 

Giedke and Heimann (1987) 

Hardy et al. (1984) 

Kuny and Stassen (1993) 

Mundt et al. (2007) 

Mundt et al. 2012 

Nilsonne (1988) 

 Number of Pauses Ellgring and Scherer (1996) 

Godfrey and Knight (1984) 

Mundt et al. (2007) 

Mundt et al. (2012) 

Renfordt (1989) 

 Pauses per Second Kuny and Stassen (1993) 
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Stassen et al. (1991) 

 Mean Pause Duration Alpert et al. (2001) 

Kuny and Stassen (1993) 

Stassen et al. (1991) 

 Speaking Rate Mundt et al. (2007) 

Mundt et al. (2012) 

Frequency Mean F0 Alpert et al. (2001) 

Boenink et al. (1997) 

Bouhuys et al. (1990) 

Mundt et al. (2007) 

Mundt et al. (2012) 

Nilsonne (1988) 

 Minimum F0 Ellgring and Scherer (1996) 

 F0 SD Alpert et al. (2001) 

Boenink et al. (1997) 

Garcia-Toro et al. (2000) 

Mundt et al. (2007) 

Mundt et al. (2012) 

Nilsonne (1988) 

Stassen et al. (1991) 

 F0 Range Ellgring and Scherer (1996) 

Garcia-Toro et al. (2000) 

 F0 Contour and F0 within 6-dB-

Bandwidth 

Kuny and Stassen (1993) 

 F0 Rate of Change Nilsonne (1988) 

 Mean F1 Mundt et al. (2012) 

Tolkmitt et al. (1982) 

 F1 COV Mundt et al. (2007) 

 Mean F2 Tolkmitt et al. (1982) 

 F2 COV Mundt et al. (2007) 

 Mean F3 Tolkmitt et al. (1982) 

Other Intensity/Energy per Second Alpert et al. (2001) 

Kuny and Stassen (1993) 

Stassen et al. (1991) 

 Intensity SD Alpert et al. (2001) 

Garcia-Toro et al. (2000) 



Vocal biomarkers of depression 
 

Page | 68  
 

 Intensity Range Garcia-Toro et al. (2000) 

 Minimum Intensity Garcia-Toro et al. (2000) 

 Energy in Low Frequency Bands Garcia-Toro et al. (2000) 

 Voice Quality (as assessed by 

Mayo Clinic Dysarthria Scale) 

Darby et al. (1984) 

 Affective Flattening Chaturvedi and Sarmukaddam 

(1986) 

 Alogia Chaturvedi and Sarmukaddam 

(1986) 

4.5. Synthesis of results 

The current review included two main types of study design: 1) following a single group 

of participants as they underwent therapy, presenting groupwise trends in pre- and post-

treatment acoustic variables, and 2) completing a final comparison between treatment 

responders and non-responders (or a control group). Both types provide insight into specific 

measures that significantly change in accordance with treatment; however, the second study 

design has demonstrated more specificity of results. Findings from both categories of study 

design will be presented below.  

4.5.1. Pre and Post Treatment Studies  

The vast majority of included studies observed variation in acoustic parameters over the 

course of treatment in a group of depressed individuals, without separating those who 

improved from those who did not.  

Alpert et al. (2001) compared a group of depressed speakers over the course of therapy 

to a healthy group of controls, finding evidence that improvement was reflected differently in 

speech when separating by psychomotor subgroups of depressive symptoms. Those with 

psychomotor retardation only demonstrated shorter pauses as they showed less severe 

symptom profiles, while psychomotor-agitated speakers exhibited longer duration of 

utterances. This study represents one of the first to split speakers in this manner, and 

demonstrates the difference between depressive states (linked to temporal parameters) and 

depressive traits—which are entrenched behaviours (e.g., such as prosodic features) that do 

not change with respect to treatment improvement.  

Recent studies have found evidence for certain nonverbal behaviours to be unaffected after 

positive clinical response to antidepressants (Fiquer et al., 2018). As such, it is possible that 

specific speech parameters persist long after treatment response, becoming identifiable traits 

after initial diagnosis. Yet this kind of generalisability is limited, given that only elderly speakers 

were recruited to the study (over age 60), and that depressed participants were considered to 
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be quite severe in their symptom profiles (with a minimum score of 18 on the HAMD listed as 

inclusion criteria).  

Boenink and colleagues (1997) examined response to light therapy in Seasonal Affective 

Disorder (SAD), focusing exclusively on pitch (F0) as a marker for tension. Speakers with a 

specific pitch profile (i.e., those with high pitch, low variation) benefitted more from this type of 

therapy, which may highlight the heterogeneity of the diagnosis—and the potential need for 

subgrouping when examining speech parameters.  

In a study of total sleep deprivation, Bouhuys and colleagues (1990) found no evidence to 

suggest that vocal parameters were related to changes in depressed mood, suggesting 

instead that variation in mood and speech are regulated by different causal mechanisms. 

However, only frequency related measures (i.e., F0 and its variation) were examined here, 

which may have provided a limited picture of overall speech changes.  

Chaturvedi and Sarmukaddam (1986) examined negative symptoms over the course of 

treatment within an outpatient clinic in India. A few of these variables pertained to changes in 

speech and vocal behaviours, namely affective flattening and alogia. Both of these behaviours 

were negatively and significantly correlated with symptom improvement, suggesting that as 

individuals responded to treatment, their speech became more dynamic and fluent. Similarly, 

Darby and colleagues (1984) examined vocal quality parameters in depressed speakers over 

the course of treatment. Using the Mayo Clinic Dysarthria Scale (Darley et al., 1969), Darby 

and colleagues found evidence for a large reduction in abnormal speech behaviours. 

Unfortunately, the use of the scale did not allow for an item-by-item analysis, in order to assess 

which specific behaviours were most affected by improvement in treatment. The authors 

disclosed that even though depressed speakers exhibited more of these speech behaviours, 

the results do not support the theory that depressive speech is abnormal in any way.  

Ellgring and Scherer (1996) also examined frequency and temporal speech parameters in 

a small sample of 11 women and 5 men, finding preliminary evidence for gender differences 

in variables affected by treatment response. Minimum F0 decreases were exhibited in women 

as they showed improvement. Temporal parameters were also most robustly linked to mood 

improvement—specifically speaking rate and pause durations. Importantly, symptoms were 

not assessed as treatment response; clinical improvement was instead assessed by changes 

in mood, as measured by a Visual Analog Scale.  

Garcia-Toro and colleagues (2000) also presented the effects of antidepressant therapy 

on Spanish-speaking participants who responded to treatment, comparing these to a control 

group at baseline. Standard deviations were not provided along with group means—

preventing effect sizes from being computed—but participant ‘improvers’ did display lower 
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speech pause time measures, F0 standard deviations, and proportion of energy in low 

frequency bands, as well as increases in standard deviation of intensity.  

Another RCT (Giedke and Heimann, 1987) assessed psychophysiological changes in 

depression in individuals undergoing antidepressant therapy. This study investigated a range 

of parameters including blink rate, skin resistance, salivation, and speech pause time while 

counting from 1 to 10. Of these parameters, speech pause time did not differ significantly over 

the course of the 28-day treatment period. However, effect sizes were not calculated, as 

reporting did not meet standard conventions (i.e., missing mean and standard deviation values 

for the groups at specific timepoints). Furthermore, using a counting task and focusing on 

psychophysiological aspects of depression, Godfrey and Knight (1984) found differing results 

for speech activity over the course of therapy: the mean pause time of depressed speakers 

decreased to the level of non-depressed controls at the time of their discharge; whereas 

phonation time and total recording time did not demonstrate significant changes. Hardy and 

colleagues (1984) replicated these findings in a study in the same year—finding that speech 

pause time, but not phonation time, significantly changed over the course of treatment. In 

contrast to Godfrey and Knight (1984), total recording time did significantly decrease between 

the two timepoints, despite once again using an automatic speech counting task.  

Stassen and colleagues (1991) recorded 20 hospitalised patients over varying courses of 

therapy over a 2-week period. The authors proposed that single-parameter models of 

depressive speech variation were not sufficient to identify changes occurring over the course 

of treatment; instead, multiple variables should be assessed. Building from this pilot study, 

Kuny and Stassen (1993) demonstrated that in two-thirds of cases within their depressed 

sample, significant relationships emerged between depression scores and speech 

parameters. The authors attribute the remaining third of patients, who did not exhibit this 

pattern, to differing trajectories of improvement; noting that it was particularly difficult to track 

irregular patterns of slight improvement followed by subsequent deterioration.  

Nilsonne (1988) described speech parameters that varied in a small sample of depressed 

speakers undergoing pharmacologic treatment. Those who experienced a decrease in 

depressive symptoms also demonstrated significant decreases in total pause time and 

percentage of time spent producing pauses—as well as increases in F0 standard deviation 

and rate of change of F0, corresponding to the extent to which the speaker engaged in ‘rapid’ 

F0 changes.  

Renfordt (1989) completed a double-blind RCT, examining the mean duration and 

frequency of speech phases and pauses in two groups of depressive speakers undergoing 

treatment with amitriptyline and pirlindol. The two groups exhibited differing patterns of 
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changes over the course of treatment, regarding both their clinical improvement as well as 

speech temporal parameters. Yet it is difficult to assess the statistical relevance of these 

findings, given that p-values were not provided by the authors.  

Finally, Tolkmitt and colleagues (1982) presented one of the first investigations into formant 

behaviour in a mixed group of depressive and schizophrenic speakers during treatment. After 

therapy, productions of specific vowels appeared to be less centralised along the first formant 

(F1) axis—although the number of cases used for this analysis was demonstrably smaller than 

those included in their investigation of F0 changes. Unfortunately, their reporting style made it 

impossible to calculate effect sizes, and the inclusion of schizophrenics may impair their 

results with respect to validity in depressed populations.  

4.5.2. Treatment Response versus Non-response Studies 

Only two of the studies included in this review went a step further in the assessment of 

speech changes with treatment, separating post-treatment speech parameters between 

participants who responded to treatment and those who did not. Mundt and colleagues 

completed two studies: 1) a small pilot study (Mundt et al., 2007) monitored participants 

undergoing a mixture of treatments (pharmacologic and psychotherapeutic); and 2) a large-

scale study (Mundt et al., 2012) that corroborated findings. Both studies provided evidence 

that as individuals respond to treatment, their temporal speech behaviours change as well. 

Total recording time, vocalization time, number of pauses, and pause variability decreased 

across various speech tasks, whereas speaking rate also significantly increased in both 

studies. Formants were also examined in both responders and nonresponders, with the latter 

exhibiting significant decreases in F1 over time.  

4.5.3. Results by Speech Parameter 

For simplicity, speech parameters were grouped together by category of analysis: those 

pertaining to temporal measures of speech (e.g., total recording time, pausing behaviours, 

and speaking rate), frequency (e.g., F0 or any formant measurements), and an ‘Other’ 

category to encapsulate any additional acoustic variables under investigation.  

For clarity, results are presented in forest plots by category of speech parameter. 

Variables within the plot include ‘g’, which represents effect size (the farther from zero, the 

larger the effect size), along with 95% confidence intervals (95% CI) and weighting, which 

takes into account study sample size and applies a weight to each study based on this. 

Heterogeneity is also presented in the lower part of each graph (as I2), which denotes the 

difference in effects between studies. The Cochrane handbook uses this measure to quantify 

inconsistency in meta-analyses, with a rough guide to interpretation being:  
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 0 – 40% - might not be important 

 30 – 60% - may represent moderate heterogeneity 

 50 – 90% - may represent substantial heterogeneity 

 75% - 100% - considerable heterogeneity  

4.5.4. Temporal Measures 

Largely, temporal measures were the most commonly investigated type of parameter 

within the included studies under review. Measures centred around time spent vocalizing (i.e., 

phonating) and pausing over the course of the speech tasks. 

Total Recording Time 

The time spent completing speech tasks was assessed in the depressed participants 

across several studies, and appears to decrease over the course of treatment in both the pre- 

and post-treatment designed studies (z = -2.52, p = .01; see Figure 4.4) and the treatment 

responder differentiation studies (z = -3.21, p = .001; see Figure 4.4). Time spent completing 

speech tasks appears to decrease over the course of an intervention; as such, this behaviour 

can be used as an identifier of depressed individuals who are responsive to treatment and 

experiencing an alleviation of symptoms. In a similar vein, Godfrey and Knight (1984) reported 

a significant decrease in total recording time within the depressed group of speakers over the 

course of treatment (F = 24.97, p < .001)—a pattern which was not elicited in their control 

group.   
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Figure 4.4: Random effects model estimation for total recording time in the two treatment responder comparison to 
non-responder studies15. NB: (*) denotes an averaged effect size over reported measures for free speech and 
automatic speech tasks 

 

Utterance and Phonation Behaviour 

Total utterance time, defined as time spent speaking between pauses, was examined in 

four of the pre- and post-treatment comparison studies. Checking the random effects models 

suggests that this variable does not change over the course of treatment (z = -0.09, p = .927; 

see Figure 4.5). Renfordt (1989) reported a tendency for depressed speakers to exhibit an 

initial decrease in ‘speech phase’ time—analogous to ‘utterance’ time—but only for one group 

of depressed speakers. Following the 28-day period of intervention, this measure increased 

by 30% in the group assigned to amitriptyline; a similar tendency was not observed in the 

pirlindol group. However, the frequency of these speech phases did increase in both groups 

by the end of the intervention period.  

 

Figure 4.5: Random effects model estimation for the effects of treatment on utterance duration within the pre- and post-
treatment designed studies. 

Total time spent vocalizing was also assessed by several studies. This refers specifically 

to phonating, where the vocal folds are actively engaged, and several measures assessed 

this variable. Similar to the utterance duration results, the random effects model suggests that 

vocalization time is not significantly affected over the course of treatment (z = -0.19, p = .846; 

                                                           
15 It should be noted that due to differences in scale for figures in this chapter, all x-axis scales should be 

interpreted as follows: as an effect size approaches zero, it becomes a weaker effect and thus less likely to be a 
strong vocal indicator denoting depressed speech as compared to healthy speakers. As an effect size approaches 
+/- 1 and beyond, this should be considered a strong to very strong effect and thus, a more robust indicator of 
depression in speech recordings.  
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see Figure 4.6). Mundt et al. (2012) also found no evidence to suggest that phonation time 

differs in treatment responders and non-responders over the course of a six-week course of 

treatment; the variable did not significantly correlate with HAMD scores (r = 0.07, p > .05).  

 

Figure 4.6: Random effects model estimation for the effects of treatment on phonation time measures within the pre- and 
post-treatment designed studies. 

 

Pausing Behaviour 

To assess the portion of recording time not spent vocalizing, pause time was also measured 

in the depressed group of speakers across a number of studies. Pausing behaviour was 

quantified in a variety of measures, including speech pause time (i.e., a ratio), pauses per 

second, and mean pause duration.  

The amount of pausing was affected over the course of treatment, with the amount of time 

spent in a pause significantly decreasing post-intervention (z = -2.19, p = .028; see Figure 4.7 

below); although a substantial amount of heterogeneity was present in this measure (tau2 = 

0.765). This is likely the result of variation in research setting and speech tasks analysed, as 

well as differences in the exact definition of the length of a pause—varying between 200-390 

ms where actually defined (unfortunately, the majority of studies did not provide a definition 

for what constituted a pause).  

Ellgring and Scherer (1996) also reported a substantial drop in pauses per 100 syllables in 

both their depressed male and female speakers; yet standard deviation was not reported, 

making it impossible to calculate effect size. Their results also included positive correlations 

between the time spent pausing and subjective wellbeing, as assessed by their visual analog 

scale, but neither of these measures reached significance. Godfrey and Knight (1984) also 

reported a significant decrease in the number of pauses over time in their study, while Renfordt 

(1989) found evidence to suggest that this pattern was only present in a subset of depressed 

speakers. Depressed speakers receiving amitriptyline did indeed demonstrate a decrease in 

the number of pauses over time; in stark contrast, those speakers undergoing treatment with 
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pirlindol exhibited an almost continuously increasing number of speech pauses, with a final 

estimation of approximately 30% increase at the end of treatment (Renfordt, 1989).  

Adding to this heterogeneity, Giedke and Heimann (1987) found no significant difference 

in speech pause time in their study participants. This may, again, be due to the heterogeneity 

in research designs. Giedke and Heimann (1987) utilised automatic speech tasks (i.e., 

counting) to measure pauses, whereas the majority of other studies utilised read or free 

speech material (except for Hardy et al., 1984, who also used counting as a speech task).  

 

Figure 4.7: Random effects model estimation for the effects of treatment on speech pause time measures within the pre- and 
post-treatment designed studies. 

Two other studies also provided a ‘pauses per second’ measure (Kuny and Stassen, 1993; 

Stassen et al., 1991). Although these studies suggested a decrease in this measure over the 

course of treatment, results did not achieve significance (z = -0.89, p = .376; see Figure 4.8 

below).  

 

Figure 4.8: Random effects model estimation for the effects of treatment on pauses per second within the pre- and post-
treatment designed studies. 

In both studies by Mundt and colleagues (2007; 2012), the amount of pausing was 

assessed as a potential differentiating variable between treatment responders and non-

responders. The effect of intervention on measures of pausing in treatment responders was 

quite strong (z = -3.20, p = .001; see Figure 4.9); with the total amount of pausing significantly 

decreasing in treatment responders, as compared to non-responders (z = -3.25, p = .001; see 

Figure 4.10). Interestingly, Mundt and colleagues (2012) also provided results for the standard 

deviation of the number of pauses seen in treatment responders and non-responders, as well 
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as measuring the average duration of these pauses. Although the collated results suggest a 

trend toward a slight decrease in the mean duration of pauses, these results did not achieve 

significance (z = -0.76, p = .448; see Figure 4.11).  

 

Figure 4.9: Random effects model estimation for the effects of treatment on number of pauses within the studies comparing 
treatment responders and non-responders. 

 

Figure 4.10: Random effects model estimation for the effects of treatment on total pause time within the studies comparing 
treatment responders and non-responders. 

Ellgring and Scherer (1996) also found significant positive correlations between the 

mean pause duration and their visual analog mood scale—specifically for female participants 

with increased symptoms at the end of the treatment period, who had longer pause durations 

(r = 0.72, p < .001, for females; r = 0.49, p > .05 for males). Renfordt (1989) determined that 

mean pause duration decreased in a depressed group who were receiving amitriptyline, yet 

those undergoing treatment with pirlindol did not demonstrate any differences on this measure. 

 

Figure 4.11: Random effects model estimation for the effects of treatment on mean pause duration within the pre- and post-
treatment designed studies. 

 

 

 

 

 



Vocal biomarkers of depression 
 

Page | 77  
 

Speaking Rate Measures  

Ellgring and Scherer (1996) assessed speaking rate in depressed groups of people. Men 

and women both demonstrated significant increases in speaking rate as an effect of therapy 

(22.6% increase seen in female patients, compared to 24.0% increase in males), yet this 

measure was significantly related to subjective well-being measures in females only (-0.610, 

p < .01). 

In both of the Mundt and colleagues (2007; 2012) studies, treatment responders 

demonstrated a significant increase in speaking rate (z = 2.04, p = .042; see Figure 4.12). 

Interestingly, the ratio of female to male participants decreased in their 2012 experiment—

providing a possible explanation for the less robust effect (g = 0.44) compared to that seen in 

Mundt and colleagues (2007), which had a higher number of enrolled female participants (g = 

1.21). Although further analysis is needed, it may be determined that speaking rate changes 

in depression are gender-specific to female patients, based upon observations from Ellgring 

and Scherer (1996).  

 

Figure 4.12: Random effects model estimation for the effects of treatment on speaking rate within the studies comparing 
treatment responders and non-responders. 

 

4.5.5. Frequency Measures  

Mean F0 

For three studies in the pre- and post-treatment research design, mean F0 was measured 

with appropriate standard deviations provided to calculate effect sizes (Alpert et al., 2001; 

Boenink et al., 1997; Nilsonne, 1988). As expressed by SMD, treatment did not have a 

significant effect on mean F0 over the course of the studies (z = 1.46, p = .14; see Figure 4.13 

below). Combining the three studies resulted in substantial levels of heterogeneity (I2 = 73%, 

p = .03), possibly reflecting the individual nature of F0. It is important to note that the study 

with the largest effect size (Boenink et al., 1997) examined the effects of therapy within a 

subset of speakers with seasonal affective disorder, rather than major depressive disorder.  

Other studies also assessed mean F0 but reporting standards made it impossible to 

calculate effect sizes, thus excluding them from the meta-analysis. Bouhuys and colleagues 
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(1990) reported a significant, moderate correlation (r = -0.619, p = .02) between mean F0 and 

the Adjective Mood Rating Scale (AMRS; von Zerssen, 1986) over the course of sleep 

deprivation therapy, with lower scores indicating less depressive mood states in the 

participants. In other words, as AMRS score decreased, mean F0 increased in this sample of 

patients. Additionally, Ellgring and Scherer (1996) reported correlation results for minimum F0 

and a different visual analog mood scale for female depressed speakers only (r = 0.69, p < 

.001 for females and r = .28, p > .05 for males); when the symptoms of depressed female 

speakers increased on this mood scale, so too did minimum F0.  

 

Figure 4.13: Random effects model estimation for the effects of treatment on mean F0 within the pre- and post-treatment 
designed studies.  

Within the research model comparing treatment responders to non-responders, one 

study (Mundt et al., 2012) reported on mean F0 changes over the course of treatment. The 

standardised mean difference (SMD) between responders and non-responders was 

significantly different (z = 2.05, p = .04) to a moderate effect size (Hedge’s G = 0.404; 95% CI 

= 0.017, 0.791).  

Variance of F0 

Variability of F0 (through standard deviation and coefficient of variance measures) was also 

reported across the studies included within this review. In the pre- and post-treatment design 

studies, standard deviation of F0 did not have a cohesive pattern across studies (see Figure 

5). Overall, treatment did not exert an effect on F0 standard deviation within this group of 

studies (z = 1.55, p = 0.12; see Figure 4.14). Similarly, Garica-Toro and colleagues (2000) 

and Ellgring and Scherer (1996) reported on F0 range; the former did not find evidence to 

suggest that this measure changed over the course of therapy, whereas the latter did not find 

significant correlations for range in either their male or female participant subgroups.  
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Figure 4.14: Random effects model estimation for the effects of treatment on F0 SD within the pre- and post-treatment 
designed studies. 

 

Only one study within the treatment responder versus non-responder group of studies 

reported on this measure (Mundt et al., 2007). In this study, treatment responders did 

significantly increase in their F0 range, whereas non-responders decreased in their range. By 

failing to separate speakers by responsiveness to treatment, other studies on depressed 

speech may be masking this change in F0 range. 

The mean contour of F0 was also assessed by Kuny and Stassen (1993). This measure 

relates to the distribution curve of the fundamental frequency, and can be roughly defined as 

being a measure of intonation. In this study, the mean contour was not found to change 

significantly over the course of the two-week intervention period (Kuny and Stassen, 1993). 

This study also included a measure of F0 within the 6-dB bandwidth, which the authors 

describe as related to dynamic variation in pitch (measured in quartertones). This measure 

did significantly decrease over the course of treatment, but the calculated effect was small 

(Hedge’s g = -0.239) with confidence intervals including zero (95% CI: -0.747, 0.269).  

Lastly, Nilsonne (1988) introduced two measures of F0 not seen elsewhere. He examined 

rate of change of F0, as well as its standard deviation over the course of treatment. The ‘rate 

of change’ measured “the extent to which rapid F0 increases or decreases are 

predominant…[and] the balance between the positive and the negative rates of F0 change in 

the speech sample” (Nilsonne, 1988, pp. 242-243). This was found to not be significantly 

impacted by clinical state. The standard deviation was, in Nilsonne’s view, analogous to the 

standard deviation of F016—with a higher value reflecting “less monotony.” Values for this 

parameter were lower for all patients, and were also significantly correlated to changes in 

psychomotor retardation scores. It should be noted that there was wide inter-individual 

                                                           
16 Although the two measures did not reach significant correlations.  
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variation on this measure, with overlap being exhibited between the depressed and healthy 

speaker groups.  

Other Formant (F1, F2, F3) Measurements  

Within the pre- and post-treatment studies, only one (Tolkmitt et al., 1982) examined first 

formant (F1) differences in depression. This study found that specific vowels (/ʌ/, /ei/) were 

produced in raised positions in the vowel space, while others (/i/, /ae/, /e/) demonstrated no 

significant variation by clinical state. No other significant differences emerged pre- and post-

treatment for second formant (F2) or third formant (F3) measurements. Importantly, analysis 

by Tolkmitt and colleagues (1982) was only completed on a subset of the total participants, 

due to problems with recordings, and the final number included speakers with schizophrenia. 

It is thus possible that actual differences specific to depression were masked in this mixed-

participant group.   

Mundt and colleagues (2012) also examined F1 measurements between treatment 

responders and non-responders over the course of 4 weeks. Responders exhibited a 

significant increase of 11.4 Hz, whereas non-responders actually decreased along this 

parameter by 14.3 Hz. In their earlier study (Mundt et al., 2007), F1 coefficient of variance 

(COV) did not demonstrate any significant correlations with HAMD scores over the course of 

treatment—although F2 COV did to a small extent (r = -0.17, p < .05). Neither of these 

measures significantly differentiated treatment responders from non-responders. It should be 

noted that although four vowels were initially recorded, results were only reported for 

measures using the middle three seconds of the /a/ vowel, derived using an automated Praat 

Script (Vogel et al., 2010).  

4.5.6. Other Measures 

 

As is common in acoustic studies, there was a wide variety of parameters under 

investigation that did not fit neatly into either the temporal or frequency measure categories. 

These were analysed separately under an ‘Other’ category. With only one exception, all of the 

parameters listed in this category were only examined once in the studies under review, and 

were not corroborated in any follow-up studies.  

Intensity 

The correlate of loudness was assessed in some pre- and post-treatment design studies 

within this review. The parameter of ‘energy per second’ (as reported in mV2*10) was 

measured in two of the included studies (Kuny and Stassen, 1993; Stassen et al., 1991). The 

authors defined this measure as the “total amount of energy used to articulate the utterances 
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of a given text” (Stassen et al., 1991: p. 91) and explained it as analogous to ‘dynamic 

expressiveness.’ For the purposes of this review, ‘energy per second’ and ‘intensity measures’ 

will be considered similar enough to collate using a random effects model. Collated results 

from this model suggest that loudness is not affected by treatment (z = 0.34, p = .733; see 

Figure 4.15).  

 

Figure 4.15: Random effects model estimation for the effects of treatment on intensity measures within the pre- and post-
treatment designed studies. 

 

Similarly, the standard deviation of intensity was unaffected by course of treatment within 

two studies (z = 0.54, p = .588; see Figure 4.16).  

 

Figure 4.16: Random effects model estimation for the effects of treatment on intensity SD within the pre- and post-treatment 
designed studies. 

  One study (Garcia-Toro et al., 2000) also examined the range of intensity and minimum 

intensity levels (both reported in dB) in treatment responders as compared to healthy controls. 

As with other intensity-related parameters, neither exhibited a significant change over the 

course of the study. Garcia-Toro and colleagues (2000) also included energy in low frequency 

bands—i.e., the percentage of vocal energy emitted in the lowest frequency bands of 80 to 

260 Hz—as a form of intensity measure. This parameter also did not significantly differ over 

the course of therapy in treatment responders.  

Vocal Quality Measures 

Darby and colleagues (1985) specifically examined the clinical utility of a 7-point vocal 

quality scale. The Mayo Clinic Dysarthria Scale (Darley, Aronson and Brown, 1969) is used in 
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the analysis of depressed speech, where higher scores represented greater deviation from 

‘normal speech’ (defined as a score of 40, and assessed in six control subjects). Speakers 

with depression differed significantly from the healthy control group prior to the start of their 

treatment, and exhibited an average change of 5.9 points after their intervention. Yet the 

authors concede that results may be potentially impacted by the ‘ceiling and floor effect,’ 

whereby a patient with a low initial voice score has little opportunity for change on this scale. 

The global scores also encompass a wide range of dimensions, including monopitch, 

monoloudness, harsh vocal quality, hypernasality, poor intelligibility and ‘bizarreness.’ It is 

thus difficult to assess which scores exhibited the largest changes over the course of 

treatment, as this information is not reported by Darby and colleagues (1985).  

In a similar assessment of vocal quality in depressed speakers, Chaturvedi and 

Sarmukaddam (1986) examined two speech-related measures—‘affective flattening’ and 

‘alogia’17—and reported on their correlations with improvement. Both parameters exhibited 

significant negative correlations (r = -0.31, p = 0.05, and r = -0.40, p = 0.01, respectively).  

4.5.7. Risk of bias across studies 

Given that the majority of studies under review were completed more than 30 years ago, 

with 52% occurring prior to 1990, it is understandable that reporting methods and quality of 

analysis was not as standardised as more recent works.   

The bias spread across specific categories is presented in Figure 4.17 below. Studies 

tended to demonstrate low risk of bias for departures from intervention, as well as other 

sources of bias. However, the highest levels of risk of bias was due to selective reporting, bias 

in analysis, and the presentation of results (i.e., effect sizes and precision estimates). Small 

sample sizes were largely responsible for the wide confidence intervals, often encompassing 

zero. Bias present at the point of analysis was assessed according to whether the analysis 

was completed by blinded assessors (i.e., different personnel to those who had completed 

data collection), as well as whether normalisation procedures and recording conditions were 

reported.   

                                                           
17 Alogia refers to the inability to speak, and has alternatively been called ‘poverty of speech,’ or a 

reduction in the amount of speech. It is more commonly seen in individuals with negative symptoms of 
schizophrenia (e.g., Mitra et al., 2016).  
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Figure 4.17: Risk of bias across the nine domains chosen for comparison, adapted from the Cochrane Risk of Bias tool (Higgins 
et al., 2011). 

A traffic light summary is presented in Figure 4.17, with greater granularity provided for 

each specific study in Table 4.5 (below). The majority of studies (n = 11) were classified as 

having ‘some concerns’ as an overall judgement; two were judged to have ‘low’ overall risk of 

bias; and four were labelled as ‘high’ risk of bias.  
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Table 4.5: Traffic light summary of risk of bias within each study for each of the nine assessed domains. 

 D1 D2 D3 D4 D5 D6 D7 D8 D9 Overall 

Alpert et al., (2001)           

Boenink et al., 1997           

Bouhuys et al., 1990           

Chaturvedi and 

Sarmukaddam, 1986 
          

Darby et al., 1984           

Ellgring and Scherer, 1996           

Garcia-Toro et al., 2000           

Giedke and Heimann, 1987           

Godfrey and Knight, 1984           

Hardy et al., 1984           

Kuny and Stassen, 1993           

Mundt et al., 2007           

Mundt et al., 2012           
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Nilsonne, 1988           

Renfordt, 1989           

Stassen et al., 1991           

Tolkmitt et al., 1982           

Domains: 

D1: Bias due to Confounding 

D2: Bias due to Participant Selection 

D3: Bias due to Measurement 

D4: Bias due to Departures from Intervention 

D5: Bias due to Selective Outcome Reporting 

D6: Bias due to Analysis 

D7: Bias in Results 

D8: Bias in Validity 

D9: Other Sources of Bias 
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4.6. Discussion 

These findings have lent further credibility to the theory posited by Ellgring and Scherer 

(1996): that depressed speakers take longer to express themselves and complete speech tasks. 

This effect is mainly due to increased time spent pausing—a behaviour that significantly 

decreases in response to treatment. In this systematic review, pausing behaviour presented the 

most cohesive profile of treatment-related changes across both types of study design. 

Responders to treatment often experienced a decrease in their number of pauses while speaking, 

with total time spent vocalizing not being significantly affected by treatment response. Yet findings 

from Mundt and colleagues (2012) suggest that while responders demonstrate decreases in 

vocalization time for both free speech and automatic speech tasks, non-responders instead 

exhibit increases in this parameter.  

Furthermore, speaking rate has been indicated as an important differentiating factor in 

responders as compared to non-responders. However, this effect may be gender-specific; in other 

words, the composition of gender enrolment within a study may be a significant covariate to 

consider. Ellgring and Scherer (1996) found stronger correlations between speaking rate and 

subjective wellbeing measures in females specifically. As such, controlling for gender when 

examining temporal parameters is necessary to further understand possible interactive effects.   

The fact that the number of pauses in depressed speech increases, but duration of these 

pauses is not affected, suggests that treatment specifically targets the processes of speech 

planning; whereas reduced vocalization time co-occurring with treatment indicates that 

articulation is also improved post-intervention. Shorter times to complete recording tasks, coupled 

with increases in speaking rate, imply that articulatory gestures are occurring at faster velocities 

as symptoms improve—or possibly with greater coordination to facilitate gestural overlap (see 

Tjaden, 1999).     

Measures pertaining to fundamental frequency and formants had less consistent results 

overall. In pre- and post-treatment comparison studies, F0 was not affected by treatment; 

although studies not included in the meta-analysis (Bouhuys et al., 1990; Ellgring and Scherer, 

1996) did provide some additional evidence for increases in F0 with lessening symptom severity. 

In contrast, one treatment responder study (Mundt et al., 2007) did find a significant increase in 

F0 over the course of treatment for respondents, but this result was not corroborated in their 

follow-up findings (Mundt et al., 2012). Alpert and colleagues (2001) highlighted the persistence 

of prosodic differences in their clinical sample, even after treatment and demonstration of good 

clinical response—attributing this to the fact that F0 may be a trait-like aspect of depressive 
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speech. In other words, changes in F0 may be a marker for depressive states, even in the 

absence of depressive symptomatology, as a long-lasting effect of a major depressive episode. 

Another theory may be that F0 is simply too heterogeneous to identify coherent patterns in its 

variation over time between individuals. The majority of studies included in this review did not 

apply normalisation procedures (cf. Flynn, 2011), making it difficult to compare raw Hz values 

between different speakers.   

Few investigations pertaining to formant behaviour have been undertaken. Specific vowels 

appear to be affected more in depression over others (i.e., /Λ/ and /ei/); however, it should be 

noted that some methodological flaws can affect these results. The latter vowel (/ei/) is a 

diphthong, requiring a dynamic measure of changes within the vowel space over time, rather than 

being a static measure. F1 does appear to differentiate treatment responders from non-

responders—with the former appearing to engage in less-centralised positions of low vowel /a:/, 

and the latter becoming more centralised in this production over time. It is difficult to corroborate 

these findings given the limited number of studies examining formant behaviour, as well as the 

lack of normalisation procedures employed. Yet several possible causal mechanisms behind 

these lowered productions of /a:/ may be at play, including the motor commands involving more 

extensive biomechanical coupling of the tongue and jaw, as well as increased motor planning and 

coordination to facilitate the use of multiple articulators simultaneously.  

Antidepressant treatment also does not appear to robustly affect intensity-related measures, 

although vocal quality may be affected over the course of intervention. Although their study 

presented large effect sizes, Darby and colleagues (1984) failed to highlight which specific 

aspects of voice were more impacted in this regard. One finding from this systematic review adds 

evidence that affective flattening and speech initiation (i.e., alogia) significantly correlate with 

improvement over the course of treatment (Chaturvedir and Sarmukaddam, 1986). 

Overall, articulatory, phonatory, and vocal quality-related measures are largely absent from 

previous investigations into the effects of therapy on voice and speech. This has created 

limitations on the available information relating to vocal biomarkers of depressive treatment 

response. More specifically, this lack of parameter diversity makes it difficult to assess whether 

treatment affects the motoric aspects of speech control and coordination, in addition to causing 

changes at the laryngeal level. Certain findings (e.g., those pertaining to formant behaviour) 

suggest that articulators may increase in their range of movement due to therapy effects, but 

further investigation is needed on a wider variety of phonemic tokens and speech tasks.  
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4.7. Limitations  

This review represents an attempt to assess the effects of treatment response on the 

speech of depressed speakers. However, there are some limitations to this systematic review.  

The choice to include observational studies of lesser rigour than RCTs and controlled before-

and-after studies was made due to the limited number of studies available. This may be a factor 

impacting the high rate of heterogeneity within parameter analyses.  

Only studies published in the English language were included in this review. Although the 

included studies spanned a diverse range of countries, these were mostly limited to European or 

North American samples. Given that speech behaviours may be affected by linguistic factors, it 

would be prudent to assess the generalizability of this review’s findings in other languages; but 

such an endeavour is outside the scope of the present study.  

This systematic review included articles that were only accessible through institutional 

subscriptions due to funding limitations. As such, some appropriate articles could not be retrieved 

due to the year of publication as well as journal restrictions (e.g., Greden et al., 1981).  

4.8. Conclusions 

Previous research has shown that individuals can be diagnosed with depression from voice 

samples alone (cf. Arevian et al., 2020; Yang et al., 2019). Further work must be completed to 

extend this insight to intervention evaluation and symptom severity assessment. The first step is 

to identify additional biomarkers to track results longitudinally.  

Findings from this systematic review provide evidence that speech parameters related to 

speech planning (i.e., pausing behaviours) present the most consistent correlations to symptom 

severity scores over the course of treatment. Measures relating to frequency and intensity are 

largely impacted by individual variation; as such, they present with more difficulties in their 

measurement and analysis between individuals within research studies. However, future studies 

would benefit from applying more robust methodological considerations in the collection and 

analysis of this data (e.g., through the use of environmental noise control, normalisation 

techniques).  Additional evidence is required to assess the clinical utility of monitoring articulatory, 

phonatory and prosodic behaviours in correlation to depressive symptomatology.  

4.9. Recommendations  

To facilitate future research investigations into the effects of treatment response on speech 

and vocal parameters, several recommendations are put forward below.  
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 With respect to data acquisition, explicit descriptions should be included about 

environmental noise, microphone calibration, microphone type, and distance to mouth.  

 A mix of both read and free speech should be employed as speech tasks, to elicit a wide 

range of speech behaviours for the included speakers.  

 Voice and speech recordings represent a unique type of data; in short, they cannot be 

completely anonymised, as they are easily recognisable by those who collect this type of 

data. To address this, there should be clear separation between those research staff who 

acquire the speech data, and those staff members who are responsible for segmenting, 

processing, and analysing speech parameters from the data.  

 When assessing frequency-related measures, normalization procedures (e.g., Bark 

method [Traunmüller, 1990] and Lobanov method [Lobanov, 1971]) should be applied for 

comparison between individuals. In addition, multiple vowels should be assessed for 

frequency and formant-based parameters, as these may generate evidence for 

asymmetry of depressive effects on certain vowels.  

 Given how extensively frequency- and temporal-based measures have been investigated 

in previous literature, future investigations should also attempt to include articulatory, 

phonatory, and prosodic measurements—in an effort to gain a deeper understanding of 

the depressive voice undergoing therapy.  

 Only one study (Alpert et al., 2001) provided a subtyping analysis by psychomotor 

grouping. Given that this may be a potential confounding factor, it should be controlled for 

in future studies.  

 One study (Ellgring and Scherer, 1996) provided preliminary evidence corroborated by 

more recent findings (e.g.,  Honig et al., 2014) that gender should be controlled for within 

future investigations.  

 Only two of the included studies in this review explicitly separated depressed speakers by 

their response to treatment. In doing so, speech parameters specifically affected by 

treatment response can be uncovered much more clearly than those determined from 

group-level analyses between pre- and post-treatment time points. Given the often-

opposite directionality of changes in speech measures between those responding and not 

responding to treatment, future studies should build on this methodology from Mundt and 

colleagues (2007; 2012) to ensure that treatment effects are accurately captured and 

analysed.   
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5. Chapter 5: Exploratory Study Methods  

5.1. Introduction to Methodology  

This research collected data as part of a longitudinal, observational, controlled study, with four 

time points of data collection extended over 26 weeks. When monitoring change in patient 

functioning (e.g., depressive symptomatology), it is considered good practice to apply a 

longitudinal design, incorporating repeated assessments over time (cf. Vogel and Maruff, 2014). 

Similarly, in phonetic and linguistic based research, incorporating multiple recordings allows the 

researcher to observe more characteristic speech samples, rather than utilising a single utterance 

which may not be representative of normal production. 

The following chapter will detail the participant group and recording procedures undertaken 

for this research, as well as the broader details surrounding speech sample collection. As each 

subsequent chapter will utilise a different analytical approach, the choice of analysis and any 

experiment-specific method information (e.g. Praat labelling) will be covered separately in each. 

5.2. Research Aims  

By undertaking a longitudinal study with individuals currently experiencing a depressive 

episode, it is possible to assess speech parameters that coincide with a worsening or lessening 

of symptoms (as evidence through previous literature review in Chapter 3). Uncovering additional 

vocal biomarkers may add to the growing body of evidence investigating new tools for clinical 

practitioners to use in assessment of individuals with mental health conditions, as well as machine 

learning applications which have been developed for the purposes of automatic diagnosis of the 

illness.  

The goal of this research, therefore, is not to find a universal vocal parameter which represents 

the quintessential depressed speaker but rather, to gather multiple variables which may help to 

better understand underlying causal mechanisms of the condition. The presence of motor 

symptoms which impact speech production may provide insight into neural changes that coincide 

with a diagnosis of clinical depression, as well as indication as to variations that occur with 

symptom severity fluctuations. 

Building on the collation of findings presented in Chapter 3, as well as recommendations 

taken forward from Chapter 4’s Systematic Review, the four subsequent experimental chapters 

will focus on several key areas that, historically, have not been topics of focus in depressive 

biomarker studies. All four experiments will focus on some element of either articulation (overall 
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vowel space area, monophthong and diphthong productions) or more general phonatory and 

articulatory measures (e.g. perturbation, F0 variability, harmonicity, etc. as presented in Chapter 

9’s factor analysis).  

Articulatory and phonatory measures may provide insight into motor coordination processes 

and neural mechanisms affected in depression, and these will be revisited alongside Ellgring and 

Scherer’s (1996) theories of depressive speech effects within an integrated model in Chapter 10.  

As listed within Chapter 4’s recommendations (see p. 88, above) statistical analyses will 

control for gender and depressive psychomotor subtype where applicable in order to delve further 

into emerging patterns of speech changes along these categories of participants.  

5.3. Participants  

Given the fact that this study was exploratory in nature, it was necessary to maintain broad 

inclusion criteria in order to encourage a wide selection of potential participants. Participants were 

eligible to be recruited if they: 

 Were between the ages of 18 and 65 years old 

 Fluent in English (for the purposes of reading out speech prompts)  

 Able to provide written informed consent  

 Depressed patients were included if currently suffering from a Major Depressive Episode 

as confirmed using: 

o Hamilton Depression Rating Scale (HAMD-17) (Hamilton, 1978)  

o Mini International Neuropsychiatric Interview Plus (MINI) (Lecrubier et al., 1997; 

Sheehan et al., 1997; 1998)  

Exclusion criteria included: 

 Bipolar disorder or psychosis as determined by the MINI 

 Current substance misuse or dependency 

 Diagnosis of a voice disorder within the last five years 

 Heathy participants were excluded if currently suffering from any psychiatric illness as 

determined using the MINI or having a HAMD-17 score of more than 7.  

Of the total participants initiating contact with the researcher: 

 3 were excluded for having a comorbid condition (Schizophrenia; Repaired Cleft Palate; 

Dyslexia) potentially affecting prosody and ease of reading speech prompts 
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 3 were excluded for fluctuating between depressed (QIDS-SR16 score of ≥ 7) and healthy 

(QIDS-SR16 <7) symptom severity scores. These participants could have potentially 

introduced heterogeneity in the data when grouping by diagnosis.  

A table presenting baseline descriptive statistics of participant details is presented in Table 5.1.  

Table 5.1: Descriptive information of participants 

 Depressed Group Healthy Group 
No. of Subjects 9 9 
No. of 
Males/Females 

4 males/5 females 4 males/5 females 

Mean Age (years) 46.3 (± 9.8)  42.6 (± 12.5) 
HAMD-17 Baseline 
Severity Score 

15.6 (± 5.2) 1.7 (± 1.7) 

Dialects 2 Tyneside English  
(1 males; 1 female) 

6 General Northern English  
(3 females; 3 males) 

1 Southeastern Scottish  
(1 female) 

2 Tyneside English  
(2 males) 

6 General Northern English  
(4 males; 2 females) 

1 Southeastern Scottish  
(1 female) 

Ethnicity 8 White British 
1 British ‘Other’ 

9 White British 

Minimum 
Educational 
Attainment 

All college educated or further education  
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5.4. Ethical Arrangements and Recruitment  

5.4.1. Ethical Considerations   

Ethical approval was obtained from the Newcastle Tyne and Wear Research Ethics 

Committee (18/NE/0129) and the Health Research Authority to conduct the research. All 

participants provided informed, written consent prior to their inclusion in the study. Although 

recruiting depressed participants presents potential problems with ongoing capacity, all 

individuals were briefed prior to data collection and capacity, and willingness to proceed was 

assessed at each subsequent recording session. Participants were informed that they were able 

to withdraw from the study at any time and for any reason, with no consequences to their provision 

of healthcare or potential future inclusion in research studies.  

5.4.2. Recruitment  

Patients and healthy control subjects were recruited from the Northern Centre for Mood 

Disorders Research Register (see http://www.mood-disorders.co.uk).  This is a list of individuals 

who have consented to have their names on an email list and to be contacted when studies are 

looking for volunteers.  The governance of the list is managed by the Northumberland, Tyne and 

Wear NHS Foundation Trust.  An email was sent out to the list asking for any interested 

participants to contact the study team.  The Participant Information Leaflet was attached to this 

email.  Contact details for the research team were provided at this stage of recruitment.  

Patients with depression also being seen within the Regional Affective Disorders Service, 

Northumberland, Tyne and Wear NHS Foundation Trust were approached by their treating 

clinician to enquire if they would be interested in participating in the study.  It was emphasised to 

them that the study would not influence their current or future treatment in any way. Two 

participants of the total number were recruited in this manner.  

A payment of £20 was given to participants who completed all four recording sessions.  

5.5. Assessments  

After initial contact with potential participants and sharing of the Participant Information Sheet, 

interested parties were invited to attend the Campus for Ageing and Vitality for an assessment 

and baseline recording session. To assess baseline symptom severity, a Hamilton Depression 

Rating Scale (HAMD-17; Hamilton, 1978) was completed, with higher scores denoting more 

severe symptoms which were present in the two weeks prior to the session.  

A Mini International Neuropsychiatric Interview was also carried out to assess historical 

symptoms of depression, bipolar disorder and suicidality throughout the lifespan, and particularly 

http://www.mood-disorders.co.uk/
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within the prior two weeks. Participants with positive responses to bipolar disorder screening 

questions were excluded from study, and suicidality was assessed to comply with a suicidality 

Standard Operating Protocol, set in place to provide guidance for participant health and safety 

should they disclose suicidal thoughts or behaviours and pose as a potential risk to themselves.  

As a final depression assessment, participants were asked to complete a Quick Inventory of 

Depressive Symptoms survey (QIDS-SR16; Rush et al., 2003), which provided an indication of 

the presence and severity of symptoms present specifically over the past week. As with the 

HAMD, higher scores denoted more severe depression. Participants were instructed to take their 

time and read each question carefully and choose the item response that best described 

themselves. The QIDS-SR16 was chosen as the outcome measure for this project given its quick 

administration time (taking approximately 10 – 15 minutes to complete) as well as its enhanced 

sensitivity to change over the HAMD (Hamilton et al., 1986).  

In addition to the three prior assessments, participants also completed a short demographic 

questionnaire (available in Appendix A) which established a linguistic profile based on locations 

of previous residence as well as questions pertaining to voice use (e.g., smoking). Details from 

this questionnaire also contributed to accent labelling depending on previous places of residence 

(in addition to perceptual cues from the recordings).  

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 (see Table 5.2). As this exploratory study’s goal was to monitor change in speech 

parameters, the participant data was included in final analysis if a minimum of two sessions were 

completed.  

 

 

 

 

 

 

 



Vocal biomarkers of depression 
 

Page | 95  
 

Table 5.2: Number of sessions completed per participant 

Participant # Diagnosis Sessions Completed 

1 Healthy 3 

3 Depressed 4 

4 Healthy 4 

5 Depressed 4 

6 Healthy 3 

7 Depressed 4 

9 Healthy 4 

11 Healthy 4 

12 Healthy 4 

14 Depressed 4 

15 Depressed 2 

18 Depressed 4 

19 Depressed 4 

20 Depressed 4 

23 Healthy 4 

25 Healthy 4 

26 Healthy 4 

29 Depressed 3 

Total 9 Healthy; 9 Depressed  67 

   

5.6. Recording Setup and Speech Elicitation Tasks 

After assessments were completed, baseline recordings were made. All speakers were 

asked to read prompts simultaneously into a Neumann U89i condenser microphone with an 

omnidirectional polar pattern as well as a Samsung J7 smartphone with recording application 

Fitvoice (see section 5.7, p. 96) utilised to collect speech recordings. The microphone to mouth 

distance for both the smartphone and microphone was maintained at 20 cm throughout the 

recording procedure. Although the room itself was a standard clinical room (i.e., not soundproof), 

an SPL meter was utilised to check that background noise levels were an acceptable level.  
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Participants were asked to complete four speech tasks at each recording time point: 

 Holding a sustained /æ/ sound, twice, for five seconds each  

 Reading aloud nine phonetically balanced sentences 

 Reading aloud ‘The Dog and Duck’ story (Brown and Docherty, 1995) 

 Speaking for thirty seconds about an emotionally neutral topic (e.g., ‘Describe how you 

would peel an orange’)18 

Given that previous literature has yet to indicate which elicitation methods produce the most 

reliable acoustic depression classification performance (see Section 3.4 on page 33), it was 

deemed necessary to assess multiple types of speech tasks. The Fitvoice application allowed for 

the recording of the first three of these speech recordings, while the free speech task was 

recorded singularly with the microphone. Spontaneous speech was recognised as an important 

task to include outwith the standard Fitvoice application prompts as it is recognised as a stimulus 

evoking a more natural range of affect and cognitive effort (Alghowinem et al., 2013; Stasak et 

al., 2017), although its wider use is limited by a lack of standardization between participants. 

5.7. Fitvoice Application 

The mobile app that was chosen for use in this exploratory study has been tested elsewhere 

(Schaeffler and Jannetts, 2019), and was initially developed for monitoring health status in 

occupational voice users. It was approved for use in this study by Newcastle and North Tyneside 

1 Research Ethics Committee (reference 18/NE/0129).  

As mentioned above, the application was designed to record three types of speech tasks: 

sustained vowels, a set of sentences and a short, connected speech sample. The audio signal is 

recorded in mono channel and accesses the device microphone using audio recording APIs 

presented across operating systems. The raw audio samples are stored uncompressed with 16bit 

sign integer resolution (‘wav’ format) and 44.1 kHz sampling rate. The wav files are not 

compressed for transmission to the backend server. After a recording has been completed on the 

app, audio recordings and survey data are securely transmitted to a backend server using an 

SSL/TLS secure channel. The SSL/TLS secure channel guarantees full encryption of the data 

between device and server. This technology makes it virtually impossible to read or alter the data 

during transfer, e.g., when passing through intermediate data servers. The backend server runs 

on a virtual machine from cloud service provider linode.com. The physical location of the server 

is currently London, and holds various security-relevant certificates, e.g., ISO 27001. The Fitvoice 

                                                           
18 A transcription of all speech tasks is provided in Appendix A.  
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system is account-based, i.e., each Fitvoice user creates a password-protected account before 

using the system and submitting recordings. User account management is provided by GDPR 

compliant authentication management provider Auth0 Europe (auth0.com). In this setup, all 

confidential information (e.g., username, email and password) are stored on Auth0 servers. The 

Fitvoice backend only stores audio recordings, survey data and encrypted links to the Auth0 data. 

As individuals are potentially identifiable through voice recordings, the voice data is stored on 

secure servers (see above), and research participants were alerted to this fact and are asked to 

provide explicit consent to various types of data use (e.g., storage beyond the end of specific 

projects, use for perception experiments etc.). 

For this particular study, dummy accounts were made for each participant using a unique ID 

number (e.g., Participant001@qmu.ac.uk) for use across all four recording timepoints. Accounts 

and passwords were stored in a excel file on the Queen Margaret University server, stored 

separately from participant identifying information.  

5.8. Pre-processing of Data  

Microphone recordings were saved to an encrypted laptop as .wav files, while smartphone 

files were transferred securely to a cloud-based server and downloaded at a later date for 

segmentation and analysis. The following section describes the processing of data files prior to 

analysis.  

5.8.1. Segmentation 

All recordings were run through a forced alignment program (pyalign), an implementation of 

the Penn Forced Aligner (Yuan and Liberman, 2008). This program uses a .wav file, .txt transcript 

file and output TextGrid file to automatically segment speech recordings with word and phone 

boundaries. All output files were visually inspected in Praat (Boersma and Weenink, 2019) to 

assess alignment errors, and custom Praat scripts19 were used to extract acoustic data where 

necessary.  

    Raw Hz values were visually inspected and plotted using the PhonR (McCloy, 2016) 

package in R (R development core team, 2007), an open-source code for graphing linguistic data. 

Any Hz values occurring outside of two standard deviations from the male and female separated 

group means were excluded from final analysis, as this was assumed to be an error of the formant 

tracking algorithm in Praat, or an erroneous token production on the part of the speaker.  

                                                           
19 Kindly provided by F. Schaeffler at Queen Margaret University’s Clinical Audiology, Speech and Language Research 
Centre. A copy of the script is available in Appendix C.  

mailto:Participant001@qmu.ac.uk
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5.8.2. Normalisation of Hz Values 

All F1 and F2 values were normalised according to the Lobanov procedure (Lobanov, 1971), 

which directly transforms raw Hz measurements into z-scores. This was completed to reduce 

biological variation present within the sample. This method was chosen for its ease of application 

in R programming package ‘phonR’ (McCloy, 2016) using the normLobanov() command, and 

was also listed in a recent paper as being within the top three methods to use when comparing 

various normalisation methods (Flynn, 2011) . The Lobanov method placed third overall when 

compared to others in terms of minimising individual biological variation. 

5.9. Speech Measures under Investigation 

Two main directions of study were undertaken in this doctoral research, including: 

 Articulatory behaviours within depression, specifically investigating productions of vowels 

(monophthongs and diphthongs) 

 Acoustic analysis of depressed speech, including established parameters such as jitter 

and shimmer, as well as new parameters not previously examined in depressed speakers, 

such as cepstral peak prominence (CPPS) and range of F0 in semitones 

Each experiment is presented in separate chapters of this thesis, with a short introduction, 

description of statistical analyses and discussion of results. 

5.10 Conclusions 

This chapter detailed the methods involved with undertaking this exploratory study, namely 

recruitment of participants, diagnostic assessments and method of recordings, as well as pre-

processing of data for further analysis. Subsequent chapters will describe specific research 

questions and analyses undertaken to better understand articulatory changes that occur in clinical 

depression.  
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6. Chapter 6: Vowel Space Area in Depressed and Healthy Speakers 

6.1. Introduction 

As evidenced from previous chapters, there is a notable absence of analysis of depressed 

speech with respect to articulation. The majority of research studies have previously focused on 

parameters related to phonation or frequency of vocal pitch; this lack of focus on articulatory 

changes that co-occur with depression, and with increasing symptom severity, may overlook 

important changes that occur as a direct consequence of cognitive and motor changes related to 

the diagnosis. In an effort to bridge this investigative gap, this initial experiment will build upon the 

experimental work of Scherer, Morency, Gratch, and Pestian (2015) in an exploration of vowel 

space usage and other measures that co-occur with depression and depressive symptoms. This 

represents the first foray into VSA measures within a depressed, multi-dialectal sample group; 

any changes that arise as a result of depression would therefore suggest that depression has a 

robust effect on articulatory behaviours across a variety of speakers.  

6.2. Literature Review 

Vowel Space Area (VSA) measures have emerged in recent years as a promising estimation 

of speech motor control. Measured using the triangular (Liu et al., 2005) or quadrilateral corner 

vowels (Goberman and Elmer, 2005; see Figure 6.1 below), 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 (ED) between coordinates in the first formant 

(F1) and second formant (F2) space.  
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Figure 6.1: An example of the quadrilateral vowel space, calculated from /i æ a u/ corner vowels. Adapted from (Berisha et al., 
2014). 

 

Vowel space compression has been linked to reduced intelligibility or casual speech (Bradlow 

et al., 2003; Fourakis, 1991). Reduced VSA is a common feature in health conditions associated 

with speech production deficits, including Amyotrophic Lateral Sclerosis (Turner and Tjaden, 

1995; Weismer et al., 2000), Parkinson’s Disease (PD) (Goberman and Elmer, 2005; McRae et 

al., 2002; Tjaden Kris et al., 2013) and cerebral palsy (Liu et al., 2005). Speakers with these 

conditions tend to engage in articulatory ‘undershoot’, whereby a speaker exhibits a reduction in 

their range of articulatory movements, thereby not achieving the intended place and degree of 

vocal tract constriction for a specific speech sound (Kent, 1992). During this process, formants 

tend to be centralised, wherein higher frequencies decrease and lower frequencies increase 

(Sapir et al., 2007). Speech following natural recovery or response to treatment in these 

populations also has been found to exhibit expansion of vowel space (Sapir et al., 2003; Ziegler 

and von Cramon, 1983), suggesting its utility as an assessment of symptom severity for these 

specific conditions. 
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When examining VSA in PD and healthy controls, research has returned both significant 

(Tjaden et al., 2013) and nonsignificant results (Sapir et al., 2010; Skodda et al., 2010; Weismer 

et al., 2001), a fact that may be partially explained by recent findings of asymmetric vowel effects 

of dysarthria in PD (Bang et al., 2013). In light of findings from Bang and colleagues (2013) on 

variability of change across different vowels, global measures of VSA may not be sensitive 

enough to detect subtle differences in articulation if only particular vowels are affected. 

Differences may also emerge due to speech task (i.e., reading single words versus connected 

speech) (Sandoval, Berisha, Utianski, Liss, and Spanias, 2013), with connected speech being 

linked to a more compressed vowel space. Variation can also occur as a result of difference in 

the method of vowel measurement utilised between studies (Rosen et al., 2008; Yunusova et al., 

2008). Speech intelligibility is also not just affected by use of vowel space; other sources of 

variance affecting speech intelligibility are also important to consider. Some estimates place the 

amount of variance explained by VSA at only 6 – 13% (McRae et al., 2002; Tjaden and Wilding, 

2004).  

 

To date, one previous study has investigated VSA in depressed speech (Scherer et al., 2015), 

with results suggesting that depressed speakers exhibit less overall usage of acoustic space in 

free conversation speech tasks. This study utilised only three corner vowels to develop the 

measure (/i/, /æ/ and /u/) and only analysed the speech of North American English speakers. This 

latter point highlights an issue of validity of results when evaluating depressed speech in other 

dialects; in particular, the /u/ vowel has recently seen a shift forward and is no longer considered 

one of the high back vowels in several British accents (Strycharczuk and Scobbie, 2017). 

Differences such as these call into question the ability to use /u/ in VSA measures of depressed 

British English speakers, or even whether a ‘global’ measure of VSA is appropriate.  

 

Contrastive to the typical calculation of VSA, some authors have created other measures 

examining formant centralisation in speakers—specifically the Vowel Articulation Index (VAI) 

(Rusz et al., 2013) and its reciprocal value, the Formant Centralisation Ratio (FCR) (Sapir et al., 

2010). Originally created for analysis of dysarthric speech, these measurements are sensitive to 

articulatory ‘undershoot’. Several studies (e.g., Roy, Nissen, Dromey, and Sapir, 2009; Skodda, 

Grönheit, and Schlegel, 2012) demonstrate that VAI is a more accurate differentiator of dysarthric 

speech from normal speech than traditional VSA. It is also sensitive enough to be considered a 

potential early marker of impaired vowel articulation in speakers with PD who have no perceptible 

dysarthria (Rusz et al., 2013). Both VAI and FCR were designed so that the (F2i + F1æ) portion 
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of the equation will decrease while the other (F1i + F1u + F2u + F2æ) will increase in cases of 

vowel centralization. Its expression as a ratio also makes it comparable between speakers in light 

of biological variability affecting F0 and consequent formant measurements. Both VAI and FCR 

have yet to be assessed as objective measures of depressed speech, and there has been a lack 

of comparative studies evaluating their utility over other VSA measures.  

6.3. Experimental Hypotheses 

This initial experiment within this body of work assesses the clinical utility of VSA measures 

as a sensitive indicator of depression in speakers of British English with varying dialects. This 

chapter aims to answer the questions:  

 How do VSA measures differ between depressed and healthy speakers?  

 Which VSA measures are correlated with increasing symptom severity scores in 

depressed speakers?  

6.4. Speech Material 

For the purposes of VSA, it was considered prudent to use both read speech tasks (i.e., 

the Dog and Duck story and read sentences) as well as free speech samples to examine where 

vowel space was most affected by depression. Previous results (e.g., Scherer et al., 2015) 

suggest that free speech tasks may be more affected by formant centralization and reduced vowel 

space, as read speech tasks tend to be hyperarticulated by speakers. As such, it was important 

to include a range of samples per speaker within this analysis.  

6.5. Data Extraction 

To counteract coarticulation effects, F1 and F2 values were extracted and averaged over 

the central 80% of the vowel (cf. Kent and Vorperian, 2018). The vowels /i æ u o ɔ ɒ/ from the 

Dog and Duck sentences and free speech task of each recording session were used for 

extraction. One trained listener (EM) perceptually evaluated whether the speech sounds used for 

extraction matched the target vowel. In some cases, a relabelling was required (e.g., for the ‘lost’ 

vowel, either /ɒ/ or /ɔ/ were appropriately used by speakers).  A tally of vowel tokens per group is 

presented in Table 6.1, below. Uneven numbers of vowel tokens are due to a combination of 

differences in number of recording sessions, removal of outliers and differing achieved targets. A 

total of 2128 tokens were extracted from the depressed participants' speech, and 2172 from the 

healthy participants' speech (49.5% and 50.5% of the total vowel tokens analysed, respectively).  
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Table 6.1: Breakdown of vowel tokens used for final analysis by group and vowel following outlier exclusion. 

Vowel Group N 

/ɒ/ Depressed 334 

 Healthy 316 

/æ/ Depressed 455 

 Healthy 517 

/ɔ/ Depressed 263 

 Healthy 262 

/i/ Depressed 462 

 Healthy 490 

/o/ Depressed 364 

 Healthy 341 

/u/ Depressed 250 

 Healthy 246 

Total Depressed 2128 

 Healthy 2172 

 

All F1 and F2 values were normalised according to the Lobanov procedure (Lobanov, 

1971) which directly transforms raw Hz into z-scores, and these were then plotted along X- and 

Y-axes to produce a vowel plot with mean tokens for both groups.  

  

 VSA was measured using the polygon area produced by the mean values for each vowel 

(e.g.,  Fox and Jacewicz, 2017) as well as the area of the convex hull defined as the area 

encompassing all vowel tokens (Sandoval et al., 2013) using the vowelMeansPolygonArea() 

and convexHullArea() functions of the phonR package (McCloy, 2016) in R. These measures 

were also compared to hand-calculated Euclidean distance (ED) values between /i/ and /æ/, /i/ 
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and /u/ and /i/ and /ɔ/. These three distances were chosen based on findings that individual ED 

values (more specifically ED of /i/ and /u/) were better at differentiating individuals with dysarthria 

from healthy controls than global measures of VSA (Sapir et al., 2007). Given that /u/ 

advancement is a recent phenomenon across many different dialects (e.g.,  Harrington, Kleber, 

and Reubold, 2008), the ED between /i/ and back vowel /ɔ/ was also included to investigate 

whether it provided a better indicator of vowel space along the second formant axis. All ED 

calculations were completed as:  

 

Equation 1: Equation for Euclidean Distance (ED) calculations of vowel space measures. 

𝐸𝐷𝑣1𝑣2 =  √(𝐹1𝑣1 − 𝐹1𝑣2)2 + + (𝐹2𝑣1 − 𝐹2𝑣2)2 

 

where (v1) represents the formant of the first vowel (/i/) and (v2) represents the second vowel 

(either /æ/, /u/ or /ɔ/).  

 

Finally, Vowel Articulation Index (VAI) and Formant Centralisation Ratio (FCR; Sapir et 

al., 2010) measures were also computed for each speaker per session. These were calculated 

using the following established equations: 

Equation 2: Equation for the calculation of Vowel Articulation Index (Sapir et al., 2010). 

𝑉𝐴𝐼 =
𝐹2𝑖 + 𝐹1𝑎𝑒

𝐹1𝑖 + 𝐹1𝑢 + 𝐹2𝑢 + 𝐹2𝑎𝑒
  

 

 

Equation 3: Equation for the calculation of Formant Centralisation Ratio (Sapir et al., 2010). 

𝐹𝐶𝑅 =
𝐹1𝑖 + 𝐹1𝑢 + 𝐹2𝑢 + 𝐹2𝑎𝑒

𝐹2𝑖 + 𝐹1𝑎𝑒
  

 

where F1n refers to the first formant and F2n  refers to the second formant of each vowel. 

Speakers with reduced VAI and increased FCR measures are engaging in formant 

centralisation, suggesting likely articulatory ‘undershoot’.  

6.6. Statistical Analyses 

Multilevel mixed effect models were chosen to assess the effect of depression on VSA 

measures between two different types of speech tasks (read and free conditions). While traditional 

linear regression models are well-tested in the field of psycholinguistics, recent years have seen 
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a surge of interest in multilevel mixed effect models for analysis of phonetic and linguistic type 

data (cf. Winter, 2015). These models incorporate intercepts for different subjects, as well as other 

sources of variation such as word contexts. Doing so allows for flexibility by including error terms 

for by-subject and by-item variation while also taking the entire dataset into account; other more 

conventional regression approaches typically involve averaging out items when analysing 

subjects to ensure independence of data points – thus losing out important information on 

variability (Winter, 2015).  

Multilevel models are also preferable to standard repeated measures ANOVA approaches for 

a few reasons—namely the lack of requirement for homogeneity of regression slopes, as well as 

the ability to include cases with missing data (Field et al., 2012). As explained in Chapter 5, 

several of the speakers recruited for this study completed only two or three recording sessions 

due to attrition. Normally when using repeated-measures designs, if a single time point is missed, 

the whole case usually needs to be deleted (Field et al., 2012). Multilevel models do not require 

full datasets and parameters can be estimated with the data that is presented, making them a 

more attractive approach for use in the current dataset.  

    Correlational analyses were also completed using Kendall’s tau (Kendall, 1938) to assess 

correlations between VSA measures and QIDS-SR16 scores among the depressed speakers 

only. While Pearson’s correlation coefficient is the more popular amongst statisticians (cf. Kirch, 

2008), its application in linguistic data is problematic given the fact that Pearson’s r requires that 

variables be interval-scaled and normally distributed. Formant measurements are also bounded 

(i.e., cannot go beyond certain values due to biological constraints of the oral cavity), adding 

further justification for a non-parametric test such as Kendall’s tau over Pearson’s r. Although less 

powerful of a test, Kendall’s tau is less sensitive to potentially problematic distributions as well as 

smaller sample sizes and is more applicable in phonetic studies. Further post-hoc correlational 

analyses of Euclidean distances and QIDS-SR16 scores were completed for calculated distances 

between /i/ and vowels /æ u  ɔ/. For these correlational analyses, mean values per speaker were 

computed in order to meet criteria for independence. 

6.7. Results 

6.7.1. Global VSA Measures 

A linear mixed effect model with Group and Task as independent variables and Subject 

as a random effect was completed for each measure. An ANOVA comparison with a null model 

(excluding Group, with only Task and Subject as included effects) was used to assess whether 
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the inclusion of Group positively affected the fit of the model to the data. A summary is presented 

in Table 6.2.  

Table 6.2: A summary of linear mixed effects models run with and without diagnostic group as a fixed factor. As exhibited 
by the p-values, Group did not significantly improve the goodness-of-fit for any of the models run as compared to intercept only 
null models. 

Measure  df AIC LogLik L Ratio P 
value 

Polygon Area Model with 
Group 

5 80.228 -35.114   

 Null Model 4 79.204 -35.602 0.977 ns 
 
Hull Area Model with 

Group 
5 155.821 -72.915   

 Null Model 4 153.833 -72.917 0.012 ns 
 

Euclidean 
Distance /i/ to 
/æ/  

Model with 
Group 

5 472.477 -231.239   

 Null Model 4 471.038 -231.519 0.561 ns 
 

Euclidean 
Distance /i/ to 
/ɔ/ 

Model with 
Group 

5 484.287 -237.143   

 Null Model  4 482.400 -237.200 0.114 ns 
 

Euclidean 
Distance /i/ to 
/u/  

Model with 
Group  

5 465.594 -227.797   

 Null Model 4 464.382 -228.191 0.788 ns 
 
VAI Model with 

Group 
5 -58.327 34.164   

 Null Model 4 -60.118 34.059 0.208 ns 
 
FCR Model with 

Group  
5 -3.807 6.903   

 Null Model 4 -3.773 5.887 2.035 ns 
  

Results suggest that depressive status does not significantly affect any of the vowel space 

measures, with the variable ‘Group’ failing to improve the goodness of fit for any of the above 

associated null models.  
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6.7.2. Correlation Matrix of Measures  

A correlational matrix of the VSA measures and QIDS scores was completed using the 

cor() and rcorr() function from R package HMisc (Harrell Jr., 2019); results are presented in Table 

6.3, with asterisks (**, *) representing significant findings at the p < .01 level and p < .05 level, 

respectively. It should be noted that statistical significance in correlational analyses is 

independent of the degree of correlation. In small sample sizes such as this study, it is possible 

to see high correlational values with no statistical significance (i.e., a high p-value).  

Table 6.3: A correlation matrix providing r values between each of the vowel space area measures. Those reaching significance 
are denoted with asterisks (* at p < .05 ** at p < .001). 

 Polygon 

Area 

Hull 

Area 

VAI FCR ED /i/ to 

/æ/ 

ED /i/ to 

/ɔ/  

ED /i/ to 

/u/  

Polygon 

Area 

 0.584** 0.006 -0.067 -0.019 0.041 0.263** 

Hull Area 0.584**  -0.181 0.076 -0.022 -0.051 0.298 

VAI 0.006 0.076  -0.565** 0.124** 0.210** 0.051** 

FCR -0.067 0.076 -0.565**  -0.108* -0.359** -0.086* 

ED /i/ to /æ -0.019 -0.022 0.124** -0.108*  0.241** 0.197* 

ED /i/ to  /ɔ/  0.041 -0.051 0.210** -0.359** 0.241**  0.257* 

ED /i/ to /u/ 0.263* 0.298 0.051* -0.086* 0.197* 0.257*  

 

The relationship between polygon area and hull area exhibited a significant and moderate 

positive correlation (τ = 0.584, p < .001), indicating that as the polygon of vowel means increases, 

so too does the total area of tokens produced. Predictably, VAI and FCR were also significantly 

and negatively correlated (τ = - 0.565, p < .001). Interestingly, the ED measures were significantly 

correlated to VAI and FCR measurements only; other VSA measures such polygon area and hull 

area were only significantly linked to the distance between /i/ and /u/. As VAI decreases and FCR 

increases, speakers engage in higher amounts of formant centralization, and as such, these ratios 

were respectively positively and negatively correlated to the Euclidean Distances across both F1 

and F2 axes of the vowel space.  
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Of the ED measures, the distance between /i/ and /u/ demonstrated the smallest 

correlation with other VSA measures, indicating either that this measurement is quite variable 

between speakers or that the fronting of the /u/ token has rendered this measure irrelevant when 

investigating more global indicators of vowel space usage.  

6.7.3. Correlations with Symptom Severity Scores (QIDS-SR16) 

A summary of correlation results is presented in Table 6.4. The two measures approaching 

significance are annotated with a (*) symbol. In the read speech task, FCR approached 

significance with a negative correlation between the measure and severity scores (τ = -0.444, p 

= 0.06). As depressed speakers exhibited an increase in symptom severity scores, their FCR 

measures decreased to a moderate degree. Similarly, in free speech, the correlation between ED 

from /i/ to /æ/ approached significance (τ = -0.389, p = 0.09); as depressed speakers’ symptom 

severity scores increased, the Euclidean distance between their /i/ and /æ/ tokens decreased, 

signifying a smaller amount of tongue lowering or jaw opening.  

Table 6.4: Correlation matrix between speech parameters and symptom severity scores (QIDS-SR16). *add degrees of freedom.  

VSA Measure Task Tau (τ) p-value 

Polygon Area Read Speech 0.056 ns 

 Free Speech 0.056 ns 

Hull Area Read Speech 0.222 ns 

 Free Speech 0.000 ns 

ED /i/ to /æ/ Read Speech 0.555 ns 

 Free Speech -0.389 0.090* 

ED /i/ to /ɔ/ Read Speech  0.111 ns 

 Free Speech 0.000 ns 

ED /i/ to /u/  Read Speech 0.500 ns* 

 Free Speech 0.111 ns 

VAI Read Speech 0.111 ns 

 Free Speech 0.333 ns 

FCR Read Speech -0.444 0.060* 

 Free Speech -0.278 ns 
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6.8. Discussion 

6.8.1. Clinical Utility of VSA Measures in Depression  

Results suggest that global VSA measures are not particularly sensitive to depressive status, 

nor are they correlated with any differences in symptom severity scores. Two measures (FCR 

and ED between /i/ and /æ/) both approached significance with respect to their negative 

relationship to self-reported symptom measures; that is, both of these measures decreased as 

symptom severity scores increased. Given that increased FCR values indicate vowel space 

expansion and likewise, increased ED of /i/ and /æ/ indicates fuller use of the vowel space along 

the first formant axis specifically, these results were unexpected. Previously, findings have 

pointed to opposite results (e.g.,  Scherer et al., 2015), and studies of speakers with other 

conditions point to high values of FCR in speakers with dysarthria and other disorders linked to 

reduced intelligibility (e.g.,  Sapir et al., 2010). It is important to note that this study did not separate 

speakers into subgroups by type of depression (for example, by psychomotor activity), but these 

contradictory results do indicate that this may be necessary in future experiments. Including 

severely depressed speakers with agitated patterns of psychomotor activity may be the underlying 

cause for such results; that is, as this specific group of depressed individuals experience more 

severe symptoms, they may also be affected by increased motor incoordination and thus 

increased vowel space usage as a result of their psychomotor behaviour. However, further 

investigation is required before making any firm conclusions regarding differences in depressive 

subtype speech behaviours.  

With regards to free speech, the ED between /i/ and /æ/ demonstrates a moderate negative 

correlation with depressed speakers’ severity scores (τ = -0.389, p = 0.09). As speakers with 

depression experienced a worsening of symptoms, this resulted in a reduction of the distance 

between productions of /i/ and /æ/. This specific result may point to the fact that during free 

speech, vowel space is affected but only along the first formant axis. Had overall vowel space 

been affected (i.e., both formant axes), similar results would have been uncovered for ED 

between /i/ and /ɔ/.  

VSA measures such as the polygon and hull areas were not related to either depressive status 

nor changes in symptom severity. They were also not linked to more specific measures of vowel 

space usage such as ED values. As such, these measures may not be appropriate for the study 

of specific articulatory deficits that occur in clinical populations like depression. Certain vowels 

may be affected disproportionately while others remain similar to those produced by healthy 

speakers, thus negating any overarching changes in total vowel space area. More sensitive 
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measures, such as FCR or the ED between /i/ and /æ/ may be more suited to research questions 

involving compression of vowel space given the fact that these approached significance in this 

small exploratory study. Further investigation in wider populations is warranted before making 

further claims of their clinical utility.  

Finally, it is also possible that incorporating a multi-dialectal sample introduced too much 

variation into the speech samples with regards to vowel space measures. It may be more prudent 

in future studies to focus on single dialects to uncover dialect-diagnosis specific interactions that 

affect vowel space usage.  

6.8.2. Limitations of Using Self-Report Measures  

On a final note, the findings from this experiment may also reflect the fact that QIDS-SR16 

scores integrate a diverse range of symptoms, so that a variety of clinical profiles was included in 

the depressive speaker group. It may be that cognitive symptoms (i.e., those pertaining to guilt, 

sadness, etc.) or even somatic symptoms (i.e., changes in appetite) add too much noise to the 

articulatory correlation analysis; filtering out specific symptoms pre-analysis may be an additional 

way of uncovering articulatory patterns of behaviour moving forward.  

6.9. Conclusion 

Further research is necessary to uncover relationships between vowel space expansion or 

compression and clinical depression. Statistical analyses yielded no significant results when 

assessing the predictive value of diagnosis on vowel space measures, as well as no statistically 

significant correlations between any of these measures and symptom severity score changes. 

Although a few measures did approach significance and may be worth exploring further, these 

results may be tied to depression only impacting specific articulators or vowel productions within 

the vowel space. For example, the ED between /i/ and /æ/ in free speech suggests that depression 

asymmetrically affects vowels along the first formant axis only. Further analysis of specific vowels 

is therefore warranted in further experiments.  
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7. Chapter 7: Monophthong realisations in depressed and non-

depressed speakers  

7.1. Introduction 

In comparison to other speech sounds, the production of vowels is relatively simplistic with 

respect to articulatory effort. In fact, Kent (1992) identifies vowels as occupying the lowest tier of 

articulatory complexity in the hierarchy of speech sounds. For this reason, vowels present as one 

of the more interesting avenues in depressed speech research; if differences occur at this level 

of motor coordination, it follows then that depression infiltrates even the most basic aspects of 

articulatory control.  

As with Vowel Space Area, examinations of vowel production clinical depression has been 

limited. Given the previous experimental results illustrating asymmetric vowel differences in 

depressed and healthy speakers (which in effect, may have cancelled out any overall changes in 

total VSA), a further study examining group-specific patterns of vowel articulation was conducted 

on the same subset of data.  

7.2. Literature Review 

Experimental investigations of articulation in depression have only recently started to garner 

attention, with a small number of studies showing that individuals with depression exhibit formant 

differences from healthy controls. An early study by Flint and colleagues (1993) compared three 

groups of speakers with Parkinson’s disease, depression and no health conditions on formant 

transitions among other articulatory characteristics. The group with Parkinson’s disease exhibited 

the greatest reduction in F2 transitions on the vowels in ‘light’ and ‘dial’, and depressed speakers 

exhibited similar formant patterns. However, samples were limited to speakers aged 60 years and 

older, and the generalizability of these findings to a younger population could be called into 

question. A more recent study (France et al., 2000) analysed existing audiotape recordings of 

interviews between unmedicated depressed women and their therapists, the latter of which were 

used as healthy controls within the same experiment. Results demonstrated that women with 

depression produced elevated F1 frequencies and reduced bandwidths for second and third 

formants as compared to their therapists. The authors posited these changes may have been due 

to an increase in muscle tone and rigidity in the depressed women’s vocal tracts as a result of 

their diagnosis.  

One recent study (Cummins et al., 2017) has specifically assessed formant features for the 

purposes of automatic diagnosis, using a depressive speech database (DAIC-WOZ; Gratch et al., 
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2014) with speech from 12 males and 16 females. Results differed by gender, where males 

demonstrated lower F1 values which the authors attributed to ‘low arousal’ speech, and females 

demonstrated the opposite tendency, with higher F1 values than their healthy counterparts (see 

Figure 7.1, below). The authors proposed that this pilot study provided initial evidence of 

depression at the phonemic level of speech and that the effects of this condition can be modelled 

by speech features (e.g., formants) that characterize ‘motor control’.  

 

Figure 7.1: Results of an investigation into vowel productions of American depressed speakers (Cummins et al., 2017). 

In both gender groups, depressed speakers have raised (i.e., increased F1) productions of vowels. Underlined vowels 

represent significant differences between depressed and non-depressed speakers.  

The formant changes that coincide with depression also appear to revert with response to 

treatment. Tolkmitt and colleagues (1982) investigated the first three formants of five vowels in 

depressed and schizophrenic patients before and after treatment. Significant results were found 

between for the first formant of vowels /Λ ei/, which were very similar to the neutral schwa vowel 

at the intake interview. The authors suggested that this effect was due to the depressed speaker 

engaging in less articulatory effort prior to treatment, and that the observed increase in vocal tract 

constrictions and tongue movements occurred as patients responded to antidepressants. 

However, this study did not separately analyse schizophrenics and depressed individuals, two 

groups who have been shown to have very dissimilar styles of speech and linguistic behaviours 

(Leff and Abberton, 2009; Mandal et al., 1990). More recently, Mundt and colleagues (2012) 

investigated treatment-related vowel formant changes in a sample with stricter inclusion criteria 

(i.e., speakers with diagnosis of moderate to severe depression). This study focused on the 
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sustained vowel /a/ and, once again, found that F1 was an important distinguishing variable 

between treatment responders and non-responders.  As participants responded to treatment, 

their mean fundamental frequency and F1 increased or remained unchanged, while non-

responders showed oppositional changes—these measures decreased or remained unchanged. 

Again, no significant findings were found relating to second formant measures. The first formant 

appears to be a salient indicator of depression in vowel productions, an effect that may be due to 

facial muscle tension and more specifically jaw opening (Lindblom and Sundberg, 1971) as a 

result of decreased motor coordination (cf. Cummins et al., 2015).  

The duration of certain speech sounds may also be affected by depression. Previous studies 

suggest that speech rate is not the only aspect of speech affected in the condition; the length of 

certain phonemes was linked to specific symptoms of depression, and researchers found that 

grouping certain speech sounds by the manner of articulation demonstrated stronger correlations 

between HAMD-17 items and durational measures (Trevino et al., 2011). For this reason, it is 

anticipated that duration of vowel productions in this experiment may likewise be affected in 

speakers with depression; duration was therefore included as a potential fixed effect on the final 

formant values produced by both depressed and healthy speakers.  

7.3. Experimental Hypotheses 

The research questions and hypotheses generated for this experiment are tied in to the 

previous chapter results (see Chapter 6). Preliminary analysis suggests that the production of 

certain vowels may be disproportionately affected in depression, instead of the diagnosis 

impacting the entirety of the vowel space. This second experiment within this body of work aimed 

to answer the following questions:  

 Do individuals with depression produce vowels that are significantly more centralised (with 

respect to F1 and F2) from those produced by healthy speakers? 

 Do individuals with depression produce vowels that are longer in duration than healthy 

speakers?  

7.4. Speech Material  

All speech material utilised was equal to that used in the previous experiment (see Chapter 

6) on vowel space area. Three speech tasks (Dog and Duck Passage, sentences and free speech 

samples) were used to extract vowel tokens, and these were similarly categorized into two 

overarching elicitation tasks: ‘Read Speech’ and ‘Free Speech’. Total vowel tokens used are 

summarised in Table 6.1 (p. 103).  
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7.5. Statistical Analysis  

As discussed in section 6.6 on p. 104, multilevel models are the preferred choice of statistical 

analysis for phonetic data, particularly in datasets where missing data may pose a problem for 

traditional repeated measures designs. As with the previously completed experiment on VSA 

parameters, multilevel models were again utilised to analyse the importance of diagnostic group 

as a significant predictor of formant behaviour, while allowing for the modelling of data using 

random intercepts and slopes.  

7.5.1. Multilevel or Linear Mixed Effects Modelling 

Using the program R (R Development Core Team, 2020), a multilevel mixed effects 

regression analysis was used to assess differences by diagnostic group. Two models were fitted 

for each formant (F1 and F2), with group (depressed or healthy), gender20, vowel, logarithm of 

the vowel duration21 and task (free speech or read speech) all included as fixed effects. Random 

effects included participant and context (i.e., what word the vowel occurred in). The code for each 

formant was inputted as: 

 

 Fn ~ Group + Gender + Vowel Duration (Logarithm) + Task + Group*Vowel + 

Vowel*Task + (1|Subject) + (1|Context) 

 

When creating exploratory models, it is considered good practice to build in complexity 

variable-by-variable from a simple intercept only model (e.g. Field et al., 2012). Convention 

dictates that each variable is added in its own model, and subsequent models are compared on 

observed decreases in the Akaike information criterion (AIC)22.  When a variable is added, its 

contributions to the model are examined and this process continues until the addition of a variable 

causes the AIC to increase. In this way the variables’ ability to predict the outcome variable (in 

this case, F1 or F2) is used as a criterion about whether it should be included in the final model.  

                                                           
20 Although a normalization procedure was applied to raw formant values to allow for minimization of 
variation due to biological differences, other studies have pointed to the importance of inspecting gender 
as a separate factor in assessment of speech differences. Specifically, gender-specific models of 
depressed speech were better able to fit data than those excluding it as a variable (cf. (Honig et al., 2017) 
and previously described studies (Cummins et al., 2017) demonstrated the utility of controlling for gender 
when assessing formant differences.  
21 A logarithmic transformation was applied to negate the effect of positive skew in the durational data.  
22 Akaike information criterion (AIC) is essentially a measure of the quality of a model relative to others 
when applied to the same dataset. A single model’s AIC values in and of themselves are difficult to interpret; 
there is no standards or cut-offs for a ‘good’ or ‘bad’ model. Instead, AIC values between models should be 
examined to determine if a model provides a better fit to the data than another. This is concluded when AIC 
is decreased with the removal or addition of predictor variables. For more information, see Akaike’s original 
journal paper on the topic (Akaike, 1974; https://ieeexplore.ieee.org/document/1100705).  

https://ieeexplore.ieee.org/document/1100705
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In addition to checking the above assumptions, this analysis will also include cross-validation 

of the model by data splitting, wherein the dataset will be randomly partitioned into a group 

comprising 80% of the cases and a second ‘test’ set of approximately 20% of the dataset. By 

comparing values of the R2 and b-values, the generalizability of the statistical model can be 

assessed, and the resultant model is considered to be more robust (cf. Tabachnick and Fidell, 

2007). This cross-validation method will be completed in three steps in R: 

 

1. A small sample of the data will be reserved using the createDataPartition() function from 

the caret package (Kuhn et al., 2020) 

2. A model will be built (i.e., trained) using the remainder of the dataset 

3. The effectiveness of the model will be tested on the reserved sample of the dataset. If the 

model still fits the test data, then it can be considered an appropriate model in terms of 

the predictor variables included.  

 

Using the current dataset comprising 3887 vowels (after outlier removal), the training set and 

test set were split into groups of 3110 and 777 cases, respectively.  

7.6. Results 

Prior to any analysis, a plotting of the raw data was completed using the phonR package. 

Through visual inspection of vowel plots (see Figure 7.2, below), differences are present between 

the two groups of speakers, with the largest exemplified across F1 measurements in the low-front 

vowels. A table presenting averages across the two speaker categories is presented in Table 15.  
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Figure 7.2: Monophthong productions in depressed (blue) and non-depressed (pink) speakers. 

Table 7.1: Means and standard deviations for each vowel and formant, separated by diagnostic group. *F1 in normalised units.  

Vowel F1 F2 

  Healthy Depressed Healthy Depressed 

/aa/ 0.561 (± 0.506) 1.933 (± 0.613) -0.786 (± 0.327) -0.796 (± 0363) 

/æ/ 1.390 (± 0.677) 1.075 (± 0.852) -0.079 (±0.364) -0.017(± 0.434) 

/ao/ -0.0514 (± 0.453) -0.291 (± 0.499) -1.133 (± 0.350) -1.154 (± 0.322) 

/i/ -0.992 (± 0.189) -1.003 (± 0.188) 1.343 (± 0.495) 1.314 (± 0.493) 

/o/ - 0.162 (± 0.403) - 0.327 (± 0.425) -0.511 (± 0.697) -0.558 (± 0.583) 

/u/ - 0.842 (± 0.243) -0.893 (± 0.240) 0.497 (± 0.877) 0.352 (± 0.829) 

 

The subsequent results are presented first by models extracted from the training set of data 

(n = 3110), followed by an application of these models on the test set of data (n = 777; see section 

7.5, p. 114 for cross-validation description).   



Vocal biomarkers of depression 
 

Page | 117  
 

7.6.1. Duration Results 

Given the positive skew of the duration measures, a logarithmic transformation was applied 

to the standard values, measured in milliseconds (ms; see Figure 7.3, below). 

 

Figure 7.3: Duration of vowels without (left) and with (right) a logarithmic transformation applied. 
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Figure 7.4: Duration of /i/ by group (in logarithmic units). 

A bootstrapped means estimator of differences summary is presented in Table 7.2. Within 

the training dataset, duration of vowels did not significantly differ by groups except for the /i/ vowel 

(see Figure 7.4). However, these effects on /i/ appear to be negligible (with a trimmed mean 

difference of 0.096 logarithmic units). A boxplot comparing the results also demonstrates 

overlapping confidence intervals between the two groups, suggesting a null effect. Similar 

differences were apparent when checking these results against the test dataset, with an overall 

estimated difference demonstrating no variance between groups (W = 1.584, p = 0.102). Overall, 

findings suggest that no durational differences exist between groups for any of the vowel types.  
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Table 7.2: Comparison of durational differences between healthy and depressed speakers. Durational measures are 

expressed in logarithmic units and the test statistic was computed using a bootstrapped trimmed means estimator (20% 

trimming with 2000 iterations). 

 

Within the ‘training’ dataset, duration of vowel tokens varied significantly across both 

speakers (SD = 0.089; 95% CI: 0.059, 0.136) as well as contexts (SD = 0.318; 95% CI: 0.299, 

0.337). Including random slopes also significantly improved the fit when grouping speakers by 

diagnostic status (see Table 7.3).  

Table 7.3: ANOVA comparisons of models included random intercepts and random slopes as compared to baseline intercept only 
model. 

Model  Degrees of 

Freedom 

AIC Log 

Likelihood 

L. Ratio p-value  

Intercept Only 2 3945 -1970.740   

Random 

Intercepts 

(Subject and 

Context) 

4 3229 -1610.877 719.726 < .001 

Random Slopes 

(Subjects by 

Groups, with 

Context) 

6 3227 -1607.888 5.977 0.05 

 

 

 

Vowel Average Duration – 

Healthy Speakers 

Average Duration – 

Depressed Speakers 

Test Statistic  

/æ/ 5.77 (± 0.40) 5.80 (± 0.44) W = -1.059, p = 0.289 

/aa/ 5.83 (± 0.40) 5.76 (± 0.41) W = 1.431, p = 0.157 

/ao/ 6.05 (± 0.54)  6.06 (± 0.49) W = -0.280, p = 0.783 

/i/ 5.95 (± 0.45) 5.88 (± 0.43) W = 2.253, p = 0.022* 

/o/ 6.01 (± 0.46) 5.98 (± 0.45) W = 0.526, p = 0.607 

/u/ 5.85 (± 0.54) 5.78 (± 0.47) W = 1.010, p = 0.303 
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Only vowel type was found to have a significant effect on duration, with gender and group 

not identified as significant predictors of this variable. Table 7.4 presents a comparison of models 

whereby predictor variables are added and assessed incrementally.   

Table 7.4: A comparison of AIC and log likelihood ratios between models with incremental variables added. 

Model and 

Added Variable 

Degrees of 

Freedom 

AIC Log 

Likelihood 

L. Ratio p-value 

Random Slope 

Model  

6 3227 -1607.888   

Addition of 

Vowel Type 

11 3170 -1574.342 67.093 < .001 

Addition of 

Gender 

12 3172 -1574.117 0.450 0.502 

Addition of 

Group 

13 3173 -1573.607 1.019 0.313 

 

The assessment of this model on the ‘test’ dataset demonstrated that incorporating 

random intercepts, slopes and vowel as significant predictors was still appropriate. Proving to be 

a robust fixed effect, vowel type once again was found to improve the fit of the model over the 

baseline intercept only model (T = 106.097, p < .001; SE = 0.045).  

7.6.2. First Formant Results  

As with durational analysis, a mixed effect model was built from the ‘training’ dataset and 

evaluated on the ‘test’ dataset. The relationship between F1 and depression showed significant 

variance in intercepts across speakers, (SD =  0.252; 95% CI: 0.171, 0.371) and contexts (SD = 

0.855; 95% CI: 0.820, 0.892). Both of these random effects significantly improved the fit of the 

model over the baseline intercept only version (χ2 (4) = 2642.232, p < .0001). In contrast, random 

slopes for speakers did not significantly vary by group (χ2 (6) = 0.011, p = 0.995). These results 

pointed to the utility of including only random intercepts within the training dataset when predicting 

F1 values.  

Fixed effects were assessed separately to check impact on the overall goodness-of-fit to 

the dataset. A summary of fixed factors and their contribution to model fit on the ‘training’ subset 

of the data is presented in Table 7.5.  
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Table 7.5: Summary table of fixed factors and their contribution to model fit on the training subset for F1 measurements. 

Variable Added  Degrees 

of 

Freedom 

AIC LogLik Chi Square  p-value  

Random Intercept 

Only (Baseline) 

Model 

4 6034.927 -3013.464   

Vowel 9 3716.207 -1849.104 2328.720 < .001 

Duration  10 3706.382 -1843.191 11.825 < .001 

Interaction – 

Duration * Vowel 

15 3670.382 -1837.066 12.251 < .001 

Gender 16 3660.760 -1836.248 1.636 < .001 

Task 18 3663.271 -1813.636 45.224 0.475 

Group 19 3656.279 -1809.140 8.992 0.002 

Interaction – 

Group * Vowel 

24 3636.418 -1794.209 29.861 < .001 

Interaction – 

Group * Gender 

25 3645.061 -1702.531 0.076 0.783 

 

Two factors were found to decrease the goodness-of-fit of the model to the training set. 

‘Task’ (i.e., the four speaking tasks completed by each participant) and an interaction term 

between ‘Group’ and ‘Gender’ were consequently dropped from the model. A backwards stepwise 

analysis confirmed the following model as significantly predictive of F1 values in speakers:  

F1 ~ Group + Vowel + Gender + Duration + (1|Subject) + (1|Context) + Group*Vowel + 

Vowel*Duration 

A summary of fixed effects is presented in Table 7.6, with interaction terms included. 

Results for the effect ‘Vowel’ should be interpreted as change in F1 in comparison to baseline /ɒ/ 

vowel (i.e., the lowest and most back vowel produced in the vowel space). Likewise, for the factors 

‘Gender’ and ‘Group’, coefficients should be interpreted as change from baseline female to male 

and from healthy to depressed participants, respectively.  
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Table 7.6: Summary of coefficients for the final model predicting F1 measurements. 

Variable  b 95% CI SE b T-value  p-value 

Intercept  -1.392  -2.008, -0.777 0.315 -4.427 < .001** 

Group -0.359 -0.522, -0.195 0.077 -4.676 < .001** 

Vowel - /æ/ 2.130 1.362, 2.898 0.393 5.423 < .001** 

Vowel - /ɔ/ 1.496 0.658, 2.331 0.429 3.491 < .001** 

Vowel - /i/  0.637 -0.166, 1.440 0.411 1.551 0.121 

Vowel - /o/  1.505 0.710, 2.301 0.406 3.700 < .001** 

Vowel - /u/  0.597 -0.253, 1.448 0.435 1.373 0.170 

Gender  -0.327 -0.459, -0.197 0.061 -5.323 < .001** 

Duration (log) 0.360 0.257, 0.464 0.053 6.770 < .001** 

Group * Vowel /æ/ 0.075 -0.062, 0.212 0.070 1.074 0.283 

Group * Vowel /ɔ/ 0.057 -0.095, 0.211 0.078 0.738 0.461 

Group * Vowel /i/ 0.299 0.167, 0.432 0.067 4.418 < .001** 

Group * Vowel /o/  0.166 0.019, 0.449 0.075 2.210 0.027* 

Group * Vowel /u/ 0.293 -0.362, -0.099 0.079 3.677 < .001** 

Duration * Vowel 

/æ/ 

-0.230 -0.362, -0.098 0.067 -3.425 < .001** 

Duration * Vowel /ɔ/ -0.360 -0.508, -0.235 0.073 -4.971 < .001** 

Duration * Vowel /i/ -0.372 -0.508, -0.235 0.069 -5.322 < .001** 

Duration * Vowel /o/ -0.389 -0.523, -0.254 0.069 -5.658 < .001** 

Duration * Vowel /u/  -0.346 -0.492, -0.201 0.074 -4.680 < .001** 

 

7.6.3. Effects of Speaker Characteristics on F1– Group and Gender  

Having a diagnosis of depression significantly predicted F1 measurements in the training 

dataset (b = -0.359, t(15) = -4.676, p < .001), with the negative coefficient denoting the direction 

of this relationship. Depressed speakers tended to have lower F1 values overall which 

corresponded to more centralised vowel realisations within the vowel space (see Figure 7.5).  
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Figure 7.5: Normalised F1 values for healthy (pink) and depressed (blue) speakers, separated by vowel type. 

Gender also played a role in the final formant measurement along F1, with males 

producing significantly lower F1 values than their female counterparts, (b = - 0.327, t(15) = -5.323, 

p < .001). No significant interaction between diagnostic group and gender was observed.  

7.6.4. The Effects of Vowel Characteristics on F1 – Type and Duration 

Characteristics intrinsic to the vowel were also found to exhibit a significant influence on 

final F1 realisations. Both the type of vowel (i.e., /æ ɒ ɔ i o u/), as well as the length of that vowel 

in logarithmic units explained a significant proportion of the variance on F1. This was expected 

based on the varying phonetic targets for the different vowel types within the vowel space.  

Lengthier vowel productions were also associated with higher F1 values (i.e., lower along 

the first formant axis), at least for specific vowel types (b = 0.361, t(1651) = 6.771, p < .001). 

Again, some vowels appeared to be more affected by duration than others (see Figure 7.6). As 

demonstrated from visual inspection, back vowel /ɒ/ is disproportionately affected by duration, 

with longer vowels resulting in far lower (i.e. raised F1) productions than shorter ones.  
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Figure 7.6: Normalised F1 values for duration measurements (logdur) by vowel type. Steeper slopes represent more change as 
duration varies. 

A posthoc correlation analysis using Kendall’s tau confirms this observation, with a small 

but highly significant relationship being determined for both depressed (τ = 0.18, p < .001) and 

healthy (τ = 0.11, p < .01) speakers (see Figure 7.7). Interestingly, the confidence intervals for 

each regression line do not meet until longer durations of the vowel (see the right side of x-axis 

in Figure 7.7). This implies that despite having longer time to meet a target for their /ɒ/ productions, 

depressed speakers do not achieve similar targets as their non-depressed counterparts, at least 

along the first formant axis.  
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Figure 7.7: Correlation coefficients for healthy (blue) and depressed (yellow) speakers' F1 and duration measurements. 

Overall, certain vowels are affected by duration in both depressed and non-depressed 

speakers (see Table 7.7 below). Realisations of /ɒ/, for example, are positively correlated with 

increasing durational measures for both groups, suggesting that as duration increases, so too 

does F1, with the vowel being produced lower in the vowel space. Group differences emerge 

when comparing the directionality of results for vowels such as /æ ɔ i/. Productions of /i/, for 

example, tend to be lower over longer durations in healthy speakers, while depressed speakers 

produce higher F1 values for /i/ with increasing duration. Both trends are statistically significant 

albeit with very small effect sizes. These differences may point to different underlying articulatory 

mechanisms when initiating and sustaining motor commands for successful vowel production.  

Table 7.7: Correlation results between vowels and duration measures, separated by diagnostic group. 

Vowel Kendall’s Tau (τ) – Healthy 

Group 

Kendall’s Tau (τ) – Depressed Group 

/æ/ -0.032, p  = 0.34 0.074, p = 0.05* 

/ɒ/ 0.11, p < .001** 0.18, p < .001** 

/ɔ/ -0.096, p = 0.05* 0.053, p  = 0.28 

/i/ -0.13, p < .001** 0.085, p = 0.03* 

/o/ -0.041, p = 0.33 0.052, p = 0.21 

/u/ 0.04, p = 0.44 0.09, p = 0.063 



Vocal biomarkers of depression 
 

Page | 126  
 

7.6.5. Psychomotor Subtype Analysis  

Given the exploratory nature of this experiment, patterns of articulatory behaviours and 

individual vowel plots were examined separately. Upon further inspection of a selection of the 

depressed speakers, it appears that a subset of this group was driving the majority of difference 

between the healthy and depressed groups. Through examination of the demographic 

questionnaire and baseline HAMD-17 scores (see Chapter 5), it became apparent that 

subgrouping of the depressed group of speakers may be informative when examining speech 

patterns.  As put forward in the investigation of vowel space in depressed speakers (see section 

6.8.1, p. 109), and as undertaken in an early study by Alpert and colleagues (2001), the decision 

was made to divide depressed speakers by psychomotor profile. This was done to better 

understand specific articulatory behaviours exhibited by different clinical presentations of 

depression.  

Speakers were classified as being either psychomotor ‘retarded’ (PMR) or ‘agitated’ 

(PMA) based on which question of their HAMD-17 baseline assessments23 they showed greater 

severity on. One speaker exhibited equal scores on both questions, so their assignment to a group 

was based on their own initial self-assessment (QIDS-SR16). This participant (#20) responded 

that they experienced more severe agitation symptoms, and as such, they were classified within 

this group. This grouping procedure was based on an identical method completed in previous 

work (Alpert et al., 2001).  

The breakdown of participants into groups did not cause a statistical difference in balance of 

gender, age nor baseline symptom severity scores (see Table 7.8 below).  

 

 

 

 

 

                                                           
23 Specifically, psychomotor retardation is evaluated on question 8 of the HAMD-17, and agitation is assessed on 
question 9; both symptoms are scored on a scale of 0 – 4, where 0 represents a total absence of symptoms and 4 
represents very severe presentation to the point where the interview cannot be conducted.  



Vocal biomarkers of depression 
 

Page | 127  
 

Table 7.8: Breakdown of participants into psychomotor profiles, with descriptive statistics and differences presented between 
groups. 

 Psychomotor 

Agitated Group 

Psychomotor Retarded 

Group 

Statistical 

Difference 

between Groups 

Number N = 4 N = 5  

Mean Age 44 years ± 10.5 47.2 years ± 9.01 T = -0.482, p > .05 

Gender  1 male; 3 females 2 females; 3 males Χ2 = 0.524, p > .05 

Mean baseline 

HAMD-17 score 

(i.e., symptom 

severity) 

15.3 ± 4.6 15.6 ± 6.5 T = 0.09, p > .05 

Average QIDS-

SR16 Score 

16 ± 2.7 14.8 ± 2.51 T = 0.692, p > .05 

 

From a statistical perspective, this subsetting can cause a loss of power and robustness 

of interpretation of results, and as such, statistical analysis was not applied to this exploratory 

examination. Instead, an overall review of articulatory patterns was conducted to inform future 

research into the effects of depression on speech.  

From visual inspection of differences (see Figure 7.8 and Figure 7.9 below), the majority 

of differences in F1 between non-depressed and depressed speakers was driven by the group 

presenting with psychomotor retardation. This was evident for the majority of vowels, except for 

/i ɔ/. Those with psychomotor agitation did present with more centralised productions of only /æ 

ɔ/; all other vowel realisations fell within the confidence intervals of their healthy counterparts. 

Given that those with psychomotor retardation, by definition, exhibit slower initiation and lesser 

magnitude of movements, it may be that this group of speakers experience greater effects of their 

depression on vowel productions within the vowel space. Individuals with psychomotor agitation 

present with more ‘restless’ movements, such as frequently changing position, or being unable to 

sit still. It is possible that their motor coordination may therefore be compromised by this agitation, 

thus causing difficulties in meeting specific vowel targets, such as /æ/, which require organisation 

of both the tongue and jaw. Further inspection using kinematic or imaging methods may untangle 

more nuanced articulatory behaviour differences between the two groups.  
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Figure 7.8: A comparison of vowel productions by psychomotor subtype. 
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Figure 7.9: Normalised F1 measurements by depressive subtype and vowel. 
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7.6.6. Checking Generalisation of Results in Test Data Subset 

As previously discussed, the robustness of independent variables was cross-validated in 

a secondary subset of the data comprising 20% of the recorded cases. Both group (b = -0.381, 

t(68) = -3.626, p < .001) and gender (b = -0.345, t(20) = -4.474, p < .001) once again were found 

to be significantly predictive of F1. As in the previous results, healthy and depressed speakers 

produced realisations of /i u/ that were statistically similar. Once again, low vowels (/ɒ æ/) and 

back vowel /o/ were disproportionately affected within depressed speakers (see Figure 7.10). 

Some overlap between the two groups’ realisation of vowel /ɔ/ occurred in this dataset, suggesting 

that its utility as clinical biomarker may be limited, possibly due to idiosyncracy of production. 

Overall, depressive status appears to exhibit a robust effect on first formant realisations across a 

wide number of vowels.  

 

Figure 7.10: Normalised F1 values by group and vowel type as extracted from the testing subset of data points. 
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A summary of the goodness-of-fit of the original model when applied to the test subset is 

presented in Table 7.9. Goodness-of-fit, in this instance, refers to how well the original model 

applied to the secondary “test” subset of data, with special consideration given to b coefficients, 

T values and p-values to check if these are still significant.  

Table 7.9: Summary of coefficients of original model when applied to the test dataset. 

Variable  b 95% CI SE b T value p-value 

Group -0.382 -0.603, -0.176 0.105 -3.626 < .001** 

Vowel /æ/ 1.779 0.535, 3.096 0.638 2.786 < .001** 

Vowel /ɔ/ -0.210 -1.529, 1.100 0.657 -0.320 0.749 

Vowel /i/ -0.821 -2.15, 0.475 0.656 -1.253 0.211 

Vowel /o/ 0.416 -0.893, 1.740 0.658 0.632 0.528 

Vowel /u/ -0.163 -1.613, 1.288 0.723 -0.226 0.821 

Gender -0.344 -0.513, -0.188 0.077 -4.474 < .001** 

Duration (log) 0.208 0.007, 0.415 0.102 2.038 0.042* 

Group * Vowel /æ/ -0.105 -0.312, 0.098 0.103 -1.023 0.306 

Group * Vowel /ɔ/ 0.060 -0.184, 0.306 0.122 0.486 0.627 

Group * Vowel /i/ 0.360 0.153, 0.579 0.106 3.381 < .001** 

Group * Vowel /o/  0.086 -0.132, 0.308 0.110 0.784 0.433 

Group * Vowel /u/ 0.358 0.125, 0.604 0.120 2.991 0.003** 

Duration * Vowel 

/æ/ 

-0.180 -0.453, 0.085 0.134 -1.339 0.181 

Duration * Vowel /ɔ/ -0.087 -0.359, 0.183 0.136 -0.641 0.522 

Duration * Vowel /i/ -0.142 -0.415, 0.127 0.135 -1.047 0.296 

Duration * Vowel /o/ -0.202 -0.475, 0.064 0.134 -1.499 0.134 

Duration * Vowel /u/  -0.251 -0.558, 0.044 0.150 -1.671 0.100 

 

A backwards stepwise function returned the following as the final model that had the best 

goodness-of-fit to the test data subset:  

F1 ~ Group + Vowel + Gender + (1|Subject) + (1|Context) + Group*Vowel  

Both duration and an interaction between vowel and duration were dropped from the final 

model, calling into question their effect on F1 in this smaller dataset. A summary of the terms and 

their significance is provided in Table 7.10.  
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Table 7.10: Test statistics and significance for fixed, random and interaction terms of the training set model as applied to the test 
dataset. 

Effect Added Eliminated Df AIC logLik L.Ratio p-value  

Random 

Effect: Subject 

0 3 2093.58 -1043.79   

Random 

Effect: Context 

0 4 1827.72 -909.86 267.86 < .001** 

Fixed Effect: 
Vowel 

0 9 931.18 -456.59 906.55 <.001** 

Fixed Effect: 
Duration 

1 10 931.68 -455.83 1.50 ns 

Interaction 

Term: Duration 

* Vowel 

1 15 937.35 -453.67 4.33 ns 

Fixed Effect: 
Gender 

0  16 929.37 -448.69 9.97 < .001* 

Fixed Effect: 

Group 

0 17 921.74 -443.87 9.63 < .001* 

Interaction 
Term: Group * 
Vowel 

0 22 910.83 -433.42 20.91 <.001* 

7.6.7. Second Formant Results 

As with the analysis conducted on F1, a linear mixed effect model was built to determine 

what factors significantly impacted final realisation of vowels along the second formant axis (F2).  

The relationship between F2 and diagnosis showed significant variance in intercepts 

across speakers, (SD = 0.127; 95% CI: 0.087, 0.185) as well as contexts (SD = 0.364; 95% CI = 

0.346, 0.383). However, as with F1 measurements, it did not display significant variability across 

random slopes (i.e., speakers nested within groups), χ2 (6) = 0.390, p = 0.823 .  

Once again, fixed factors were assessed separately to check impact on the overall 

goodness-of-fit to the dataset. A summary of fixed factors and their contribution to model fit on 

the ‘training’ subset of the data is presented in Table 7.11.  
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Table 7.11: A summary of fixed factors and their contribution to model fit for predictions of F2 measurements, extracted from the 
training subset of data. 

Variable Added  Degrees of 

Freedom 

AIC LogLik Chi Square  p-value  

Random 

Intercept Only 

(Baseline) Model 

2 5679.599 -2385.799   

Vowel 9 3042.250 -1512.125 2647.348 < .001 ** 

Duration 10 3039.229 -1509.614 5.021 0.025 * 

Gender 11 3018.230 -1498.115 23.000 < .001 ** 

Task  13 3022.230 -1498.115 0.000 1.000 

Interaction – 

Duration * Vowel  

18 2991.091 -1477.545 41.139 < .001 ** 

Group 19 2992.677 -1477.338 0.414 0.520 

Interaction – 

Group * Vowel  

24 2993.975 -1472.988 8.701 0.122 

Interaction – 

Group * Gender  

25 2995.941 -1472.971 0.034 0.853 

 

A stepwise regression analysis using the step() function returned the following as the final 

model predictive of F2 in the training dataset.  

F2 ~ Vowel + Gender + Duration (Log) + (1|Subject) + (1|Context) + Vowel * Duration  

A summary of fixed effects is presented in Table 7.12, with interaction terms included. As 

with the F1 analysis, results for the ‘Vowel’ factor should be interpreted as change in F2 in 

comparison to baseline /ɒ/ vowel. Likewise, for the factors ‘gender’ and ‘group’, coefficients should 

be interpreted as change from baseline female to male and from healthy to depressed 

participants, respectively.  
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Table 7.12: A summary of coefficients for the final model predicting F2 from the training dataset. 

Variable  b 95% CI SE b T-value  p-value 

Vowel /æ/ -0.032 -0.705, 0.641 0.344 -0.094 0.925 

Vowel /ɔ/ -0.891 -1.650, -0.132 0.388 -2.300 0.022* 

Vowel /i/ 0.119 -0.606, 0.843 0.370 0.321 0.748 

Vowel /o/ -0.399 -1.097, 0.299 0.357 -1.18 0.264 

Vowel /u/ 1.083 0.318, 1.847 0.390 2.773 0.006** 

Gender -0.442 -0.579, -0.305 0.065 -6.823 < .001** 

Duration (log) -0.163 -0.257, -0.070 0.048 -3.421 0.001 ** 

Duration * Vowel 

/æ/ 

0.130 0.014, 0.246 0.059 2.191 0.029 * 

Duration * Vowel 

/ɔ/ 

0.088 -0.041, 0.217 0.066 1.336 0.182 

Duration * Vowel /i/ 0.350 0.225, 0.474 0.064 5.501 < .001 ** 

Duration * Vowel 

/o/ 

0.108 -0.011, 0.227 0.061 1.778 0.076 

Duration * Vowel 

/u/ 

0.021 -0.111, 0.152 0.067 0.307 0.759 
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7.6.8. Effects of Vowel Characteristics on F2 – Type and Duration  

As with F1, both vowel type and duration both significantly affected the final realisation 

along the second formant axis. Back vowels /ɒ ɔ o u/ which were longer in duration were produced 

slightly farther back within the vowel space (see Figure 7.11), while front vowel /i/ was produced 

farther forward with longer durations.  

 

Figure 7.11: Normalised F2 values by duration (in logarithmic units). Steeper slopes represent more greater variation of F2 by 
durational changes. 

 

Once again, group patterns emerged when examining correlational results between 

depressed and non-depressed speakers (see Table 7.13 below). Negative correlations were 

identified between duration and F2 for vowels /ɒ ɔ u/ across both groups, although the strength 

of these relationships differed by diagnostic status.  

Differences between groups also emerged; depressed speakers demonstrated significant 

correlations between F2 and productions of /i/ while no comparative result was identified within 

the healthy speakers. Depressed speakers also did not exhibit a significant relationship between 

F2 and duration for /æ/, although healthy speakers did. 
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Table 7.13: Correlational values between F2 and duration (log), separated by vowel and group. 

Vowel Kendall’s Tau (τ)– Healthy 

Group 

Kendall’s Tau (τ)– Depressed Group 

/æ/ -0.11,  p = 0.02* - 0.029, p = 0.44 

/ɒ/ -0.10, p < .01** -0.13, p < .01 ** 

/ɔ/ -0.21, p < .001** - 0.14, p < .01 ** 

/i/ 0.03, p = 0.43 0.19, p < .001** 

/o/ -0.03, p = 0.44  - 0.03, p = 0.54 

/u/ -0.16, p < .01**  -0.14, p < .01 ** 
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7.6.9. Effects of Speaker Characteristics on F2 – Gender and Group 

 

Depressive status did not significantly predict F2 values across any of the vowel types (b = -0.03, t(15) 

= -0.383, p = 0.71); speakers with and without depression produced vowels that were statistically similar 

(see Figure 7.12).  

 

Figure 7.12: Normalised F2 values by group and vowel type. 

 

However, gender did have a large effect on F2 (b= -0.442, t(15) = -6.823, p < .001) as 

males produced vowels that were 0.442 normalised units further back within the vowel space. As 

evident in Figure 7.13, all investigated vowels were produced farther back in the males’ vowel 

space as their female counterparts. 
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Figure 7.13: Normalised F2 values by gender and vowel type. 
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7.6.10. A Note on Subtyping Depressive Speakers in F2 Investigations 

In contrast to the results observed in the F1 analysis, depressive subtype did not appear to 

have any effect on final realisation of vowels along F2 (see Figure 7.14 below). From visual 

inspection, speakers with PMA produced vowels that are further forward within the vowel space 

than both non-depressed and PMR participants (i.e., for /æ i o u/), while PMR speakers produce 

/æ o u/ further back. However, given overlapping confidence intervals, the effects of these are 

likely to be small and/or not statistically significant. Further investigation is necessary in larger 

datasets with balanced participant groups.  

 

 

Figure 7.14: Normalised F2 values by vowel type and depressive subtype. 
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7.6.11. Checking Generalization in Test Data Subset 

 

The final model fitted to the training dataset was checked for goodness-of-fit against the 

test subset in order to assess the validity of the predictor variables. A stepwise backwards 

regression using the step() function in R returned the following model as best fit to the dataset: 

F2 ~ Vowel + Gender + (1|Subject) + (1|Context) 

Table 7.14 presents a summary of the model variables when applied to the testing data 

subset.  

Table 7.14: Test statistics for random, fixed and interaction effects of training set model when applied to testing subset of data. 

Effect Added Degrees of 

Freedom 

AIC logLik L.Ratio p-value  

Random Intercept 

Only Baseline Model  

4 1874.038 -933.019   

Fixed Effect: Vowel 9 929.616 -455.808 954.423 < .001 ** 

Fixed Effect: 

Duration (log) 

10 931.120 -455.560 0.496 0.481 

Fixed Effect: Gender 11 911.675 -444.838 21.445 <.001** 

Interaction term: 

Vowel * Duration 

(log) 

18 905.076 -434.538 20.599 0.004** 

Fixed Effect: Group  19 906.235 -434.118 0.840 0.359 

Interaction term: 

Group * Vowel 

24 912.843 -432.421 3.392 0.640 

 

Diagnostic group was not found to be significantly predictive of F2 in this subset (b = 0.003, 

t(72.07) = 0.026, p > 0.05), while gender was once again found to have be significantly predictive 

of F2 (b = -0.447, t(19.01) = -6.336, p < .001). Expectedly, vowel was once again a strong predictor 

of F2 measurement (see summary Figure 7.15 and Table 7.15, below).  
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Figure 7.15: Normalised F2 values by group and vowel type. 

 

A summary of the original model fit to the smaller test subset is presented in Table 7.15, 

below. 
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Table 7.15: Summary of coefficients of training set model as applied to testing subset of data. 

Variable  b 95% CI  SE b T value p-value 

Group 0.002 -0.193, 0.198 0.099 0.026 0.980 

Vowel /æ/ 0.765 -0.500, 2.031 0.644 1.187 0.236 

Vowel /ɔ/ -0.830 -2.13, 0.479 0.667 -1.244 0.214 

Vowel /i/ 1.116 -0.221, 2.454 0.681 1.638 0.102 

Vowel /o/ -0.791 -2.097, 0.515 0.665 -1.190 0.234 

Vowel /u/ 2.054 0.566, 3.535 0.752 2.732 0.006** 

Gender -0.447 -0.592, -0.301 0.071 -6.336 < .001** 

Duration (log) -0.104 -0.312, 0.104 0.106 -0.980 0.327 

Group * Vowel /æ/ 0.003 -0.189, 0.196 0.098 0.037 0.971 

Group * Vowel /ɔ/ -0.169 -0.405, 0.067 0.120 -1.400 0.162 

Group * Vowel /i/ -0.123 -0.323, 0.0781 0.102 -1.201 0.230 

Group * Vowel /o/  -0.045 -0.252, 0.161 0.105 -0.430 0.667 

Group * Vowel /u/ -0.201 -0.426, 0.022 0.114 -1.769 0.077 

Duration * Vowel 

/æ/ 

-0.016 -0.284, 0.251 0.137 -0.119 0.905 

Duration * Vowel 

/ɔ/ 

0.114 -0.157, 0.386 0.139 0.824 0.410 

Duration * Vowel 

/i/ 

0.233 -0.044, 0.510 0.141 1.649 0.100 

Duration * Vowel 

/o/ 

0.215 -0.055, 0.485 0.138 1.565 0.118 

Duration * Vowel 

/u/  

-0.117 -0.427, 0.194 0.157 -0.745 0.457 

 

 

 

7.7. Discussion 

7.7.1. Duration of Vowels  

In contrast to previous results (e.g., Trevino et al., 2011), no durational differences were 

noted for any of the investigated vowel segments between the non-depressed and depressed 
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groups of speakers. Although these results were unexpected, it may be that speech sound types 

other than vowels (e.g., fricatives; Trevino et al., 2011) are more prone to lengthening due to 

depression. 

Furthermore, duration appears to significantly affect both F1 and F2 realisations, at least 

with regards to certain vowels. Both depressed and healthy speakers demonstrated significant, 

positive correlations between length of /ɒ/ and F1. Other significant correlations between F1 and 

duration were negligible (i.e., r < 0.1). It may be that /ɒ/, as produced in most extreme back and 

low part of the vowel space, is particularly affected due to the required combination of motor 

movements of the tongue and jaw. Because of this multiple articulator involvement, final 

realisation of this vowel may be particularly susceptible to durational effects, with longer durations 

leading to lower realisations (i.e., higher F1 measurements) within the vowel space.  

Duration also affects realisations of vowels along the F2 axis. In particular, /i/-related F2 

measurements varied by diagnostic status, with depressed speakers showing a highly significant, 

positive correlation (r = 0.19) between duration and F2. That is, as durational length of /i/ 

increased, the sound was produced further forward in the oral cavity. This trend was not seen in 

the control group, suggesting that depressed speakers require more time to achieve this phonetic 

target. Another difference was noted in /æ/-related F2 measurements—healthy speakers 

demonstrated a significant correlation (r = -0.11) between these two variables, while depressed 

speakers did not. The production of /æ/ requires a coupling of the jaw and tongue movements 

and is considered a more articulatory complex speech sound to produce (cf. Kent [1992]; see 

Table 2.1, p. 28). As such, non-depressed speakers increase phonemic duration to produce /æ/ 

realisations that are farther forward in the vowel space, whereas depressed speakers do not. This 

suggests that depressed speakers may not be engaging in as much jaw movement (see F1 

differences below, section 7.2), and that where this articulator is incorporated, increased vowel 

length does not impact final realisation along the second formant axis. However, this pattern 

should be checked within a larger dataset comprising more speakers, as the pattern was only 

identified for /æ/ but not other low vowels (e.g., /ɒ/).  

 

7.7.2. Vowel Production Differences in Depression 

Results suggest that articulatory behaviour is affected by clinical depression 

asymmetrically; that is, depressed speakers only demonstrate reduced range of movement along 

the first formant axis, rather than the second. This echoes previous findings (e.g., France et al., 
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2000; Mundt et al., 2012), which suggest that the first formant is particularly salient as an indicator 

of depression in speech.  Several explanatory hypotheses arise in response to these findings. 

Firstly, it may be that speaking rate has a role to play and is affecting the contribution of the jaw 

in vowel productions disproportionately. In contrast to these, it may also be that facial tension and 

motor coordination deficits affect the ability of articulators to reach maximal range of movement 

required for vowel production.  

7.7.3. Speaking Rate in Depression – Effects on Articulatory Contribution 

Previous studies (e.g., Saltzman and Munhall, 1989; Bowman and Goldstein, 1990) 

highlight the jaw’s assistive role in speech production, as it utilised bio-mechanical coupling to 

lower the lower lip and tongue towards targeted places of articulation. However, some authors 

(e.g., Wood, 1979) argue that the jaw plays a more direct role in vowel production than this. 

Ongoing debate seems to suggest that a middle ground between the two points is more realistic—

in reality, “the influence of the jaw on the active articulator increases with the distance from the 

condyle24 because of the predominantly rotational movement component of the jaw” (Edwards, 

1985; as cited in Mooshammer et al., [2007], p. 6). In simpler terms, the influence of the jaw on 

the tongue increases when moving from the back (root) to the front (tip). Additional findings 

suggest greater global vocal effort is often exhibited with lower jaw position during typical vowel 

production, regardless of actual vowel height within the vowel space (Shulman, 1989; Munhall, 

Ostry and Flanagan, 1991; McClean and Tasko, 2003; Geumann, 2001).  

One recent study sheds further light on the findings from this experiment. Mefferd (2017) 

investigated decoupled jaw and tongue movements in loud, clear and slow speech conditions, 

modelling the contribution of each articulator within each temporal setting. Displacement of the 

tongue and lower lip increased in slow speech productions, while jaw displacements remained 

relatively stable, a finding concurrent with other studies (e.g., Hertrich and Ackermann, 2000). In 

loud conditions, increases in decoupled tongue displacement were equivalent to that of the jaw; 

this equivalency was also observed within the clear speaking condition. In effect, depressed 

speakers who may be speaking less loudly or clearly than their healthy counterparts may be 

experiencing less equal contributions from the jaw and tongue and this deficit is seen more clearly 

along the F1 axis. Slow speech also resulted in increased tongue displacement comparative to 

that seen in the jaw (Mefferd, 2017). From previous literature (see section 3.7.1, on page 37), 

speech rate has been known to be affected by depression, and speaking in this slower manner 

                                                           
24 The condyle is an articulatory surface for articulation and forms parts of the temporomandibular joint. It can be 
thought of as the ‘hinge’ that attaches the jaw to the base of the skull (Mooshammer et al., 2007).  
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may cause less jaw contribution overall throughout the articulatory process25. However, this 

specific study did not find evidence of durational differences for any of the vowels investigated; 

this, coupled with the results that duration impacted specific phonemes to differing degrees 

between the two groups, suggests that another explanatory factor is in operation besides 

speaking rate differences26.  

 

7.7.4. Facial Movements and Motor Incoordination – Links to Articulatory 

Complexity 

 

The observation of changes along F1 but not F2 in the oral cavity suggests that the jaw 

may be disproportionately affected by clinical depression and its associated symptoms. This may 

stem from facial movement reductions, commonly seen in depression, or a lack of motor 

coordination as a trickle-down effect of reduced dopaminergic activity in the basal ganglia 

(discussed in section 1.4.2, p. 7).  

Reduced facial expressions and overall facial tension has been identified as a robust 

symptom in clinical depression (cf. Ellgring, 1989). Facial tension, as assessed by a reduction in 

facial muscle electromyographic activity, has been demonstrably linked to psychomotor 

retardation in depressed subjects (Schwartz, Fair and Salt, 1976). Gehricke and Shapiro (2000) 

have also reported reduced overall muscle reactivity to both positive and negative emotional 

stimuli in depression, while reduced facial expressiveness was also observed elsewhere 

(Renneberg et al., 2005). Gehricke and Shapiro (2000) specifically examined facial movement 

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 other articulators, but further investigation is needed. More recent attempts to 

automatically detect depression has also found that the addition of facial image analysis improves 

overall accuracy of computer models (Cohn et al., 2009; Meng et al., 2013; Williamson et al., 

2014). Overall, it appears that facial movements are significantly reduced in depressed 

speakers—this effect suggests that appraisal of facial tension and expressiveness may be 

                                                           
25 Although vowel-specific phoneme durations were not significantly different between groups within this 
experiment, it is possible that other categories of speech sounds are affected in clinical depression. 
Previous literature does suggest that certain categories of symptoms (e.g., fricatives) are more aligned with 
symptom severity scores, and vowels may simply not be as influenced as other phonemes by depression.  
26 It is important to note that although speaking loudness was not specifically controlled for in this study, the 
fact that multiple other studies have yet to find conclusive evidence of depression-related loudness deficits 
(see, e.g., Alpert et al., 2001) casts doubt on the idea that this is the only factor causing variance in F1 
between the two groups.  
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expressly tied to investigations of speech production in the condition. These deficits may be 

disproportionately affecting jaw and lip range of movement during articulation.  

Combined with overall reduction in facial movement, dopaminergic deficits in the basal 

ganglia (see section 1.4, p. 5) could affect the ability to completed articulatory jaw movements in 

a coordinated way. As previously reported, vowels do vary in their articulatory complexity (cf. 

Kent, 1992), with specific vowels requiring more contribution of articulators than others. Those 

vowels that were most affected in this experiment within depressed speakers (i.e., low and back 

vowels /æ ɒ ɔ/) require more articulatory motor adjustments than others (e.g., /u i o/). As such, 

the articulatory requirement for motor timing and control of multiple articulators may be inherently 

affected by facial tension and reductions in expressiveness, and therefore cause raised 

productions within the vowel space for specific, more complex, vowels.  

These biological theories are complemented by Lindblom's (1990) work on HandH 

Theory27 in speech and articulation. Citing principles of economy and plasticity, results from early 

bite-block vowel studies (Lindblom, 1983) point out that when unconstrained, a speaker’s motor 

system will automatically default to a low-cost form of behaviour. Within this model, speech output 

can be oriented along a continuum of hyperspeech to hypospeech. In the former, speakers 

dynamically tune speech production in real-time to meet short-term demands for output-oriented 

control. Hypospeech, on the other hand, is a form of system-oriented control and tends to occur 

where output constraints on a movement become less severe. Within this line of thought, deficits 

in motor control (observed here in speakers with depression) may cause the individual to 

automatically default to a system-oriented control (i.e., hypospeech) in an effort to conserve 

cognitive resources. As such, articulatory movements involving the jaw and tongue may be 

minimised and vowel targets changed as a result.  

7.7.5. Additional Considerations – Psychomotor Profile 

 

The separation of depressed speakers into groups based on psychomotor symptoms (as 

assessed by their baseline HAMD) resulted in interesting emergent patterns. Differences 

appeared to be mainly driven by the group with psychomotor retardation, rather than those with 

psychomotor agitation, echoing results from a previous study (Alpert et al., 2001) which offered 

initial evidence for the clinical utility of this dichotomy. Given that the former group is more severely 

impacted by symptoms of movement reductions, as well as difficulties initiating movements, this 

                                                           
27 HandH standing for Hypospeech and Hyperspeech.  
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is not surprising. As the depressed group was small in this study (n = 9), it would be considered 

prudent to control for baseline psychomotor scores with larger samples per group.  

 

7.7.6. Additional Considerations on Vowel Productions – Gender and Depression 

 

Future studies may wish to further assess this distinction between males and females in the 

production of vowel targets, and how this intersects with clinical conditions such as depression. 

Previous research has provided robust evidence for gender-based differences in vowel 

articulation (e.g.,  Simpson, 2001; 2002; 2003; Weirich and Simpson, 2014; 2018), as well as 

vowel space area (Hillenbrand et al., 1995; Simpon and Ericsdotter, 2007; Weirich and Simpson, 

2014) and vowel duration (Weirich and Simpson, 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 and Simpson, 2018). The current study provides further supportive evidence for gender-

based differences in articulatory targets between males and females, with gender achieving 

significance as a fixed factor for both F1 and F2 measurements. Males tended to have decreased 

F1 and F2 measurements, even after normalization adjustments were put into place to reduce 

this biologically-driven variation in raw Hz values. It appears that future examinations of speech 

in depression would benefit from continuing to include gender as a specific predictor in statistical 

analysis, as others have done so before (e.g., Ellgring and Scherer, 1996).  

7.8. Conclusions 

Articulatory behaviours appear to be sensitive to the effects of clinical depression, with the 

condition asymmetrically affecting F1 measurements on low and back vowels. These results may 

partially explain the non-significant findings from the previous investigation on Vowel Space Area 

(see Chapter 6: Vowel Space Area in Depressed and Healthy Speakers, p. 99). Overall vowel 

space was not affected due to the /i/ target being produced consistently across both groups of 

speakers. The observed variation in low and back vowels may be attributable to the articulatory 

complexity involved in coupled biomechanical involvement of the jaw and tongue in these specific 

phonemes, an additional resource which is affected in depression by facial tension and motor 

incoordination. Although these behaviours were identified within certain vowel productions, future 

experiments may seek to assess these articulatory behaviours in more dynamic speech 

behaviours (i.e., in diphthongs), which may provide further information about articulatory speed 

and range of movement; the former of these variables cannot be assessed in measurements of 

static vowel productions.  
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As alluded to by previous findings, gender continues to play an important role in the 

production of vowels and should be considered in future studies as a variable to control for. In a 

similar light, psychomotor profile may prove relevant after validation in larger experiments, and 

likewise should be considered an important categorical factor when assessing F1 measurements 

in vowel productions. 
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8. Chapter 8: Diphthong Productions in Depressed and Healthy 

Speakers  

8.1. Introduction 

The previous chapter focused exclusively on monophthong realisation differences between 

depressed and healthy speakers, linking the centralisation of low and back vowels to motor 

incoordination and facial tension commonly seen in psychomotor symptoms of the condition. 

However, monophthong analysis only provides a snapshot of articulatory movements within the 

vowel space; it does not, for example, give us an indication of articulatory speed or dynamic 

changes that occur over the course of the vowel production.  

To address this issue, the current chapter will focus on speech sounds of a more dynamic 

nature—diphthongs. Diphthongs are vowel productions that involve the combination of two 

monophthong-like targets in quick succession. It is possible to visually assess this tongue 

movement via formant changes in a spectrogram. 

Previous articulatory investigations have not focused on diphthongs due to methodological 

and annotation difficulties (see section 8.2, p. 149 below); where research has been completed, 

studies have mainly focused on clinical populations with motor speech disorders where dysarthria 

is a feature symptom (e.g., Yunusova et al., 2008).  

The current experiment will build upon results seen in previous experiments which 

demonstrated differences in articulation of vowels between depressed and healthy speakers, with 

an aim to better understand the nature of motor deficits commonly linked to psychomotor agitation 

and retardation symptoms.  

8.2. Literature Review  

In a strictly phonetic sense, diphthongs represent transitional movements through the vowel 

space over time and have been investigated in studies as early as the 1940s (e.g., Potter and 

Peterson, 1948). They have historically been thought to incorporate three phonetic elements: 

‘targets’, ‘steady states’ and ‘trajectories’. Separating diphthongs in this manner allows for 

comparison between different segments in experimental contexts (Gottfried et al., 1993). Onset 

and offset ‘targets’ occur at either end of the diphthong when speakers typically produce steady 
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state segments28. ‘Steady states’ are periods with minimal spectral movement, with Lehiste and 

Peterson (1961) defining these as “the time interval within the syllable nucleus where the formants 

are parallel to the time axis” (p. 272). ‘Trajectories’, or slopes of transitions, are movements 

between two targets of a diphthong. A chart of diphthongs in the English language is presented 

in Figure 8.1.  

 

Figure 8.1: A chart plotting out diphthong trajectories and targets in Received Pronunciation (RP) 

English.   

Diphthongs are quite difficult to investigate for a variety of reasons. Firstly, their relationship 

to monophthongs is not clear-cut and can be difficult to quantify. Studies by Holbrook and 

Fairbanks (1962), Gay (1968) and Lee et al., (2014) do not support the idea of diphthongs as 

sequences of two vowels; their evidence suggests no overlap between diphthong onset and offset 

targets, and their monophthong counterparts within the F1-F2 space. Diphthongs can also be 

produced with little to no steady state as a by-product of speaker and dialect variation, making it 

difficult to identify and label transitory onset and offset points (Hixon et al., 2020). In particular, 

speaking rate is thought to exert a considerable influence over transitional segments across 

diphthong productions, particularly in offset locations within the vowel space (Gay, 1968; 

Yunusova et al., 2012).  

However, even with reduced steady state portions, diphthongs are thought to have identifiable 

transitional segments in between the two, reflecting a rapid change in vocal tract shape over the 

course of the production. Weismer and colleagues (1988) popularized a method of measuring 

                                                           
28 NB: Onset and offset targets are not always labelled in relation to steady states, as earlier studies have 
pointed to inconsistencies across speaking rates, languages and between different diphthongs (Borzone 
de Manrique, 1979; Gay, 1968; Peeters, 1991).  
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this transition, defining onset and offset points as the start or end of a 20-Hz formant change over 

a 20-ms time interval.  

Despite these methodological caveats, exploratory investigations into diphthong productions 

in clinical samples suggest that they may be sensitive markers of neurological damage given their 

kinematic nature (e.g.,  Kent et al., 1975; Yunusova et al., 2008, 2012). This has been studied 

most extensively in cases of dysarthria (e.g.,  Kent et al., 1989; Kim et al., 2009; Weismer et al., 

2012). 

 Reduced diphthong productions within this clinical subset have been observed in both the 

size and speed of articulatory movements. In particular, the F2 slope appears to be most affected 

in these conditions, demonstrating a shallower slope and reduced overall range of motion 

(Weismer et al., 2012; Yunusova et al., 2012).  

The second formant may also be a proxy measure for speech intelligibility—F2 slopes in/ɔɪ/ 

productions have been negatively correlated to intelligibility measures (r = - 0.50) and F2 range 

in /æ/ has been shown to positive correlate with intelligibility (r = 0.49) (Yunusova et al., 2012). 

Studies incorporating kinematic measures alongside diphthong transitional ones also conclude 

that F2 is particularly useful at tracking overall disease progression in patients with ALS (Weismer 

et al., 1992, 2012; Yunusova et al., 2012). 

It is important to point out that many of these studies did not, in fact, assess F1 slopes at all, 

instead choosing to focus on a single formant (F2) for parsimonious reasons. This may potentially 

answer for the lack of significant links between this formant and articulatory range of movements 

in clinical research. 

Some authors have interpreted findings in light of articulatory theories of production, most 

notably the ‘gestural overlap model’ (Tjaden and Weismer, 1998; Weismer and Berry, 2003). 

Given that any single diphthong production comprises multiple articulatory gestures within the 

vocal tract, this model suggests that the speaker has control over durational and formant changes 

through the variation of gestural phases, rather than rescaling the gestures themselves. This 

creates several implications for the final realisation of the diphthong, most notably the fact that a 

reduction in gestural overlap causes a downstream increase in the size and extent of the 

diphthong transition, without a subsequent change in the rate of this transition (Tasko and Greilick, 

2009). Furthermore, this decreased overlap also causes slower movement speed at the transition 

onset and offset. 
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To date, there have been no investigations into diphthong formant measures within clinically 

depressed speakers. Although depressed individuals present with very different clinical profiles 

than those with ALS or dysarthria, it may be that this particular type of articulatory gesture 

represents a useful clinical indicator of psychomotor symptomatology, especially in light of its 

dynamic nature. It is anticipated that centralisation of vowel tokens, as well as reduction in overall 

articulatory speed, will affect the onset, offset and transitional segments of diphthong realisations 

within this exploratory study.  

8.3. Research Aims and Hypotheses  

This exploratory examination of diphthong realisations between depressed and healthy 

speakers will establish whether diagnostic state elicits an effect on articulatory gesture speed, as 

well as onset and offset locations. Findings of asymmetric vowel centralisation along the F1 axis 

from this research (see Chapter 7), coupled with previous results suggesting clinical utility of F2 

slopes as markers of motor control provide justification for measurement of both formants within 

this experiment.  It is hypothesized that diphthongs incorporating low-back vowel onsets and 

offsets will also be disproportionately affected in depressed speakers, as they engage in more 

gestural overlap and slower overall articulatory range and speed of movement resulting from 

psychomotor symptoms.  

To this end, the following study will aim to answer the following questions: 

 Are diphthong realisations significantly different between healthy and depressed speakers 

in terms of overall duration, and onset and offset locations? 

 Specifically regarding the diphthong transitional segment, does the overall F1/F2 range 

and velocity of movement (i.e., Hz/ms) differ between speakers with and without 

depression? 

 As with monophthong productions, are differences between depressed and non-

depressed speakers predominantly observed within the subset of individuals with 

psychomotor retardation?  

8.4. Methods 

8.4.1. Speech Material 

Previous clinical-setting studies have focused on one or two diphthongs across one (e.g.,  

Tasko and Greilick, 2009) to five repetitions (e.g., Yunusova et al., 2012), and typically focus on 

investigation of F2 slopes. As previously stated, both formant axes will be analysed separately in 

this study—as such, it was considered prudent to include diphthongs that exhibited either a large 
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transitional segment along the F1 axis (i.e., /aɪ/) or the F2 axis (i.e., /ɔɪ/) to check for differences 

in articulatory behaviours between the two. Both of these diphthongs were produced as part of 

the read sentences task, in the words ‘buys’ and ‘toy’, with speakers producing two to four 

repetitions, depending on the length of time within the study. Diphthongs extracted from the free 

speech and short ‘Dog and Duck’ story were not included as speech material. This was due to 

the high likelihood of reduced transitional segments and likely limited onset and offset segment 

durations, which is often apparent in cases of running speech (cf. Gay, 1968).  

Within the set of /ɔɪ/ productions, there were four instances of labelling difficulties due to 

formant tracking errors and four were also dropped due to errors in their realisations (e.g., the 

individual saying ‘too’ instead of ‘toy’); all four of these errors were derived from a single participant 

and were dropped from final analysis for this diphthong. A summary of diphthongs used for 

analysis is presented in Table 8.1.  

Table 8.1: Summary of diphthongs used for analysis.  

Group /aɪ/  /ɔɪ/ Total 

Healthy 35 32 67 

Depressed 33 28 61 

Total 68 60 128 

8.4.2. Annotation Process 

As previously described, the convention for transition labelling is that of Weismer and 

colleagues (1988), which utilises the ‘20 x 20’ rule—the point of transition within a diphthong is 

considered to be a change of 20 Hz over an interval of 20 milliseconds. This rule is meant to be 

applied separately to each formant and is utilised in studies such as Yunusova et al., (2012) where 

only one formant (i.e., F2) is under investigation as a clinical indicator of symptom severity. 

However, this experiment includes an exploration of depressive status on both formants, and as 

such, required the derivation of a single onset and offset time for the diphthong transition.  

An alternative measurement method first proposed by Tasko and Greilick (2009) was 

therefore chosen for use in this study. This technique allows for the difference between F1 and 

F2 to be plotted as a formant separation history. The diphthong transition onset was to be labelled 

as the initiation of a sustained 50 – 70 Hz over 20 ms increase in F2-F1 velocity, while the 

transition offset was defined as the point where rate of change drops below this threshold. A 
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customised Praat script29 was built to extract formant values at 20 ms intervals over the duration 

of the entire diphthong in order to extract F1-F2 separation values and calculate the point at which 

transitions initiated and ended. It is important to note that Tasko and Greilick, (2009) applied the 

20 x 20 rule within their original method, instead of a more feasible 50 – 70 Hz change; however, 

when assessing this value in the current speech samples, the majority of diphthong productions 

would have been labelled as entirely transitional segments, with no steady state portions. This is 

likely an artefact of utilising field recordings for analysis, rather than those recorded in controlled 

settings with minimal background noise, as was the case in the majority of previous studies.  

 

Figure 8.2: An example of the labelling technique utilised in this study. ‘DURon’ refers to the steady portion of the diphthong 
prior to transition, while ‘DURoff’ refers to the subsequent steady portion. ‘DURtrans’ is the identifiable transitional segment, 
with boundaries applied where the F2-F1 velocity difference reaches 50 – 70 Hz over the course of a 20 ms interval. The read 
arrows denote where F1/F2 measurements were extracted.  

 Using Praat and this more pragmatic labelling convention, diphthong realisations were 

labelled according to onset (“DURon”), transition (“DURtrans”) and offset (“DURoff”), and F1/F2 

                                                           
29 Full Praat script is available in Appendix C.  
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measurements were extracted at these points (see Figure 8.2). Articulatory range of F1 and F2 

was calculated as total change in the formant value from the start to end of the transition. Velocity 

was determined as this calculated range divided by the total duration of the transitional segment 

(Hz/ms). 

8.4.3. Extracted Variables for Analysis 

At the end of labelling, the following variables were extracted from each diphthong (/aɪ/ and 

/ɔɪ/), per speaker: 

 Duration of diphthong 

 Duration of transition30 

 % of diphthong spent in transition to assess degree of gestural overlap 

 F1 at onset of transition31  

 F1 at offset of transition 

 F2 at onset of transition 

 F2 at offset of transition 

 F1 range (in Hz) over transition32  

 F2 range (in Hz) over transition 

 F1 transition velocity (in Hz/ms)33  

 F2 transition velocity (in Hz/ms) 

8.4.4. Statistical Analyses  

Given the amount of parameters to be examined in this experiment, statistical analysis will be 

partitioned into two categories depending on the variable type. Those relating to diphthong 

structure (i.e., duration of both diphthong and transition, percentage of diphthong taken up by 

transition), as well as the static start and end points of the diphthong within the vowel space, will 

be assessed using a bootstrapped trimmed means difference estimation. 

The four remaining measures (i.e., transition ranges for both formants, as well as transition 

velocity measures) will be analysed to assess whether diagnostic group is a significant predictor 

of any of these parameters. This analysis will be performed using linear mixed effect models 

                                                           
30 Due to the non-normality and positive skew of this variable, a logarithmic transformation was applied.  
31 As with previous analyses (see Chapter 8), F1/F2 values and ranges will be normalized using the 
Lobanov (Lobanov, 1971) method.  
32 Calculated as absolute difference between the formant measurements at onset and offset of the 
transition.  
33 Calculated as total difference in transition (in Hz) divided by the duration of the transition (in ms). 
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(LMMs), as previously applied to investigations of monophthongs in depressed and non-

depressed speakers (see Chapter 7), using the lme4 package (Bates et al., 2015) in R (version 

3.5.2, R Core Team, 2019). Confidence intervals were calculated for all significant fixed effect 

predictors in every model. P-values were obtained using likelihood ratio tests, comparing the 

model with and without diagnostic group to check whether the variable significantly impacted 

goodness-of-fit. Where multilevel models are not appropriate (i.e., where the introduction of 

random slopes and intercepts did not significantly improve the fit to the data), ANOVA tests were 

undertaken with recording session included as an error term to account for repetitions of 

diphthong tokens per speaker.  

Given that gender-specific differences were also found within monophthong realisations (see 

Chapter 7), and previous studies have suggested that gender impacts the likelihood of 

‘undershooting’ targets in diphthongs (Weirich and Simpson, 2018), gender was added alongside 

group as a fixed effect in the LMMs for all range and velocity analyses.  

Temporal measures have also been closely linked with diphthong trajectories and articulatory 

speed, accounting for a moderate proportion of explained variance in diphthong parameters in 

other studies (e.g.,  Tjaden and Weismer, 1998; Yunusova et al., 2012); for this reason, duration 

of transition was also included as a fixed effect in analyses of formant range.   

8.5. Results - /aɪ/ Diphthong 

8.5.1. Diphthong Plots and Trajectories 

Groups of speakers exhibited clear visual differences in diphthong productions when 

mapping trajectories using the phonR (McCloy, 2016) package (see Figure 8.3 and Figure 8.4, 

below). Non-depressed participants initiated the /aɪ/ diphthong from a lower position within the 

F1-F2 space, although the lengths of the trajectories appear to be similar in Figure 49. When 

splitting by subtype (as seen in Figure 50, below), visual inspection suggests that speakers with 

PMR begin in a more centralised position, while PMA speakers begin their diphthongs in a similar 

location to the non-depressed group. Additionally, it appears that the healthy and PMR speakers 

both end in a similar location.  

The trajectory slopes also demonstrate some characteristic differences between 

diagnostic groups. The transitional articulatory movements of depressed speakers seem to follow 

a parallel direction of gestural movement between subtypes, and they both demonstrate shallower 

slopes than the healthy productions of /aɪ/.  
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Figure 8.3: A comparison of diphthong realisations within the vowel space for depressed and non-depressed speakers. 
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Figure 8.4: A comparison of diphthong realisations within the vowel space for non-depressed speakers and different subtypes 
of depressive speakers (i.e., those exhibiting psychomotor retardation [PMR] or those exhibiting psychomotor agitation 
[PMA]). 
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8.5.2. Effects of Depression on Diphthong Duration of /aɪ/ 

Although the test statistic estimating the bootstrapped and trimmed mean34 difference of 

diphthong duration between groups initially returned a significant result (W = 2.058, p = 0.05), 

inspection of the confidence intervals (95% CI = - 0.224, 77.177) crossed the boundary of zero, 

suggesting a non-significant effect. Non-depressed men produced the longest realisations of 

diphthongs (see Figure 8.5), but these differences were not statistically significant. Likewise, 

speakers with PMR produced shorter diphthong durations, but these were still within the 

confidence intervals of the other participant groups.  

 

 

Figure 8.5: A comparison of diphthong durations between healthy and depressed speakers (left), as well as distinguishing between 
those with psychomotor retardation (PMR) and psychomotor agitation (PMA) (right). 

  

 

 

 

 

 

 

                                                           
34 A threshold of 20% trimming method was applied using 2000 iterations. 
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An estimation of trimmed mean difference for the transitional segment once again 

suggests no significant difference between groups (W = 1.435, p = 0.14; 95% CI = -4.002, 25.705). 

Two graphs illustrating group differences are presented below in Figure 8.6.  

 

 
 

Figure 8.6: A comparison of diphthong transitional segment durations between healthy and depressed speakers (left), as 
well as distinguishing between those with psychomotor retardation (PMR) and psychomotor agitation (PMA) (right). 

No differences were also found for the percentage of diphthong taken up by the transitional 

segment (W = 0.123, p = 0.90; 95% CI = - 5.343, 6.064). Based on these measures, there is no 

evidence to suggest that differences exist in the duration of either the diphthong or transitional 

segment between the groups of speakers. 
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8.5.3. Effect of Depression on First Formant Measures in /aɪ/ 

After normalizing raw formant measures, onset and offset positions of the diphthong along 

the F1 axis were examined between groups. Using a bootstrapped estimation of trimmed mean 

differences (based on 20% trimming), results were calculated for all F1-related measurements 

(see Table 8.2).  

Table 8.2: Bootstrapped trimmed mean difference results between depressed and non-depressed speakers for F1 onset and offset 
locations within the vowel space. Only F1 onset locations significantly differ between groups. Significant results are denoted with 

an asterisk with one (*) representing significance at the p < .05 level and two (**) representing significance at the p < .001 level
35

.  

Variable Trimmed Mean 

Difference 

Test Statistic  p-value 95% CI 

F1 at Onset 0.787 3.072 0.004** 0.278, 1.297 

F1 at Offset  - 0.436 -1.56 0.138 -1.015, 0.143 

 

From visual inspection, major differences in diphthong location appear to diverge by 

Subtype. As such, differences between the subtype groups were also checked using ANOVA, 

with ‘Subject’ included as an error term to account for a repeated measures experimental design. 

Post-hoc Tukey’s estimate of mean comparisons were also calculated to check where differences 

existed between groups. Significant differences in F1 onset location are presented in Table 8.3 

and Table 8.4, below. Results suggest that statistically significant differences in F1 onset only 

occur between non-depressed and PMR speakers, with the PMA group occupying a middle 

ground between the two. Additionally, differences in F1 offset locations approach significance 

between the PMA group and non-depressed speakers. These findings corroborate visual 

differences evident when plotting the diphthong transition trajectories (e.g. see Figure 8.3 and 

Figure 8.4, p. 158).  

 

 

 

 

 

                                                           
35 This will be the convention for reporting p-values in all tables appearing later in the chapter.  
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Table 8.3: ANOVA results for F1 onset differences between subtypes. The only significant differences were found between healthy 
speakers and depressed individuals with PMR. 

Model DF Sum of Squares F value p-value 

F1 Onset ~ Subtype 2 17.8 4.134 0.037* 

Residuals 15 32.3   

     

Pairwise 

Comparison 

DF Estimate SE T Ratio p-value 

Healthy – PMA 15 0.174 0.464 0.376 0.925 

Healthy – PMR 15 1.180 0.418 2.823 0.032* 

PMA – PMR  15 1.006 0.517 1.946 0.160 

 

Table 8.4: ANOVA results for F1 offset differences between subtypes. No significant differences were returned, although results 
approached significance for offset differences between healthy and PMA speakers. 

Model DF Sum of Squares F value p-value 

F1 Offset ~ Subtype 2 8.509 2.802 0.093 

Residuals 15 22.773   

     

Pairwise 

Comparison 

DF Estimate SE T Ratio p-value 

Healthy – PMA 15 -0.909 0.390 -2.332 0.082 

Healthy – PMR 15 -0.123 0.315 -0.350 0.935 

PMA – PMR  15 0.786 0.434 1.810 0.200 

 

The relationship between F1 range and diagnosis showed significant variance in 

intercepts across speakers (SD = 0.619; 95% CI = 0.371, 1.033). Slopes did not significantly vary 

by group (χ2 (5) = 0.526, p = 0.76), and thus a random intercept only model was utilised in this 

variable analysis.  

An ANOVA comparing models with incrementally added variables to assess impact on 

goodness-of-fit is shown below (see Table 8.5).  
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Table 8.5: Results of Log likelihood ratio testing between models with incremental fixed variables added. Both duration of the 
transition and diagnostic group were significant predictors of F1 range. 

Variable 

Added 

DF AIC LogLik L. Ratio p-value  

Intercept 

Only 

3 212.551 -103.276   

Duration of 

Transition 

4 210.235 -101.117 4.316 0.034* 

Gender 5 210.741 -100.371 1.494 0.222 

Group 6 204.218 -96.109 8.523 0.004** 

 

Both duration of transition and group were significant predictors of F1 range over the 

course of the transition segment. Gender was consequently dropped from the final model. A 

backwards stepwise analysis confirms the following as the best-fit model for the dataset: 

F1 Range (Normalized) ~ Group + Duration of Transition + (1|Subject)  

A summary of fixed and random effects is presented in Table 8.6. Results for the group should 

be interpreted as changes in transition from healthy speaker baseline. 

Table 8.6: Summary of fixed and random effects for model of best fit for F1 range. Significant results are denoted with an asterisk. 

Variable  Std Dev Residual   

Random Effect: 

Subject 

0.618 0.881   

 b 95% CI SE b T value 

Fixed Effect: 

Intercept 

-2.647 - 6.467, 1.173 1.944 -1.361 

Fixed Effect: 

Duration of 

Transition 

0.686 -0.120, 1.493 0.411 1.671* 

Fixed Effect: 

Group  

-1.128 -1.904, -0.351 0.375 -3.009* 

Final Model AIC Log Lik  

 204.630 -97.315 
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As the duration of the transitional segment increases, so too does the overall range of F1 

(see Figure 8.7, below). However, although this variable significantly improved the goodness-of-

fit over the baseline random intercept model, inspection of the confidence intervals suggest that 

this fixed variable does not exhibit a true effect on F1 range (i.e., the confidence intervals include 

zero). Depressed individuals exhibited a much lower rate of F1 range even at equal transitional 

segment durations. Having a diagnosis of depression significantly predicted F1 range, (b = -1.128, 

t(18.73) = -3.009, p = 0.006), with this group of speakers producing significantly reduced 

articulatory ranges as compared to their non-depressed counterparts.  

 

Figure 8.7: A visualisation of F1 range changes as a product of transitional duration and group status. 
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This trend for reduced articulatory range was also demonstrated across subtypes within the 

depressed group (see Figure 8.8, below), although those with PMR were the most disparate from 

the non-depressed speaker group.  

 

Figure 8.8: A visualisation of change in F1 range over the course of the transition, separated by speaker subtype. 

The effect of depression on velocity of articulatory movements (as measured in Hz/ms) 

was also analysed. A multilevel model was once again used, and a comparison of models 

incorporating random intercepts and slopes was completed. Results were similar to those 

previously gathered, namely that velocity exhibited significant variance between speakers (SD = 

2.495; 95% CI = 1.387, 4.485), but the inclusion of random slopes did not improve goodness-of-

fit (χ2= 0.692, p = 0.707).  

Given that the transitional duration was included as part of the equation to calculate 

velocity (i.e., F1/F2 range divided by the duration of the transition in ms), it was not included as a 

fixed effect to avoid multicollinearity. In this instance, both gender and diagnostic group 

significantly improved goodness of fit to the data, with results presented in Table 8.7 below.   
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Table 8.7: Results of log likelihood ratio testing between models with incremental fixed variables added. Both gender and group 
were significant predictors of F1 velocity. 

Variable 

Added 

DF AIC LogLik L. Ratio p-

value  

Intercept 

Only 

3 272.124 -133.062   

Gender 4 267.713 -129.856 6.411 0.01** 

Group 5 263.877 -126.938 5.834 0.02* 

 

A backwards stepwise function returned the following as the best model in terms of goodness-

of-fit for the F1 velocity measure: 

F1 Rate of Transition (Hz/ms) ~ Group + Gender + (1|Subject)  

A table summarizing the model is presented in Table 8.8.  

Table 8.8: Summary of fixed and random effects for model of best fit for F1 velocity. 

Variable  Std Dev Residual   

Random Effect: 

Subject 

1.042 1.304   

 b 95% CI SE b T value 

Fixed Effect: 

Intercept 

3.003 2.018, 3.989 0.491 6.123 

Fixed Effect: 

Gender  

-1.974 -3.245, -0.703 0.596 -3.312 

Fixed Effect: 

Group 

-1.520 -0.261, -2.779 0.591 -2.573 

Final Model AIC Log Lik  

 263.877 -126.938 
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There was a trend for males to produce transitional segments that were 1.974 Hz/ms 

slower than their female counterparts, while depressed speakers produced segments that were 

1.520 Hz/ms slower than non-depressed speakers. A summary of these effects is presented in 

Figure 8.9.  

 

Figure 8.9: A comparison of velocity measures between healthy and depressed speakers, separated by gender. 
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In this case, specific subtype of depression may be an explanatory factor as well, although 

including Subtype as a fixed factor did not significantly improve the fit of the model over that which 

included a general depressive Group variable instead (χ2(6) = 0.073,  p = 0.787). Speakers with 

PMR appear to exhibit the slowest velocities of articulator movement (see Figure 8.10). The PMA 

group, on the other hand, demonstrate wide confidence intervals that encompass both the healthy 

and PMR groups of speakers.  

 

Figure 8.10: A visualisation of F1 velocity, separated by speaker subtype. 
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8.5.4. Effects of Depression on Second Format in /aɪ/ 

Once again, a normalization procedure (Lobanov, 1971) was applied to the onset and 

offset positions of the diphthong along the second formant axis. Using a bootstrapped estimation 

of trimmed mean differences (based on 20% trimming), results were calculated for F2-related 

variables (see Table 8.9).  

Table 8.9: Bootstrapped trimmed mean difference results between depressed and non-depressed speakers for F2 onset and offset 
locations within the vowel space. Neither differed significantly between groups, although F2 onset approached significance. 

Variable Trimmed Mean 

Difference 

Test Statistic  p-value 95% CI 

F2 at Onset 0.522 1.539 0.121 -0.144, 1.188 

F2 at Offset  -0.041 -0.149 0.880 -0.600, 0.516 

 

The relationship between F2 range and diagnosis showed significant variance in 

intercepts across speakers (SD = 0.609; 95% CI = 0.400, 0.927). Slopes did not significantly vary 

by group (χ2 (5) = 0.005, p = 0.99).  

As in the analysis of F1 measures, gender and duration of the transition were included as 

fixed effects in model construction, along with diagnostic group. An ANOVA was utilised to 

compare models with each variable added incrementally, with results presented below in Table 

8.10.  

Table 8.10: Results of log likelihood ratio testing between models with incremental fixed variables added. Only duration of the 
transition was a significant predictor of F2 range. 

Variable Added DF AIC LogLik L. Ratio p-value  

Intercept Only 3 177.261 -85.631   

Duration of 

Transition 

4 165.133 -78.566 14.128 < .001** 

Gender 5 167.102 -78.551 0.031 0.860 

Group 6 166.885 -77.442 2.217 0.137 
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Only transitional duration was a significant predictor of F2 range over the course of the 

transitional segment, with a backwards stepwise analysis confirming the following as the final 

model forecasting F2: 

F2 Transition (Normalized) ~ Duration of Transition + (1|Subject) 

A summary of the random and fixed effects in this model as presented in Table 8.11, and a 

graph of changes in F2 over time is presented in Figure 8.11. Within this dataset, duration of the 

transitional segment exerts a small but significant effect on the overall change in F2 (Kendall’s 

tau correlation coefficient36 (τ) = -0.24, p = < .001).  

Table 8.11: Summary of fixed and random effects for model of best fit for F2 range. 

Variable  Std Dev Residual   

Random Effect: 

Subject 

0.609 0.629   

 b 95% CI SE b T value 

Fixed Effect: 

Intercept 

5.451 2.724, 8.177 1.377 3.957 

Fixed Effect: 

Duration of 

Transition 

-1.178 -1.762, -0.592 0.295 -3.986 

Final Model AIC Log Lik  

 165.133 -78.566 

 

                                                           
36 Chosen due to small sample size.  

https://en.wikipedia.org/wiki/%CE%A4
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Figure 8.11: A visualisation of change in F2 range over the course of the transition, with correlation coefficient presented in top 
right corner. 

Velocity of articulatory movements along the second formant axis was evaluated between 

diagnostic groups. This varied significantly by speaker (SD = 1.445; 95% CI= 0.878, 2.380), 

necessitating the inclusion of random intercepts, but not random slopes (χ2(5) = 0.026, p = 0.987), 

within the model.  

Neither gender nor group significantly improved the fit of the model to the dataset. Gender 

did not significantly improve the fit (χ2(4) = 1.154, p = 0.282) over the random intercept model, 

and as such was dropped as a fixed variable from the final regression equation. Group 

approached significance as a predictive fixed effect on F2 velocity (b = 1.549, SE = 0.855, p = 

0.089), but confidence intervals included zero (95% CI = -0.237, 3.337) and as such, it is not 

considered to have a true effect on this measure.  
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Figure 8.12: A visualisation of change in F2 velocity over the course of the transition, separated by speaker subtype. 

Although not statistically significant, there does appear to be a trend for depressed speakers 

to have slightly higher F2 velocities than non-depressed speakers, which is interesting 

considering the lack of difference between groups in terms of durational measures (see Figure 

8.12).  

8.6. /ɔɪ/ Diphthong Results 

8.6.1. Diphthong Plots and Trajectories of /ɔɪ/ 

As with the /aɪ/ diphthong, clear differences in slopes of vowel production were evident 

between groups (see Figure 8.13, below). Depressed speakers appear to follow a similar 

trajectory of diphthong production, albeit with a shallower slope. Of the two subtypes, this 

difference is most apparent in speakers with PMA, rather than those with PMR. Healthy and PMR 

speakers also ended in a somewhat similar location in comparison to those with PMA, which 

appears to ‘overshoot’ the mark in a final position that is further forward in the vowel space area.  
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Figure 8.13: A visualisation of diphthong realisation differences between depressed and non-depressed speakers (top) and 
separated by subtype (bottom). 
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8.6.2. Effect of Depression on Durational Measures in /ɔɪ/ 

Total duration of diphthongs, as well as transitional segment durations were compared 

between groups (see Figure 8.14 and Figure 8.15). As with the previous part of this experiment, 

a bootstrapped estimation of trimmed mean differences was calculated. Results suggest that no 

differences exist between groups in terms of the total duration of the diphthong (W = -1.069, p = 

0.251; 95% CI = -31.828, 8.759), or the transitional segment (W = 0.168, p = 0.855; 95% CI =        

-0.143, 0.171). The groups also did not vary significantly in terms of the proportion of the transition 

taken up by the transitional segment (W = 1.062, p = 0.281; 95% CI = - 3.535, 11.382). In fact, 

visual inspection of bar plots suggests that the transitional segment of diphthong productions was 

virtually identical between groups (see Figure 8.15).  

  

 

Figure 8.14: A comparison of total diphthong durations between healthy and depressed speakers (left), as well as distinguishing 
between those with psychomotor retardation and psychomotor agitation (right). 

 
 

 

Figure 8.15: A comparison of diphthong transitional segment durations between healthy and depressed speakers (left), as well as 
distinguishing between those with psychomotor retardation and psychomotor agitation  (right). 
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8.6.3. Effect of Depression on First Formant Measures in /ɔɪ/ 

 Firstly, location differences of F1 onset and offset were compared between groups. 

Location of F1 at onset of the diphthong was significantly different between depressed and non-

depressed speakers, while differences in F1 at offset approached significance (see Table 8.12). 

On average, depressed speakers initiated their diphthong realisation at position that was 0.857 

standardized units higher within the F1-F2 space than their healthy counterparts, and ended in a 

position that was 0.480 standardized units higher. Notably, the difference in onset location was 

similar in direction and magnitude to the variation between groups demonstrated in the /aɪ/ 

diphthong analysis.  

Table 8.12: Bootstrapped mean difference results between depressed and non-depressed speakers for F1 onset and offset 
locations within the vowel space. Only F1 onset locations differed significantly between groups, although F1 at offset approaches 
significance. 

Variable Trimmed Mean 

Difference 

Test Statistic  p-value 95% CI 

F1 at Onset -0.857 -2.927 0.005** -1.424, - 0.290 

F1 at Offset  - 0.480 -1.681 0.090 -1.043, 0.083 

 

Visual inspection of diphthong trajectories once again suggested differences by 

depressive subtype. As such, a second ANOVA test was undertaken to assess group variations 

in F1 onset and offset locations, including ‘subject’ as an error term and using post-hoc Tukey’s 

estimate of mean comparisons (see Table 8.13 and Table 8.14, below). The only significant 

difference obtained from the F1 onset analysis was between the healthy speakers and those with 

PMA, as PMR occupied a middle ground between the two in onset locations. No significant 

differences were found for the location of F1 at offset, suggesting that speakers across groups 

ended their /ɔɪ/ diphthong in a similar place along the first formant axis of the vowel space.  
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Table 8.13: ANOVA results for F1 onset differences between subtypes. Speakers in the healthy and PMA groups initiated their 
diphthongs from significantly different locations along F1 axis. 

Model DF Sum of Squares F value p-value 

F1 Onset ~ Subtype 2 14.06 4.382 0.033* 

Residuals 14 22.46   

     

Pairwise 

Comparison 

DF Estimate SE T Ratio p-value 

Healthy – PMA 14 1.336 0.459 2.911 0.029* 

Healthy – PMR 14 0.510 0.373 1.366 0.384 

PMA – PMR  14 -0.826 0.500 -1.654 0.257 

 

Table 8.14: ANOVA results for F1 offset between subtypes. No significant differences emerged. 

Model DF Sum of Squares F value p-value 

F1 Offset ~ Subtype 2 4.913 2.074 0.163 

Residuals 14 16.583   

     

Pairwise 

Comparison 

DF Estimate SE T Ratio p-value 

Healthy – PMA 14 0.803 0.394 2.037 0.140 

Healthy – PMR 14 0.193 0.321 0.601 0.822 

PMA – PMR  14 -0.610 0.429 -1.422 0.357 

 

With regards to range of F1 over the course of /ɔɪ/ realisation, results suggest that the 

relationship between this variable and diagnosis demonstrate no variance in intercepts across 

speakers (χ2 (3) = 0.000, p = 0.999), nor did slopes significantly vary by group (χ2 (5) = 0.000, p 

= 1.00). This suggests that a multilevel model is not required, and a standard ANOVA can be 

utilised with the ‘session’ being included as an error term to control for a repeated measures 

experimental design37.   

                                                           
37 Linear mixed effect models are well equipped at dealing with repeated measures of variables; however, 

this design would violate the assumptions of independence in a standard linear model analysis, and so an 
ANOVA was used with the inclusion of session as an error term. This effectively controls for repetitions of 
cases within the dataset.  
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 As with the previous diphthong analysis, gender was included as an independent predictor 

of F1 range, as was duration of the transition. Neither of these were found to exhibit a significant 

effect on the F1 range during the transitional segment (see Table 8.15, and Figure 8.16 below). 

However, diagnostic group and the duration of the transition both approached statistical 

significance as predictors of F1 range, and as such, may be potentially useful in future 

investigations.   

Table 8.15: Results of a repeated measures ANOVA test for F1 transition range. No variables significantly predicted range of F1. 

Model: F1 Transition Range ~ Group + Gender + Duration of Transition + Error 

(Session) 

Error: Session DF Sum of Squares 

Group 1 1.785 

Gender 1 1.542 

Duration of Transition 1 2.074 

 

Error: Within DF Sum 

Squares 

F 

Value 

p-value 

Group 1 2.54 2.390 0.128 

Gender 1 0.55 0.518 0.475 

Duration of Transition 1 2.78 2.613 0.112 

Residuals 53 56.30   
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Figure 8.16: A visualisation of change in F1 over the course of the transition, by speaker group. 

Likewise a multilevel model was not necessary when analysing F1 velocity, as variance 

did not differ significantly by speaker (χ2 (3) = 0.473, p = 0.492). Again, an ANOVA was applied 

with ‘session’ as an error term. Group was a significant predictor of velocity (F [1] = 6.06, p = 

0.017), with depressed speakers producing significantly slower diphthongs along the first formant 

axis, with average speed that was 0.596 Hz/ms slower than their healthy counterparts (see Table 

8.16 and Figure 8.17 below).  

Table 8.16: Results from a repeated measures ANOVA for F1 velocity. Group was a significant predictor of this variable. 

Model: F1 Velocity ~ Group + Gender + Error (Session) 

Error: Session DF Sum of Squares 

Group 1 1.226 

Gender 1 2.543 

Residuals 1 0.175 

 

Error: Within DF Sum 

Squares 

F 

Value 

p-value 

Group 1 5.25 6.056 0.017* 

Gender 1 0.06 0.071 0.791 

Residuals 54 46.86   
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Figure 8.17: A visualisation of F1 velocity differences by gender and group. Only group was found to significantly predict this 
variable. 
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Despite no differences being apparent in the amount of change in F1 over the course of the 

transition, depressed speakers still engaged in slower articulatory speeds; this trend was apparent 

to a similar degree across both genders (see Figure 8.17 above). 

F1 velocity also appears to be the most substantially different between healthy speakers and 

those with PMA (see Figure 8.18), with the latter exhibiting slower velocity speeds out of the 

participant groups.  

 

Figure 8.18: A visualisation of F1 velocity differences separated by speaker subtype. 
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8.6.4. Effects of Depression on Second Formant Measures in /ɔɪ/ 

Locations of diphthong onset and offset along the second formant axis were not 

significantly different between groups (respectively, W = -0.217, p = 0.826 and W = 0.859, p = 

0.376). From visual inspection of the diphthong plots (see Figure 8.13, p. 173), the largest 

differences appeared at the offset. An ANOVA with Tukey’s posthoc suggests that depressive 

subtype approaches significance as a predictive factor of this variable (see Table 8.17). The 

largest differences were exhibited between the two subtypes of depression.  

Table 8.17: ANOVA results for F1 offset differences between subtypes. No significant differences were returned, although results 
approached significance for offset differences between healthy and PMA speakers. 

Model DF Sum of Squares F value p-value 

F2 Offset ~ 

Subtype 

2 12.32 2.857 0.091 

Residuals 14 30.20   

     

Pairwise 

Comparison 

DF Estimate SE T Ratio p-value 

Healthy – PMA 14 -0.951 0.532 -1.787 0.201 

Healthy – PMR 14 0.430 0.433 0.994 0.592 

PMA – PMR  14 1.381 0.579 2.385 0.076 

 

The overall change in F2 varied significantly between speakers (SD = 0.625; 95% CI = 

0.373, 1.031), but adding in random slopes did not significantly improve the overall fit of the model 

over the baseline intercept only model (χ2 (5) = 2.49, p = 0.288). Neither group (χ2 (4) = 0.102, p 

= 0.750), nor gender (χ2 (4) = 0.05, p = 0.816) returned statistically significant results for improving 

the fit of the model. However, the duration of the transition significantly affected the final amount 

of F2 range (χ2 (3) = 23.318, p < .001). Kendall’s tau correlation coefficient38 testing returned a 

moderately strong relationship between the two variables (τ = -0.53, p = < .001), with the negative 

correlation denoting that as the duration of the transition increases, range of motion along the 

second formant axis decreases. Results are presented in Figure 8.19, below.  

                                                           
38 Chosen due to small sample size.  

https://en.wikipedia.org/wiki/%CE%A4
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Figure 8.19: A visualisation of change in F2 range over the course of the transition. 

Velocity of articulatory movement along the F2 axis also varied significantly by speaker 

(SD = 2.496; 95% CI = 1.388, 4.487). Fixed effects were added incrementally to assess 

contribution to overall fit of model, with variables presented below in Table 8.18 and Table 8.19 

below. Neither group nor subtype significantly predicted F2 velocity; however, this did vary 

significantly by gender as males produced diphthongs that were 3.49 Hz/ms slower than female 

speakers in the sample (T (15) = -2.204, p = 0.04; see Figure 8.20 and Figure 8.21, below). A 

stepwise backwards analysis confirmed the following model as best for explaining variance in F2 

velocity: 

F2 Velocity ~ Gender + (1|Subject) 

Table 8.18: Results of log likelihood ratio testing between models with incremental fixed variables added. Only duration of the 
transition was found to be a significant predictor of F2 velocity. 

Variable Added DF AIC LogLik L. Ratio p-value  

Intercept Only 3 354.215 -174.108   

Gender 4 351.837 -171.919 4.378 0.036* 

Group 5 353.816 -171.908 0.021 0.884 

Subtype 5 353.472 -171.736 0.365 0.547 
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Table 8.19: Summary of fixed and random effects for model of best fit for F2 velocity. 

Variable  Std Dev Residual   

Random Effect: 

Subject 

2.496 3.715   

 b 95% CI SE b T value 

Fixed Effect: 

Intercept 

15.276 13.141, 17.413 1.077 14.180 

Fixed Effect: 

Gender 

-3.492 -6.813, -0.171 1.584 -2.203 

Final Model AIC Log Lik  

 351.837 -171.919 

 

 

 

Figure 8.20: A visualisation of differences in F2 velocity between genders and groups. No significant differences were found in any 
of the groups for this variable. 
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Figure 8.21: A visualisation of differences in F2 velocity by subtype. No significant differences were found for this variable. 

 

8.7. Intra-class Coefficient Testing 

Given that new parameters for formant extraction from diphthong onset and offset points were 

applied in this study (as compared to Tasko and Greilick, 2010), a re-analysis was undertaken at 

three months post initial labelling to check for intra-rater reliability of measurements. A subset of 

20% of the diphthongs from the /aɪ/ dataset were used (see Table 8.20 below). Intra-class 

coefficients were calculated using a two-way mixed effects model, with a single rater chosen as 

the unit of analysis in the psych package (Revelle, 2019) in R. Since F1 and F2 measurements 

were extracted from the same label, only a single formant measure was necessary to check that 

timepoints were placed at similar positions. Cases were selected using a random number 

generator and both onset and offset points were checked per case selected. ICC outputs were 

checked using conventions from Koo and Li (2016).  
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Table 8.20: Randomly generated cases for re-analysis. Differences between F1 measurements at onset and offset are presented 
at the first (T1) and second (T2) points of labelling. 

Subject Session Group F1 

Onset at T1 

F1 

Onset at 

T2 

F1 

Offset at T1 

F1 

Offset at 

T2 

5 3 Depressed 885.00 835.05 523.00 528.07 

19 4 Depressed 401.12 381.57 436.981 403.88 

7 1 Depressed 829.019 818.3 485.49 496.33 

19 3 Depressed 469.92 470.06 404.06 381.52 

23 1 Healthy 771.03 766.56 455.27 513.74 

18 4 Depressed 525.98 427.55 329.98 331.65 

4 1 Healthy 508.77 617.18 297.03 297.47 

1 2 Healthy 650.89 650.91 431.61 400.48 

4 3 Healthy 656.60 659.05 340.2 329.52 

11 3 Healthy 929.02 903.98 395.30 406.24 

26 1 Healthy 872.90 882.95 416.24 418.46 

20 3 Depressed 798.84 807.40 556.15 504.84 

9 2 Healthy 861.54 868.82 436.71 418.56 

12 3 Healthy 816.68 818.62 406.56 401.49 

 

Results demonstrated an excellent absolute agreement for both onset (kappa = 0.97; p < .001; 

95% CI = 0.91, 0.99) and offset (kappa = 0.93, p < .001, 95% CI = 0.81, 0.98) location labelling 

for a single rater over a time delay of three months. Results suggest that the labelling of onset 

locations is slightly less consistent than offset location labelling, as the difference between onset 

measurements averaged to be 24.79 Hz (SD = 35.86) while offset measurement mean difference 

was slightly lower at 18.69 Hz (SD = 18.55). Overall, these variations would also be minimal after 

normalisation of values for between-group comparisons.  
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8.8. Discussion 

Overall findings seem to suggest that differences do exist between the realisations of 

diphthongs in depressed and non-depressed speakers, with diagnosis exerting a significant effect 

on several of the outcome measures.  

8.8.1. Effect of Depression on Durational Measurements  

Speakers with and without depression did not exhibit any differences with regards to 

realised duration of the diphthong, duration of the transitional segment nor the proportion of the 

diphthong taken up by the transition (expressed as a percentage). This contrasts with previous 

findings of phoneme durational differences in speakers with depression (Trevino et al., 2011), 

where depressed individuals and especially those with psychomotor retardation demonstrated the 

strongest correlations between symptom scores and specific classes of sounds. Certain 

diphthongs in Trevino et al.’s (2011) study (e.g.,  /ay/ and /ey/39) were also positively correlated 

with PMR scores on the Hamilton Depression Rating Scale; that is, as symptoms on this sub-

scale worsened, these specific diphthongs tended to lengthen as well. Within this experimental 

sample of speakers and two specific diphthongs (i.e., /aɪ/ and /ɔɪ/) there were no significant 

differences in terms of durational length. There was even a tendency for speakers with higher 

scores of PMR to produce shorter diphthongs compared to those with PMA and healthy speakers, 

although this difference was non-significant.  

8.8.2. Effect of Depression on Diphthong Onset and Offset Locations  

It was hypothesised that speakers with and without depression initiate their diphthongs at 

different locations within the vowel space due to formant centralisation—specifically affecting back 

vowels. Given that the initial portions of both diphthongs under study here (i.e., /a/ and /ɔ/) are 

produced at the back of the oral cavity and were found to be both more centralised in depressed 

speakers, it was anticipated that this group would initiate their realisations from a much higher 

location, thus shortening the overall trajectory length from beginning to end. This was partially 

true; significant differences did emerge for the location of the transition onset along the first 

formant axis between groups. Interestingly, psychomotor differences emerged in these results. 

Post hoc pairwise comparisons suggest that PMR speakers demonstrated the largest differences 

(and thus the most centralised point of initiation) from the healthy group for the diphthong /aɪ/, 

                                                           
39 These were the specific labels used by Trevino et al., (2011) to describe their diphthongs. Exact phonetic 
transcription labels were not applied.  
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while those with PMA did so for the /ɔɪ/ diphthong. No significant differences emerged for variation 

of offset location along the F1 axis.  

Second formant measurements at onset and offset were fairly similar between groups; 

only one comparison returned results approaching significance, potentially highlighting an 

instance of articulatory overshoot. After the /ɔɪ/ diphthong transition, speakers with PMA ended 

much farther forward in the vowel space than those with PMR or non-depressed speakers. This 

may point to different underlying motor behaviours between the two subtypes of depressed 

speakers, with individuals with PMA engaging in articulatory overshoot as a result of motor 

incoordination, while those with PMR demonstrating more muscular tension and motor slowing, 

resulting in a much more centralised offset location as they fail to meet their articulatory target by 

‘undershooting’.  

8.8.3. Effects of Depression on Overall Diphthong Range Measurements  

The fact that F1 was more affected in /aɪ/ within the depressed speaker group may be a 

result of the longer gestures necessary for this phoneme as compared to those required for /ɔɪ/, 

which starts at a more centralised position in the vowel space. Variation in onset and offset 

locations may therefore be less pronounced in /ɔɪ/, where less overall change in F1 is required. 

Previous studies have also found that F1 is less associated with tongue and lip articulatory 

movements in /ɔɪ/ as compared to /aɪ/ (Morris McKell, 2016), possibly explaining why 

experimental differences here were more pronounced for /aɪ/ in depressed speakers. Given that 

this F1 axis was more affected in an assessment of monophthong productions, it is a reasonable 

suggestion that diphthongs with larger gestures over F1 would be evidently different between 

depressed and non-depressed participants. A summary of significant findings for locations of 

onset and offset is presented in Table 8.21 below.  
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Table 8.21: Summary of significant findings for diphthong onset and offset locations within the vowel space. 

Summary of Significant Findings  

Variable /aɪ/   /ɔɪ/ Possible Causal 

Mechanism 

F1 Transitional 

Onset Location 

PMR speakers ↑  

(more centralised) 

PMA speakers ↑ 

(more centralised) 

Facial tension causing lack of 

jaw lowering, resulting in 

higher F1 measurements 

F1 Transitional 

Offset Location 

Approaching 

significance for PMA 

speakers ↓ (most 

different from healthy 

group) 

None  

F2 Transitional 

Onset Location 

None None N/A 

F2 Transitional 

Offset Location  

None Approaching significance for 

PMA speakers ↑ (most different 

from PMR group) 

Articulatory overshoot of final 

segment target due to motor 

incoordination and/or 

perseveration of articulatory 

gestures in PMA. 

Psychomotor slowing in PMR 

group may lead to more 

centralised offset location.  

 

Overall range along the first formant axis was impacted by diagnostic status, especially in 

the realisation of /aɪ/ (see Table 8.22 below). Speakers across both psychomotor subtypes of 

depression produced less overall change in F1 over the course of the diphthong transition as 

compared to healthy speakers. The same was not found in /ɔɪ/ productions. Once again, the 

different initial targets may play an important role here, as less movement is required to complete 

an articulatory gesture between /ɔ/ and /ɪ/. As previously mentioned, this latter gesture is also 

less associated with clear changes in formant measurements, and it is common to observe more 

instances of idiosyncratic productions both between and within speakers (Dromey et al., 2003; 

Morris McKell, 2016). Morris McKell (2016) explains that /ɔɪ/ may be a particularly complex 

diphthong to examine due to the tongue and lips exhibiting oppositional acoustic influences. As 

the tongue moves from low to high during the transitional segment, this has the effect of lowering 
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F1. However, the lips are also transition from a more round, protrusive gesture at the /ɔ/ segment 

to a more neutral position on the final segment, resulting in a decrease of the vocal tract length 

and demonstrable increase across all frequencies. Morris McKell (2016) specifically uses the term 

‘tug-of-war' to describe these articulatory movements observed during productions of this 

diphthong, alluding to the complexities of using F1 as a proxy measurement for specific 

articulatory movement. In reality, formant measures are only ever approximations of what is 

actually occurring outside of observable behaviours. The extra gestural movement required for 

/aɪ/, as well as less complex relationship between articulator movement and formant 

measurement, may therefore result in this diphthong becoming a better candidate for investigation 

in the assessment of facial tension and psychomotor slowing, which are both evident in depressed 

speakers.  

The amount of change along the second formant axis was not affected by group status. 

Importantly, only duration of the transition influenced the final amount of variation in F2, with lower 

amounts of F2 range linked to longer transitional segments. Given that F2 was identified as the 

most salient clinical marker in an examination of dysarthric speakers (Yunusova et al., 2012), in 

addition to being linked with intelligibility, these findings were unexpected. Two points of 

consideration may explain this; firstly, as intelligibility is not widely considerably to be impacted in 

depressed speakers, the application of F2 range as a meaningful marker of symptom severity 

may not be translatable between these two clinical groups. Secondly, the sample of depressed 

individuals in this study did not display severe depressive symptoms, with average scores placing 

both psychomotor retarded and agitated groups within the mild to moderate categories on the 

Hamilton Depression Rating Scale (Hamilton, 1960). Thus, these speakers may not present with 

extreme changes in their second formant slopes as those speakers who experience more severe 

symptomatology.  
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Table 8.22: Summary of significant findings for range of F1 and F2 over the course of transitions. 

Summary of Significant Findings 

Variable /aɪ/   /ɔɪ/ Possible Causal 

Mechanism 

Change in F1 over 

Transition 

Group and Duration both 

significant effects 

PMR/PMA speakers ↓ 

None Psychomotor slowing 

and facial tension may 

lead to less movement 

along F1.  

/ɔɪ/ presents with more 

complex relationship 

between tongue 

movement and lip 

protrusion, possibly 

negating significant 

groupwise differences 

Change in F2 over 

Transition 

Duration only  Duration only  Longer time to make 

further excursions along 

second formant axis 

 

8.8.4. Effects of Depression on Diphthong Velocity Measurements 

Results from the velocity measurement analyses suggest that once again, F1 is 

asymmetrically affected in cases of depressed speech (see Table 8.23 below). For both 

diphthongs, depressed individuals displayed lower velocities along the first formant axis than their 

healthy counterparts. Again, this could be an artefact of overall motor coordination deficits across 

both psychomotor subtypes, as previous studies often cite that depressed research participants 

have difficulties initiating gross and fine motor movements (cf. Bennabi et al., 2013).  

Gender also played a role in articulatory velocity. Males produced slower velocity 

measurements along F1 for /aɪ/, as well as along F2 for /ɔɪ/. Gender specific differences for both 

formants across the two diphthong types may suggest variation in jaw opening speed and tongue 

movements within the oral cavity, echoing findings from previous research (Weirich et al., 2016; 

Weirich and Simpson, 2018); these studies suggest that men engage in more instances of 

‘undershoot’ in diphthongs. Even though males and females were found to have similar jaw 
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opening settings, differences emerged in pharyngeal constriction between genders, where men 

were more likely to engage in complete radico-pharyngeal closures (Weirich et al., 2016). Women 

were also more likely to use nearly all of their articulatory space, whereas men only used part of 

this potential space (Weirich et al., 2016). It is likely that women, having typically smaller jaws and 

vowel spaces than men, do not need to engage in as fast articulatory movements over the course 

of the transition (i.e., due to smaller gestural requirements). The effect of gender on F1 in /aɪ/ and 

F2 in /ɔɪ/  may be an artefact of transitional requirements specific to each diphthong; these speech 

sounds differ in the amount of change required along specific formants, and males were slower 

than females along those formants necessitating the greatest transitional requirements.  

Table 8.23: Summary of significant findings for velocity of articulation along the first and second formant axes. 

Summary of significant findings  

Variable /aɪ/   /ɔɪ/ Possible Causal 

Mechanism 

Velocity along F1 axis 

(Hz/ms) 

Group and gender both 

significant predictors of 

velocity 

↓ Males  

↓ Depressed speakers 

Group a significant 

predictor 

↓ Depressed speakers 

Slowed articulatory 

speed as a result of 

overall motor 

coordination deficits  

 

Smaller articulatory 

space for women to 

navigate. Raw Hz 

values for women also 

higher than men, 

impacting net Hz/ms 

measurement.  

Velocity along F2 axis 

(Hz/ms) 

None  Gender only  

↓ Males  
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8.8.5. Implications for Motor Control Theories in Depression  

Results call into question the applicability of the aforementioned gestural overlap theory 

(Tjaden and Weismer, 1998) in clinical depression, wherein speakers hypothetically engage in 

overlapping of articulatory motor movements as a way of controlling duration and eventual 

realisation within the vowel space. It appears that depressed speakers do not engage in more 

articulatory overlap of phases, as this would have resulted in differences of transitional range of 

movement across both formants. Instead, durational measures suggest depressed and healthy 

speakers likely partake in similar phasing of gestural segments (onset, transition, offset); what 

appears to differ is the location of these articulatory gestures within the vowel space, with salient 

differences emerging in the onset of diphthong production. Observed variation in onset but not 

offset locations in speakers suggests that those with depression are able to compensate for 

centralisation of formants in the initial phase, and end in a similar target space as healthy 

speakers. If gestural overlap is not occurring, what can explain the observable differences 

between speaker groups along the first formant axis? 

Theories linking neurobiology and motor control may explain some of the variation seen in 

these diphthong realisations. Evidence from investigations of speech in PD suggests that motor 

deficits occur as a consequence of neuroanatomical changes within the basal ganglia, and these 

changes occur across two broad categories. These are summed up neatly by Liberman, (2016):  

 “The basal ganglia circuitry promotes automatic execution of routine movement by 

facilitating the desired cortically driven movements and suppressing unwanted muscular 

activity  

 They respond to unusual circumstances to reorder the cortical movement of control 

[Marsden and Obeso, 1994; pg. 899]” 

Basal ganglia circuitry changes, often linked to dopaminergic deficiencies and therefore 

observed in individuals with depression (e.g.,  Bowden et al., 1997; Laasonen-Balk et al., 1999; 

see Chapter 3), can compound functional cognitive deficits. When combined, these variations can 

cause complications for motor flexibility. Depressed individuals may therefore exhibit difficulty in 

situations necessitating a change in the direction of thought or movement (cf. Marsden and 

Obeso, 1994). Trends gleaned from the /ɔɪ/ analysis offer some preliminary evidence that 

depressed speakers, especially those with PMA, may have difficulty in altering routine movement 

paths set within the vowel space area, alongside a tendency to ‘overshoot’ the final target. 
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As previously cited in section 7.7.4 (p. 145),  Lindblom's (1990) work on HandH Theory 

suggests that speakers fluctuate along a continuum from hyperspeech to hypospeech, defaulting 

to a low-cost mode of motor commands where possible to reserve cognitive resources; this is a 

likely scenario in depression where cognitive resources may be negatively impacted by the 

condition. Reductions in both range (in /aɪ/) and velocity (both diphthongs) along F1 for depressed 

speakers provide further evidence for this theory. Both a lack of cognitive flexibility and decreased 

motor control may combine to affect a depressed individual’s ability to dynamically tune 

production of articulators to meet short-term demands or changing communicative requirements. 

Previous studies suggest that individuals with psychomotor retardation have specific difficulty 

initiating and sustaining motor movements (Bennabi et al., 2013), and this may affect the ability 

to lower the jaw and move the tongue upward at a speed similar to those without depression, 

ultimately engaging in what Lindblom (1990) would term as hypospeech. Additionally, those with 

PMA may not have motor deficits similar to those with retardation; instead, their speech profiles 

suggest a tendency to ‘overshoot’ targets, likely because of cognitive inflexibility and difficulty in 

fine-tuning a motor command after initiation of movement. Speakers with depression may also be 

engaging in compensatory behaviours to counterbalance centralised starting positions along the 

first formant axis. Although ultimately ending in similar offset locations as healthy speakers, this 

group engages in different trajectories to order to meet those targets. Healthy speakers, having 

intact motor control, are able to engage in fluid movements along both formants to meet diphthong 

onset and offset targets in an organized manner.  

It is also important to note that context effects may also be exerting an effect within the 

presented findings. Given the bilabial stop before the /aɪ/ diphthong, as compared to the alveolar 

stop preceding the /ɔɪ/ diphthong, differences may be due to lip protrusion and lip aperture 

variation. In an investigation of diphthongs using kinematic measures, Dromey et al., (2013) 

suggest that the protrusion of the lips (and the accompanying lengthening of the vocal tract) 

lowers all formant frequencies and may exercise a great influence on the strength of the acoustic-

kinematic relationship in diphthongs. In another smaller study, Morris McKell (2016) also 

demonstrated the impact of lip aperture in the /aɪ/ diphthong on measures of F1 and F2. In this 

experiment, speakers with depression may also demonstrate facial tension in the range of 

articulatory movement of their lips, causing formant frequencies to be raised specifically in the 

case of /aɪ/ which occurred in a bilabial context (i.e., ‘buys’).   
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8.8.6.  Other Effects on Diphthongs  

Gender-related differences in diphthong realisations corroborate those found in previous 

studies, particularly those citing variability in jaw opening between males and females (Weirich et 

al., 2016). Likely as a result of normalised formant values, no gender differences were found for 

overall articulatory range differences. However, men tended to engage in slower velocities along 

the formant requiring the most variation to achieve final offset target (i.e., F1 for /aɪ/ and F2 for 

/ɔɪ/). It may be that physiological differences allow for women to engage in faster speeds over the 

F1-F2 space, a probable scenario given their smaller vowel areas and increased likelihood of 

utilising the entirety of that space (Weirich and Simpson, 2018).  

8.9. Conclusions and Future Study Directions 

The examination of specific diphthong productions (i.e., those with greater F1 variation such 

as /ai/) may serve as useful clinical indicators of depressive status in speakers. Findings suggest 

that speakers with depression engage in similarly structured diphthong articulatory movements 

(i.e., onset, transition, offset), although the articulatory range and velocities of these movements 

are constrained along the first formant axis. This may be due to a combination of factors involving 

decreased motor control as a result of neurobiological changes coinciding with depression, as 

well as deficits in cognitive flexibility which negatively impact one’s ability to fine tune speech 

motor commands to suit short-term demands of production. Preliminary findings from this study 

also point to a difference in behaviours between psychomotor profiles of depression; examining 

this further in a controlled and larger sample may uncover more links between articulatory 

behaviours and psychomotor symptoms.  

Gender also affects final diphthong realisations. Future studies should retain this as an 

important factor to control for within study designs when investigating articulatory range and 

velocity measures.  

 

 

 

 

 

  



Vocal biomarkers of depression 
 

Page | 195  
 

9. Chapter 9: Factor Analysis of Depressed Speech and Fitvoice 

Measurements   

9.1. Introduction 

Investigations into the effects of depression on speech have tended to fall into the categories 

of those pertaining to frequency, temporal measures and to a lesser extent, loudness (see 

Chapter 3 and 4). Other aspects of speech production, such as articulation and phonation, have 

largely been overlooked. In response to this, a final investigation was conducted involving 

acoustic parameters relating to laryngeal control, vocal quality and energy within the speech 

signal. Findings from this experiment will be coupled with previous results to inform an integrated 

model of clinically depressed speech.  

9.2. Literature Review 

9.2.1. Measures of Periodicity 

Achieving voicing at the laryngeal level requires coordination of the glottis and respiratory 

system. Airflow over the glottis from the lungs causes increases in subglottal pressure, which 

allows for an opening of the vocal folds (cf. Ludlow, 2005). After this initial opening phase, this 

pressure is reduced as airflow continues up the vocal tract, and muscle tension in the vocal folds 

levels off, allowing for closure (Titze, 1994). Although widely regard to be a ‘passive’ activity, 

vocalisation has been linked with speech motor control processes and activates a large number 

of neural networks as it is completed (Murphy et al., 1997). Although cortical control does vary by 

speech task (Ludlow, 2005), voice production does appear to involve the laryngeal motor cortex 

as well as the left premotor cortex; as such, this process may be affected in depression given 

aforementioned discussions of motor symptoms associated with the condition.  

Periodicity within the speech signal therefore requires ample laryngeal and musculature 

control over vocal fold vibration. A few different measures have been put forward to quantify the 

periodicity of a voice sample, given that by itself, F0 does not provide a sufficiently detailed picture 

of functionality.  

Smoothed cepstral peak prominence (CPPS) is an acoustic measure representing the 

amplitude difference between the first rahmonic’s peak and the point with equal quefrency on the 

regression line through the smoothed cepstrum (Batthyany et al., 2019). First introduced by 

Hillenbrand in 1996, CPPS has been investigated relatively frequently in dysphonic voice therapy 

patients as an outcome measure, with higher values indicating more periodic voice signals and 



Vocal biomarkers of depression 
 

Page | 196  
 

therefore more harmonic spectrums. Several recent studies (e.g., Jannetts and Schaeffler, 2017; 

Maryn et al., 2010; Wolfe and Martin, 1997; Heman-Ackah, Michael and Goding, 2002; Heman-

Ackah et al., 2003; Halberstam, 2004; Lowell et al., 2011) have proven the reliability and validity 

of CPPS as a measure of vocal quality, being particularly linked to perceptual evaluations of 

hoarseness and breathiness. Cepstral peak prominence has been included as a high-level feature 

in recent automatic depression detection challenges (Williamson et al., 2014), where it was 

considered to be an effective predictor (along with HNR, see below) to include in a final predictive 

system.   

Other measures of perturbation (and hence, aperiodicity) include the more frequently used 

parameters of jitter and shimmer, reflecting small cycle-to-cycle changes in frequency and 

amplitude, respectively. Typically, normal voices do contain a minor amount of instability in any 

speech sample. However, larger values can indicate instability and both have been linked to 

pathological voice qualities (e.g., Silva et al., 2009; Farrus et al., 2007). Teixeira and Goncalves 

(2014) identify jitter measurements as being affected mainly by a lack of motor control over the 

glottis, while shimmer values as a result of glottal resistance. Both jitter and shimmer have their 

own subcategories of measures. Jitter perturbation can be measured either by absolute 

perturbation, the relative average perturbation (known as RAP) and the five points period 

perturbation (PPQ5). Shimmer, on the other hand, has its own subset of measurements, namely 

the absolute or local shimmer that is the logarithmic absolute difference in dB (ShdB), and the 

local shimmer (Shim) as a percentage of the average amplitude. Jitter and shimmer have 

previously been assessed in only a few previous studies in depressed speakers. Mean vocal jitter 

has been identified as a significant discriminator between suicidal and nondepressed speakers 

(Ozdas et al., 2004). Authors attributed this difference as a result of physiological variations in 

heart rate and blood pressure, which may have a trickle-down effect on muscle tone especially in 

the phonatory system. Another study linked shimmer to significant positive correlations with 

overall depressive severity scores and specifically psychomotor retardation (Quatieri and 

Malyska, 2012). In this same study, jitter was linked significantly only to total clinical depressive 

severity scores, but this was a weak correlation (r = -0.11), which the authors attributed to 

difficulties in measurement in the presence of strong aspiration.  
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9.2.2. Measures of Overall Energy within Speech Signal 

Long-time average spectrum (LTAS) analysis involves the examination of an averaged 

spectrum of all voiced sounds produced within a certain period of time (Mendoza, Valencia, 

Munoz and Trujillo, 1996). The slope of this LTAS can be used to describe the shape of the 

speech spectrum, while spectral tilt (Mendoza et al., 1996) refers to the sum of amplitudes from 

0 – 1000 Hz divided by the sums of amplitudes from 1000 – 5000 Hz. Lower tilt measurements 

have been found in cases of vocal fold hyperadduction while increased values have been seen 

in vocal fold hypoadductive behaviours (Lofqvist and Mandersson, 1987). Investigations involving 

LTAS have been completed in groupwise comparisons between men and women (e.g., Mendoza 

et al., 1996), where male and female speakers exhibited variations between 0.96 – 3.36 kHz and 

females exhibited lower spectral tilt than males. In a more clinical application, LTAS analysis has 

also been used to assess the speech of patients undergoing voice therapy (e.g.,  Tanner et al., 

2005) as speakers with perceived voice improvements exhibited significantly lower spectral mean 

and standard deviation. Dromey and colleagues (2003) also demonstrated the utility of such an 

analysis in distinguishing patients with and without hypokinetic dysarthria. Only one study (Ozdas 

et al., 2004) has investigated spectral slope within depressed and suicidal patients. Results from 

the experiment showed that depressed and high-risk suicidal participants exhibited higher 

spectral slope values as compared to a control group. “However… spectral slope measurements 

did not exhibit a continuum with respect to psychological disturbance. The average glottal spectral 

slope values extracted from the speech samples of the depressed patients were lower than either 

those of the control or near term-suicidal patients” (Ozdas et al., [2004] pg. 1535). The authors 

linked this to other findings of depressed speech containing more energy at higher frequency 

bands, which shift to lower bands after treatment (e.g., Scherer, Tolkmitt, France; 1986) and 

attributed the spectral slope differences to increased laryngeal tension and subglottal pressure. 

Excessive tension and incoordination of laryngeal musculature may potentially cause irregularly 

shaped glottal pulses. Within this experiment, the term ‘Slope’ will denote the general spectral 

slope of LTAS while ‘Tilt’ will refer to the spectral trendline inclination.  

Another measurement relating to overall shape of the source spectrum is the difference 

between the relative amplitudes of the first two harmonics (known as H1H2). Previous studies 

(e.g., Iseli et al., 2007) have noted the observation of Koremann (1996) that increased tension in 

the cricothyroid muscle in the larynx induces a simultaneous increase of F0 and therefore also of 

H1H2. Correlational studies have utilised this parameter in investigations of breathy voice quality 

(e.g., Hillenbrand et al., 1994; Klatt and Klatt, 1990; Sundberg and Gauffin, 1979), which is 

attributable to more energy within the fundamental than in the second harmonic and thus, a larger 
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amplitude difference (Huffman, 1987). Other studies have linked this measurement to ‘tense’ 

voice qualities in other languages (DiCanio, 2009) as well as creaky phonation types (Gerfen and 

Baker, 2005). Again, no studies have investigated the application of this parameter in the study 

of depressed speech, although it may be useful given the fact that this clinical group may exhibit 

perceptual differences in vocal quality.  

9.2.3. Measures of Additive Noise 

Noise parameters, such as the Glottal Noise Excitation (GNE) ratio, are valuable indicators 

of the noise content within a speech signal and have been extensively studied in vocal quality 

experiments. First proposed by Michaelis et al., (1997), GNE represents an attempt to quantify 

the amount of excitation (or noise) due to vocal fold behaviour in comparison to excitation 

produced by turbulent noise. It is conceptually related to breathiness, and is considered robust as 

it does not require estimation from fundamental frequency (Godino-Llorente et al., 2008). The 

GNE is based on the correlation between the Hilbert envelopes (Oppenheim et al., 1999) of 

several frequency channels, uniformly distributed throughout the spectrum (Godino-Llorente et 

al., 2008). Voices with higher intrinsic ‘turbulence’ tend to excite a narrow band noise in each 

frequency channel, thus causing less overlap in the shape of the Hilbert envelopes. Pathological 

voices tend to have higher GNE values in comparison to normal speakers (Godino-Llorente et al., 

2008), with a cut-off rate of -17.92 used to determine which voices may be considered abnormal. 

GNE has yet to be examined in depression, but it is likely that depressed speakers may be 

affected along this acoustic parameter given previously discussed laryngeal effects associated 

with the condition.  

Harmonics-to-Noise Ratio (HNR) is yet another measure utilised in the effort to quantify 

the presence of additive noise within the voice signal. HNR is a ratio comparing the relative 

periodic component that is the same from cycle to cycle, to the additive noise component that has 

a zero-mean amplitude distribution (Yumuoto et al., 1984), and is presented in dB units (Awan 

and Frankel, 1994). Additive noise generated at the glottis during phonation can be thought of as 

the product of two main effects (Hillenbrand, 1987; Ferrand, 2002). Firstly, aperiodic vocal fold 

vibration can give rise to additional noise in the spectrum. Otherwise, aperiodicity can also result 

from inadequate closure of the vocal folds, allowing excessive airflow over the glottis. All voices 

will have some degree of noise within the signal, but previous studies (e.g.,  Yumoto et al., 1982) 

suggest that 95% of non-dysphonic subjects have an HNR value greater than 7.4 dB, with higher 

measures denoting more of a harmonic component relative to an aperiodic component. The 

measure has been linked to cases of dysphonia, and has been found to significantly predict 
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speech samples labelled as ‘rough’. HNR has previously been investigated in one study of 

depressed speakers (Quatieri and Malyska, 2012), with significant negative correlations between 

the measure and overall clinical depression severity as well as psychomotor retardation scores. 

The authors attributed this increase in aspiration as a product of reduced laryngeal muscle 

tension, resulting in a more open, turbulent glottis.  

9.2.5. Measures of Intonation  

Some of the earliest research into depressed speakers refers to their speech as being 

‘monopitch’, or lacking in expressiveness (e.g., Kraeplin, 1921). Quantifying this description, 

otherwise known as intonation, can be difficult given that many different perspectives exist as to 

what, exactly, the term means. However, many researchers have explicitly focused on F0 and its 

range as a potential indicator of intonation in speakers.  

Although measures of fundamental frequency and its contour have been investigated 

extensively in depressed speakers (e.g.,  Alpert et al., 2001, Boenink et al., 1997; Kuny and 

Stassen, 1993; Nilsonne, 1987), specific acoustic parameters relating to intonation have not been 

covered, likely as a result of their lack of notoriety. F0 and its standard deviation have previously 

been linked to depressive severity in one study (Nilsonne, 1987) although others have found 

nonsignificant effects (Garcia-Toro et al., 2000; Stassen et al., 1991).  

Differences as measured in Hz do not always match up to perceptual changes (e.g.,  

Micheyl and Oxenham, 2004; Moore and Glasberg, 1990; Warrier and Zatorre, 2004), as 

differences between two values in the higher frequency regions seem to be less important than 

those in the lower frequency regions. To combat this, speech science has borrowed the concept 

of the ‘octave’ from musical theory for application to frequency measurement. An octave refers to 

the doubling of a frequency (e.g.,  100 Hz to 200 Hz, 300 Hz to 600 Hz, etc.), and regardless of 

the difference in Hz we tend to hear an octave as the same interval. Given that an octave contains 

12 semitones, we can calculate fundamental frequency range in semitones to obtain a better 

match with human perceptual findings. Using this measure also reduces differences in 

physiological range between males and females. Reich et al., (1990) found that ranges for males 

(505 Hz) and females (943 Hz) differed substantially based on biological variations in mean F0; 

changing this range to semitones negated any differences in F0 range caused by gender, with 

the average for both male and female samples both congregating on 34 semitones.  For this 

reason, F0 range as measured in semitones would likely be a better indicator of intonational 

changes irrespective of biological variation. One study (Alpert et al., 2001) examined the F0 range 

in depressed individuals using octave measurements, with results pointing to a significant 



Vocal biomarkers of depression 
 

Page | 200  
 

difference between this group of speakers and a non-depressed control group but no inter-group 

variation between psychomotor subtypes. In fact, those with depression appeared to increase in 

their ‘inflection’ after a course of antidepressant treatment, becoming closer in measure to the 

control group. Likewise, Cannizzaro and colleagues (2007) demonstrated that the F0 coefficient 

of variation was increased in depressed patients responding to antidepressant treatment. It is 

possible that this parameter may be a good indicator of inflection or intonational changes as a 

result of diagnostic status or treatment response, but further examination is necessary before 

coming to any firm conclusions.  

9.2.6. Composite Measurement – AVQI  

As with most approaches to measurement, single parameters can fall short when 

attempting to model changes in complex activities such as the voice. To this end, Maryn and 

colleagues (2010) developed the Acoustic Voice Quality Index (AVQI), a composite measure 

comprising six acoustic parameters as an indicator of vocal quality. The lower this value is, the 

better the voice quality. AVQI has been assessed in many different studies of normal and 

dysphonic speakers and has been established as a robust and reliable indicator of vocal quality 

over the course of voice therapy (e.g.,  Maryn et al., 2010; Hosokawa et al., 2017; Hosokawa et 

al., 2019; Uloza et al., 2018). Given its relatively new status within the field of speech science, 

this measurement has not yet been assessed as a significant differentiator between depressed 

and non-depressed speech.  
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9.3. Research Aims and Hypotheses 

From the long list of parameters discussed, only a few have been utilised in the investigation 

of vocal biomarkers of depression. As such, this experiment aims to address this lack of research 

in the area by checking these acoustic variables between a depressed and healthy cohort of 

speakers. In doing so, additional parameters can be included in the search for biomarkers, 

particularly those that may be closely associated to symptom severity scores as an indirect way 

of assessing treatment response or condition deterioration.  

To this end, the current study hypotheses that: 

 Depressed individuals will exhibit groupwise differences on these acoustic parameters 

from non-depressed speakers.  

 These acoustic parameters will correlate significantly with symptom severity scores.  

 These acoustic parameters, in particular those relating to aperiodicity and laryngeal motor 

coordination, will vary along psychomotor profiles of depression.  

 A diagnosis of depression will be a significant predictive factor for these acoustic variables.  

 

9.4. Methods 

9.4.1. Parameter Extraction from Speech Material 

All speech tasks (i.e., sustained vowel phonation of /ɒ/, the Dog and Duck Story, 9 

sentences and free speech samples) were included in this exploratory analysis. A sampling 

frequency of 44.1 kHz was used.  

A customised Praat script40 was utilised to extract a variety of measures from each speech 

task41.  

 AVQI is calculated according to the regression formula as put forward by Maryn et al., 

(2016)1.  

 Smoothed Cepstral Peak Prominence (CPPS) is the distance between the first rahmonic’s 

peak and the point with equal quefrency on the regression line through the smoothed 

spectrum.   

 Mean Glottal Noise Excitation (GNE Mean)  

                                                           
40 This script utilised parts of the published method (e.g., extraction of voiced parts, AVQI and composite 
parameters from Maryn et al., (2016). NB: F0 ranges deviated slightly from the original Maryn et al., (2016) 
script for males (75 – 300 Hz) and females (100 – 600 Hz). The full script is available in Appendix C.  
41 Listed in alphabetical order. 
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 H1H2 and its standard deviation was calculated following the procedure described in Iseli 

and Alwan (2004), with an improved correction formula for the estimation of harmonic 

magnitudes and its application to open quotient estimation42. The correction compensates 

for the influence of formant frequencies on spectral magnitude estimation.  

 Harmonics to noise ratio (HNR) compares the periodic to additive noise components of 

any speech signal using the method put forward by Deliyski et al., (2005). The former is a 

result of periodic vocal fold vibration while the second follows from glottal noise. It is 

measured as the base-10 logarithm of this ratio and multiplied by 10.  

 Jitter RAP (or Relative Amplitude Perturbation) is the average absolute difference between 

a period and the average of it and its two neighbours, divided by the average period, in 

percentage (Teixeira and Goncalves, 2014, p. 1192)43.  

 JitterPPQ5 is the five-point Period Perturbation Quotient. It is calculated by taking the 

average difference between a period and the average of it and its four closest neighbours, 

divided by the average period, in percentage:  

 F0 range (SD F0 ST), as measured in semitones (ST) is calculated as follows44: 

o 𝐹0 𝑅𝑎𝑛𝑔𝑒 (𝑆𝑇) = 39.863 ∗ log 
𝐹02

𝐹01
 

 Shimmer (SHDB), represents the base-10 logarithm of the difference between the 

amplitudes of successive periods, multiplied by 20.  

 Shimmer (Shim1), otherwise known as Shimmer local is measured as the average 

absolute difference between the amplitudes of two consecutive periods, divided by the 

average amplitude.  

 Spectral slope (slope), defined as the difference between the energy in 0 to 1000 Hz and 

the energy in 1000 to 10000 Hz of the long-term average spectrum.  

 Spectral tilt (tilt) is the tilt of the regression line through the spectrum. It is measured as 

the difference between the energy in 0 to 1000 Hz and the energy in 1000 to 10000 Hz of 

the trendline through the long-term average spectrum.  

9.4.2. Statistical Methods 

A correlational matrix will be created to check for multicollinearity between speech 

parameters. Parameters with strong correlations (i.e., > 0.80) will be examined. A secondary, 

separate correlational analysis using Spearman’s rank correlation will also inspect individual 

                                                           
42 Corrected measures still require cross-validation.   
43 Where Ti is the extracted glottal period lengths and N is the number of extracted glottal periods.  
44 Where F01 and F02 refer to the lowest and highest sampled frequencies within the speech sample.   
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parameter relationships with symptom severity scores, as assessed by the QIDS-SR16 self-

report.  

To begin, differences between groups on individual parameters will be modelled using a 

bootstrapped trimmed means difference estimation between depressed and non-depressed 

speakers. Graphs will also be used to plot out differences within the depressive psychomotor 

groups.  

In an effort to reduce the number of variables required for analysis (and where necessary, 

avoid multicollinearity if this is flagged by initial correlation checks), a principal component 

analysis will be undertaken on the extracted acoustic parameters. This will result in a smaller 

amount of components to take forward for linear mixed effect regression analysis. Those 

parameters will be included as dependent variables in regression equations assessing the effect 

of diagnostic status.  
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9.5. Results 

9.5.1. Correlation Matrix of Acoustic Parameters 

A correlation matrix was assessed between all extracted acoustic parameters using Kendall’s 

tau (Kendall, 1938). Several parameters were strongly associated, indicating the need for a 

principal component analysis to reduce dimensions and minimise multicollinearity. A heat map of 

correlational measures between parameters is presented in Figure 8.19 and a full table of values 

is presented in Table 9.1, below). 

 

Figure 9.1: Correlation map of acoustic parameters. The colour of the correlation circles range from dark blue (-1) to 

dark red (+1). The size of each circle pertains to the level of the p-value for each correlation from small (> 0.05) to large 

(< .001). 
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Table 9.1: Correlation matrix of all speech parameters extracted from the speech material in this experiment. Figures in bold with asterisks (*) denote statistically 

significant correlations at the p < .05 level. Please note that as a composite measure, AVQI is not a strictly independent measure and therefore must be interpreted 

with caution.  

 AVQI CPPS GNE H1H2 H1H2SD HNR JitPPQ5 JitRAP SDF0ST SHDB Shim Slope Tilt 

AVQI 
 

-0.96* 0.10 -0.02 0.46 -0.82* 0.78 0.79 0.32 0.91* 0.89* -0.78 0.22 

CPPS -0.96* 
 

-0.10 0.02 -0.49 0.76 -0.80* -0.82* -0.38 -0.83* -0.82* 0.74 -0.21 

GNE 0.10 -0.10 
 

0.10 0.25 -0.19 0.39 0.33 0.49 0.15 0.12 0.09 -0.41 

H1H2 -0.02 0.02 0.10 
 

0.07 0.30 -0.07 -0.03 -0.01 -0.05 -0.09 -0.12 0.35 

H1H2S

D 

0.46 -0.49 0.25 0.07 
 

-0.31 0.41 0.38 0.76 0.38 0.34 -0.29 -0.04 

HNR -0.82* 0.76 -0.19 0.30 -0.31 
 

-0.75 -0.72 -0.23 -0.83* -0.84 0.42 0.16 

JitPPQ

5 

0.78 -0.80* 0.39 -0.07 0.41 -0.75 
 

0.96* 0.46 0.67 0.67 -0.56 -0.10 

JitRAP 0.79 -0.82* 0.33 -0.03 0.38 -0.72 0.96* 
 

0.41 0.66 0.67 -0.60 0.01 

SDF0S

T 

0.32 -0.38 0.49 -0.01 0.76 -0.23 0.46 0.41 
 

0.24 0.18 -0.09 -0.25 

SHDB 0.91* -0.83* 0.15 -0.05 0.38 -0.83* 0.67 0.66 0.24 
 

0.99* -0.64 0.07 

Shim 0.89* -0.82* 0.12 -0.09 0.34 -0.84* 0.67 0.67 0.18 0.99* 
 

-0.65 0.09 

Slope -0.78 0.74 0.09 -0.12 -0.29 0.42 -0.56 -0.60 -0.09 -0.64 -0.65 
 

-0.41 

Tilt 0.22 -0.21 -0.41 0.35 -0.04 0.16 -0.10 0.01 -0.25 0.07 0.09 -0.41 
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Figure 9.2: Results from Spearman’s rank correlational analyses between individual speech parameters and 

QIDS-SR16 scores, denoting depressive symptom severity. Higher QIDS-SR16 scores imply a worse profile of 

symptoms. Only significant correlations are shown here; other speech parameters (i.e., H1H2, H1H2 std. dev., 

HNR, both jitter measures and std. dev. of F0 in semitones) were not found to significantly vary in line with QIDS-

SR16 scores. 
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9.5.2. Correlation with QIDS Scores 

Each parameter was averaged across all sessions and speech tasks per participant to check 

for correlations with symptom severity scores, as assessed by the QIDS-SR1645. Several 

parameters demonstrated strong and significant relationships with symptom severity (see Figure 

9.2 above and Table 9.2 below).  

Table 9.2: Correlational values between speech parameters and QIDS-SR16 scores (i.e., symptom severity scores). 

The strongest positive correlations were seen between QIDS scores, and AVQI and 

shimmer measures—that is, as symptom severity increased, so too did measures of vocal 

pathology and irregularities within the cycle-to-cycle amplitude fluctuations. To a lesser extent, 

Tilt measures were also positively correlated with symptom severity.  

Symptom severity scores were negatively correlated with CPPS, GNE and Slope. As 

symptoms became more severe, voices were less periodic and exhibited less excitation within 

the glottal spectrum. The slope of the spectrum also reduced significantly as QIDS scores 

increased.  

 

 

 

 

 

 

 

                                                           
45 Recall that as QIDS scores are interpretable as higher scores denoting worse symptomatology profiles.  
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QIDS 0.64** -0.64** -0.63** -0.02 0.17 -0.35 0.45 0.42 -0.21 0.61** 0.60** -0.63** 0.54* 
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9.5.3. Periodicity Measurement - CPPS Results 

With regards to CPPS, average values and standard deviations for each task are presented 

in Table 9.3.  

Table 9.3: Averages for CPPS by diagnostic group (top) and psychomotor group (bottom), separated by speech task. 

 Dog and Duck Free Speech Sentences Sustained 

Vowel 

Healthy 10.1 ± 1.21 9.97 ± 1.66 10.54 ± 1.21  13.98 ± 1.49 

Depressed 8.2 ± 1.29 7.69 ± 1.36 8.38 ± 1.27 10.39 ± 2.5 

By Subtype     

PMA 8.46 ± 1.45 7.73 ± 1.52 8.87 ± 1.3 9.79 ± 1.89 

PMR 8.01 ± 1.16 7.65 ± 1.26 8.02 ± 1.15 10.82 ± 2.84 

 

Across all four speech tasks, CPPS was lower for depressed speakers than their non-

depressed counterparts (see Figure 9.3). 

 

Figure 9.3: A bar chart of CPPS measurements between depressed (blue) and healthy (pink) participants over the four 

speech tasks. 
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As previously described, higher CPPS measurements indicate higher harmonicity within 

the spectrum and more periodic vocal fold phonation. Bootstrapped trimmed mean differences 

are presented in Table 9.4 below. Depressed individuals, on average, had CPPS measurements 

that were 2.58 units lower than non-depressed speakers, and the largest differences were 

observed within the sustained vowel task.  

Table 9.4: Trimmed mean differences between depressed and healthy speakers on the CPPS parameter 

measurements, separated by speech task. 

CPPS DOG AND 

DUCK 

FREE SPEECH SENTENCES SUSTAINED 

VOWEL 

TRIMMED MEAN 

DIFFERENCE 

-2.10 -2.40 -2.16 -3.67 

95% CONFIDENCE 

INTERVALS 

-2.86, -1.34 -3.17, -1.63 -2.78, -1.54 -4.70, -2.64 

TEST STATISTIC 

AND P-VALUE 

-5.41, p < .001 -6.25, p < .001 -6.61, p < .001 -6.86, p < .001 
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When separating by psychomotor subtype, no apparent differences emerge within the 

depressed group on any of the speech tasks. Both are significantly lower than the healthy control 

group (see Figure 9.4).  

 

 

Figure 9.4: A bar chart of CPPS measurements in healthy (pink), psychomotor agitated (PMA) participants (green) 

and psychomotor retarded (PMR) patients (blue). 
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Gender was also inspected in relation to speech task and diagnosis on its effect on CPPS. 

No interactions emerged between gender and group. No significant patterns emerged as to the 

impact of gender on this variable (see Figure 9.5, below).  

 

Figure 9.5: Graphic representation of gender differences seen in CPPS measurements between depressed (blue) 

and healthy (pink) speakers, separated by gender and speech tasks. 
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9.5.3. Periodicity Measurement – Jitter Results 

As previously described, two jitter measures were extracted from each speech recording 

using the customised Praat script – JitRAP and JitPPQ5. Given that these were both used, results 

for each will be provided together for parsimonious reasons (see Table 9.5).  

Table 9.5: Averages for Jitter measures (JitRAP and JitPPQ5) by diagnostic group (top) and psychomotor group (bottom), 
separated by speech task. 

JITRAP Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy 0.0114 ± 0.0017 0.0106 ± 0.0029 0.0099 ± 0.0018 0.0041 ± 0.0031 

Depressed 0.0136 ± 0.0038 0.0147 ± 0.0047 0.0125 ± 0.0041 0.0079 ± 0.0069 

By Subtype     

PMA 0.0128 ± 0.0036 0.0150 ± 0.0059 0.0112 ± 0.0034 0.0060 ±0.0029 

PMR 0.0142 ± 0.0208 0.0144 ± 0.0223 0.0134 ± 0.0044 0.0094 ± 0.0085 

JITPPQ5 Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy 0.0132 ± 0.0021 0.0121 ± 0.0031 0.0114  ± 0.0023 0.0044 ± 0.0034 

Depressed 0.0146 ± 0.0034 0.0152 ± 0.0039 0.0132  ± 0.0037 0.0076 ± 0.0065 

By Subtype     

PMA 0.0138 ± 0.0037 0.0148 ± 0.0052 0.0117 ± 0.0029 0.0057 ± 0.0025 

PMR 0.0153 ± 0.0031 0.0154 ± 0.0027 0.0145 ± 0.0039 0.0089 ± 0.0081 

Across all four speech tasks, depressed speakers exhibited higher values of JitRAP and 

JitPPQ5 (see Figure 9.6 below) than their non-depressed counterparts. From visual inspection 

alone, it appears that JitRAP exhibits more robust between-group variation over JitPPQ5.  
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Figure 9.6: A bar chart of jitter measurements between depressed (blue) and healthy (pink) participants over the four 

speech tasks. JitRAP measures are presented in the top figure, while JitPPQ5 measures are presented in the bottom 

figure. 
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Speakers with depression, on average, had JitRAP values that were 0.0030 units higher 

and JitPPQ5 values that were 0.0023 units higher than the healthy controls. A table presenting 

trimmed mean differences for both parameters, by subtype is presented in Table 9.6. Significant 

differences emerged for JitRAP across all four speech tasks, with the largest differences occurring 

within the free speech task. In a similar vein, JitPPQ5 also demonstrated the largest groupwise 

differences within the free speech task, but significant variation between groups did not emerge 

for the Dog and Duck story (although this approaches significance).  

Table 9.6: Trimmed mean differences between depressed and healthy speakers on jitter parameter measurements 

(JitRAP and JitPPQ5), separated by speech task. 

JITRAP Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

0.0025 0.0040 0.0026 0.0028 

95% Confidence 

Intervals 

0.0007, 0.0043 0.0021, 0.0058 0.0010, 0.0041 0.0003, 0.0052 

Test Statistic and 

p-value 

2.677, p = 0.01 4.137, p < .001 3.168, p < .001 2.212, p = 0.03 

JITPPQ5 Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

0.0016 0.0033 0.0020 0.0021 

95% Confidence 

Intervals 

-0.0004, 0.0034 0.0016, 0.0050 0.0002, 0.0037 0.0003, 0.004 

Test Statistic and 

p-value 

1.841, p= 0.06 3.731, p < .001 2.076, p = 0.03 1.972, p= 0.03 

 

While inspecting the importance of subgroups on jitter measures, it appears that both 

subgroups happen to exhibit larger measurements over the health controls. It is interesting to also 

note the wider confidence intervals for both the PMA and PMR subgroups of speakers as 

compared to their healthy counterparts (see Figure 9.7 below).   
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Figure 9.7: A bar chart of jitter measurements in healthy (pink), psychomotor agitated (PMA) participants (green) and 

psychomotor retarded (PMR) patients (blue). JitRAP measures are presented in the top figure, while JITPPQ5 

measures are presented at the bottom. 
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Finally, gender appears to impact jitter measurements on only a few specific tasks (see 

Figure 9.8 below). For JitRAP, females exhibited less jitter than men on the sustained vowel task, 

and within the depressed group on both read speech tasks. Less robust gender-based differences 

emerged for the healthy group of speakers. For JitPPQ5, gender differences were also more 

pronounced within the depressed group, as depressed males produced higher levels of jitter than 

females.  
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Figure 9.8: Graphic representation of gender differences seen in jitter measurements between depressed (pink) and 

healthy (blue) speakers, separated by gender and speech tasks. JitRAP measures are presented at the top, while 

JitPPQ5 measures are shown below. 
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9.5.4. Periodicity Measurement – Shimmer Results 

As with presentation of jitter groupwise differences, results for shimmer measurements 

(Shim and ShdB) will be compiled for parsimony. Mean values for shimmer parameters, Shim and 

ShdB, are presented in Table 9.7. 

Table 9.7: Averages for shimmer measures (Shim and ShdB) by diagnostic group (top) and psychomotor group 

(bottom), separated by speech task. 

Shim Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy 12.09 ± 2.48 11.54 ± 3.48 11.08 ± 2.46 6.93 ± 3.2 

Depressed 14.51 ± 1.83 15.01 ± 2.07 13.99 ± 2.05 11.35 ± 3.86 

By Subtype     

PMA 13.25 ± 1.44 13.79 ± 1.85 12.49 ± 1.3 10.89 ± 2.68 

PMR 15.44 ± 1.52 15.91 ±1.77 15.1 ± 1.8 11.68 ± 4.58 

ShdB Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy 1.14 ± 0.20 1.09 ± 0.28 1.07 ± 0.21 0.65 ± 0.30 

Depressed 1.34 ± 0.12 1.38 ± 0.14 1.30 ± 0.13 1.05 ± 0.35 

By Subtype     

PMA 1.26 ± 0.10 1.31 ± 0.13 1.22 ± 0.10 1.03 ± 0.24 

PMR 1.40 ± 0.11 1.43 ± 0.13 1.37 ± 0.12 1.06 ± 0.41 
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Figure 9.9: A bar chart of shimmer measurements between depressed (blue) and healthy (pink) participants across 

four speech tasks. Shim measures are presented above, while ShdB measures are shown at the bottom of the figure. 
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Across all four speech tasks for both measures, healthy speakers exhibited considerably less 

shimmer in their speech samples than the depressed speaker group, signifying more instability in 

terms of frequency (see Figure 9.9). The largest differences between the two groups were 

demonstrated on the sustained vowel task. The main driving group behind these differences 

appears to be the group with PMR, although those with PMA were still exhibiting higher values 

than non-depressed speakers (see Figure 9.10 below).  
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Figure 9.10: A bar chart of shimmer measurements in healthy (pink), psychomotor agitated (PMA) participants (green) 

and psychomotor retarded (PMR) participants (blue). Shim measures are presented at the top while ShdB measures 

are presented at the bottom. 
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A trimmed means estimation of difference between groups confirmed the results from 

visual inspection (see Table 9.8). Highly significant differences were seen for both shimmer 

parameters across all speech tasks, with depressed speakers producing speech samples that 

were 3.355 units and 0.289 dB higher in the shimmer (local) and shimmer (dB) measures, 

respectively.   

Table 9.8: Trimmed mean differences between depressed and healthy speakers on shimmer parameter measurements 

(Shim and ShdB), separated by speech task. 

Shim Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

2.209 3.375 2.752 5.084 

95% Confidence 

Intervals 

0.966, 3.451 1.528, 5.222 1.52, 3.980 3.428, 6.740 

Test Statistic and p-

value 

3.396, p = 0.01 3.467, p < .01 4.225, p < .001 5.774, p < .001 

ShdB Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

0.182 0.277 0.222 0.475 

95% Confidence 

Intervals 

0.092, 0.272 0.132, 0.423 0.123, 0.322 0.303, 0.647 

Test Statistic and p-

value 

3.891, p < .01 3.670, p = .001 4.293, p < .001 5.451, p < .001 

 

Gender also appears to play an effect on shimmer (local) in speech, as males produced 

more shimmer in all cases bar one – while producing sustained vowels, depressed women 

exhibited slightly more shimmer values than depressed males. Depressed men and women also 

exhibited more similar values than the non-depressed group of speakers on measures of shimmer 

(dB). Both measures are modelled in graphs, seen in Figure 9.11, below.  
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Figure 9.11: Graphic representation of gender differences seen in shimmer measurements between depressed (blue) 

and healthy (pink) speakers, separated by speech task. 
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9.5.5. Additive Noise Measurement – GNE Mean 

Glottal noise excitation measures additional noise at the level of the glottis within speech. 

This was one of the few parameters in which both psychomotor types of depressed exhibited 

nearly identical measurements. A table comparing means between depressed and non-

depressed speakers is presented in Table 9.9. Healthy speakers exhibited more turbulent glottal 

noise excitation on all four speech tasks, with the largest differences being seen in the sustained 

vowel task (see Figure 9.12 below).  

Table 9.9: Averages for GNE measures by diagnostic group (top) and psychomotor group (bottom), separated by 

speech task. 

GNE Mean Dog and Duck Free Speech Sentences Sustained 

Vowel 

Healthy 0.70 ± 0.05 0.71 ± 0.04 0.69 ± 0.05 0.60 ± 0.10 

Depressed 0.65 ±0.04 0.65 ± 0.04 0.63 ± 0.04 0.53 ± 0.11 

By Subtype     

PMA 0.65 ± 0.04 0.65 ± 0.04 0.62 ± 0.04 0.50 ± 0.11 

PMR 0.65 ± 0.05 0.65 ± 0.04 0.64 ± 0.04 0.53 ± 0.12 

 

From inspection of values by psychomotor group (see Figure 9.13 below), it appears that 

both PMA and PMR speakers produce very similar results as compared to non-depressed group. 

This could present as one acoustic variable that is affected by clinical diagnosis across both 

psychomotor groups.  
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Figure 9.12: A bar chart of GNE measurements between depressed (blue) and healthy (pink) participants over the four 

speech tasks. 

 

Figure 9.13: A bar chart of GNE measurements in healthy (pink), psychomotor agitated (PMA) participants (green) and 

psychomotor retarded (PMR) participants (blue). 
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Table 9.10: Trimmed mean differences between depressed and healthy speakers on GNE measurements, separated 

by speech task. 

GNE Mean Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

-0.055 -0.058 -0.046 -0.072 

95% Confidence 

Intervals 

-0.075, -0.036 -0.080, -0.035 -0.069, -0.022 -0.128, -0.016 

Test Statistic and p-

value 

-5.225, p < .001 -4.802, p < .001 -3.613, 

 p = 0.002 

-2.453,  

p = 0.015 

 

A trimmed means estimation of group differences (presented in Table 9.10) demonstrates 

that all four tasks exhibited highly significant differences based on diagnostic status. Depressed 

speakers, on average, produced speech that was -0.058 units lower in glottal noise excitation 

than non-depressed speakers.  

Gender did not play a regular effect on GNE, particularly in the depressed group of 

speakers (see Figure 9.14 below). Where gender differences did emerge within this group (i.e., 

on the sustained vowel task), they showed an opposite effect to those speakers without 

depression, as males produced higher levels of glottal noise excitation in females. Within the 

healthy group, gender effects were more cohesive as women produced more GNE across all four 

speech tasks.  
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Figure 9.14: Graphic representation of gender differences seen in GNE measurements between depressed (blue) and 

healthy (pink) speakers, separated by gender and speech tasks. 

 

9.5.6. Additive Noise Measurement – HNR 

Mean values of HNR by group and subtype are presented in Table 9.11.  

Table 9.11: Averages for HNR measures by diagnostic group and psychomotor subtype.  

HNR Dog and Duck Free Speech Sentences Sustained 

Vowel 

Healthy 11.74 ± 2.41 12.99 ± 3.17 13.0  ± 2.41 17.08 ± 3.9 

Depressed 11.15 ± 1.96 10.91 ± 2.24 11.8 ± 2.10 13.96 ± 4.16 

By Subtype     

PMA 12.12 ± 2.11 11.80 ± 2.61 13.13 ± 2.13 14.36 ± 3.79 

PMR 10.44 ± 1.52 10.25 ± 1.70 10.82 ± 1.47 13.67 ± 4.50 
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HNR was not similarly different across all four speech tasks (see Figure 9.15 below), as 

the Dog and Duck story did not appear from visual inspection alone to present with different values 

between diagnostic groups.  

 

Figure 9.15: A bar chart of HNR measurements between depressed (blue) and healthy (pink) participants over the four 

speech tasks. 

Higher HNR values indicate a greater amount of harmonicity within the speech signal as 

compared to ‘turbulence’ or additive noise. On average, speakers with depression produced 

speech samples that were 1.865 units lower in HNR measurements than the healthy control 

group. A table presenting bootstrapped trimmed mean differences in available in Table 9.12 

below. Significant differences emerged for the free speech, sentences and sustained vowel 

speech tasks, but not the Dog and Duck story.  
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Table 9.12: Trimmed mean differences between depressed and healthy speakers on HNR parameter measurements, 

separated by speech task. 

HNR Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

-0.55 -2.01 -1.35 -3.55 

95% Confidence 

Intervals 

-1.68, 0.58 -3.62, -0.40 -2.46, -0.247 -5.99, -1.11 

Test Statistic and 

p-value 

-0.91, p = 0.34 -2.52, p = 0.02 -2.23, p = 0.02 -2.79, p < .001 

 

 

Figure 9.16: A bar chart of HNR measurements in healthy (pink), psychomotor agitated (PMA) participants (green) and 

psychomotor retarded (PMR) participants (blue). 
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When assessing by psychomotor subtype, the majority of differences between the healthy 

and depressed speakers appear to be being driven mainly by the PMR subgroup (see Figure 9.16 

above). This trend was most apparent in the read and free speech tasks, while sustained 

phonation had more overlapping confidence intervals between the two subgroups.  

Lastly, gender appears to play at least a partial role in final HNR measurements, with males 

producing lower values for all speech tasks (see Figure 9.17).  

 

Figure 9.17: Graphic representation of gender differences seen in HNR measurements between depressed (blue) and 

healthy (pink) speakers, separated by gender and speech tasks. 
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9.5.7. Spectral Energy Measurement – Slope and Tilt Results 

Due to the link between slope and tilt measurements, as with shimmer and jitter, both 

measurements will be presented together. A table presenting mean values and standard 

deviations by group is presented in Table 9.13 while visualisation of these is presented in Figure 

9.18 below. Speakers with depression exhibited higher spectral slope values and lower spectral 

tilt measurements across all four speech tasks.  

Table 9.13: Averages for slope and tilt measures by diagnostic group (top) and psychomotor group (bottom), separated 

by speech task. 

Slope Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy -19.53 ± 2.51 -21.35 ± 2.77 -20.73 ± 2.82 -17.09 ± 3.54 

Depressed -25.34 ± 2.51 - 26.39 ± 3.37 -26.61 ± 2.77 -21.88 ± 4.39 

By Subtype     

PMA -24.08 ± 2.04 -25.60 ± 2.44 -25.39 ± 1.70  -20.97 ± 3.56 

PMR -26.26 ± 3.40  -26.97 ± 3.87 -27.50 ± 3.09 -22.55 ± 4.90  

Tilt Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy -11.76 ± 0.71 -11.34 ± 0.78 -11.60 ± 0.86 -10.76 ± 1.42 

Depressed -10.63 ± 0.56 -10.49 ± 0.58 -10.54 ± 0.59 -9.90 ± 1.30 

By Subtype     

PMA -10.67 ± 0.51 -10.30 ± 0.51 -10.49 ± 0.72 -9.70 ± 0.84 

PMR -10.60 ±0.60 -10.62 ± 0.60 -10.58 ± 0.48 - 10.05 ± 1.56 

 

 

 

 



Vocal biomarkers of depression 
 

Page | 232  
 

 

 

Figure 9.18: A bar chart of slope and tilt measurements between depressed (blue) and healthy (pink) participants over 

the four speech tasks. Slope measures are presented in the top figure, while tilt measures are presented in the bottom 

figure. 
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When assessing differences by psychomotor subtype (see Figure 9.19), speakers with 

PMR demonstrated the larger variation from healthy speakers for slope, while speakers with PMA 

produced lower values of Tilt than either healthy or PMR speakers in the free speech and 

sustained vowel tasks.  

 

 

Figure 9.19: A bar chart of slope and tilt measurements in healthy (pink), psychomotor agitated (PMA) participants 

(green) and psychomotor retarded patients (blue). Slope measures are presented in the top figure, while tilt measures 

are presented at the bottom. 
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To check for significant differences, trimmed means estimation of differences was 

computed for both slope and tilt measurements (see Table 9.14). Speakers with depression had 

slope measurements that were 5.078 units lower than healthy speakers, while their tilt values 

were on average, were 0.877 units higher.  

Table 9.14: Trimmed mean differences between depressed and healthy speakers on slope and tilt measurements, 

separated by speech task. 

Slope Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

-5.277 -4.606 - 5.433 -4.994 

95% Confidence 

Intervals 

-6.650, - 3.904 -6.216, -2.997 -6.812, -4.055 -7.096, -2.892 

Test Statistic and 

p-value 

-7.463, p < .001  -5.517, p < .001 - 7.645,  

p < .001 

-4.566,  

p < .001 

Tilt Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

0.928 0.792 0.877 0.913 

95% Confidence 

Intervals 

0.594, 1.261 0.370, 1.215 0.417, 1.338 0.262, 1.563 

Test Statistic 

and p-value 

5.299, p < .001 3.649, 

p = 0.001 

3.892, 

p = 0.003 

2.760,  

p = 0.001 

     

The effect of gender on slope and tilt was also visually inspected (see Figure 9.20 below). 

As seen with other parameters, gender differences within the depressed group of speakers was 

minimised in comparison to their non-depressed counterparts in the case of slope. Healthy males 

tended to have lower slope values than the females in that group. For tilt measurements, more 

robust gender differences emerged within the depressed group, with depressed males producing 

more spectral tilt than females. This was especially pronounced within the sustained vowel task.  
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Figure 9.20: Graphic representation of gender differences seen in slope (top) and tilt (bottom) measurements between 

depressed (blue) and healthy (pink) speakers, separated by gender and speech tasks. 
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9.5.8. Spectral Energy Measurement – H1H2 Results 

To assess the amount of energy within the speech signal, the amplitude between the first 

and second harmonics was computed and compared between the two groups of speakers. 

Results are presented in Table 9.15.  

Table 9.15: Averages for H1H2 measures (H1H2 and its standard deviation) by diagnostic group (top) and psychomotor 

group (bottom), separated by speech task. 

H1h2 Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy 5.42 (± 2.59) 5.36 (± 3.15) 5.11 (± 2.61) 6.62 (± 4.46) 

Depressed 5.81 (± 3.00) 5.08 (± 3.24) 6.38 (± 2.63) 6.46 (± 6.83) 

By Subtype     

PMA 6.43 (± 3.13) 5.69 (± 3.34) 6.68 (± 2.77) 9.25 (± 6.53) 

PMR 5.26 (± 2.90) 4.63 (± 3.17) 6.16 (± 2.56) 4.40 (± 6.45) 

H1h2 Std Dev Dog and Duck Free Speech Sentences Sustained Vowel 

Healthy 6.52 (± 1.04)  6.74 (± 1.49) 6.22 (± 1.33) 3.02 (± 2.02) 

Depressed 7.14 (± 1.71) 7.28 (± 2.13) 6.55 (± 1.10) 4.05 (± 3.45) 

By Subtype     

PMA 8.12 (± 1.81) 8.12 (± 2.50) 7.01 (± 1.27) 4.84 (± 4.96)  

PMR 6.42 (± 1.24)  6.67 (± 1.61) 6.21 (± 0.84) 3.46 (± 1.60) 

 

As previously discussed, heightened cricothyroid tension is linked to increased measures 

of H1H2 (Koreman, 1996), while its standard deviation may be thought of as being linked to 

laryngeal stability. Across the four speech tasks, H1H2 was only increased for depressed 

speakers on the Dog and Duck and read Sentences speaking prompts (see Figure 9.21 below).  
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Figure 9.21: Bar charts of H1H2 measurements between depressed (blue) and healthy (pink) participants over the four 

speech tasks. H1H2 measures are presented in the top figure, while its standard deviation is presented in the bottom 

figure. 
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When inspecting differences by psychomotor subtype (see Figure 9.22), PMA speakers had 

significantly increased measures for both variables as compared to both healthy and PMR 

participants.  

 

 

 

Figure 9.22: Bar charts of H1H2 measurements in healthy (pink), psychomotor agitated (PMA) speakers (green) and 

psychomotor retarded (PMR) speakers (blue). H1H2 measures are presented at the top, while standard deviation 

measures are presented in the bottom figure. 
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To check the significance of these perceived differences, a bootstrapped trimmed means 

estimation was completed, with results presented in Table 9.16. For H1H2, significant differences 

were only seen in the sentences task, with depressed speakers on average increased 

measurements of approximately 1.319 units higher than non-depressed speakers. Inspecting by 

psychomotor profile (see Figure 9.22 above), this difference is mainly driven by those with PMA. 

For the standard deviation measurement, significant differences were only seen on the sustained 

vowel task, with depressed speakers measuring 0.888 units higher than non-depressed speakers 

and once again, this variation was mostly due to the PMA group of participants.   

Table 9.16: Trimmed mean differences between depressed and healthy speakers on H1H2 measurements (corrected 

measure and its standard deviation), separated by speech task. 

H1h2  Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

0.360 -0.494 1.319 0.313 

95% Confidence 

Intervals 

-1.167, 1.887 -2.154, 1.165 0.040, 2.598 -3.155, 3.781 

Test Statistic and  

p-value 

0.440, p = 0.64 -0.575, p = 0.54 1.901, p = 0.04 0.182, p = 0.85 

H1h2 Std Dev Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

0.511 0.575 0.297 0.888 

95% Confidence 

Intervals 

-0.415, 1.439 -0.551, 1.024 -0.363, 0.957 0.068, 1.707 

Test Statistic and 

 p-value 

1.085, p = 0.26 0.575, p  = 0.54 0.872, p = 0.36 2.010, p = 0.03 

     

As previously asserted by previous research (Iseli and Awan, 2007), gender does play a 

role in H1H2 measurements, with females having increased measurements across both 

depressed and non-depressed groups of speakers and for all speech tasks involved (see Figure 

9.23 below). For the standard deviation measure, the gender effect is reduced as men and women 

exhibit similar estimates across both depressed and healthy groups.  
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Figure 9.23: Graphic representation of gender differences seen in H1H2 measurements between depressed (blue) and 

healthy (pink) speakers, separated by gender and speech tasks. 
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9.5.9. Intonation Measurement – F0 Range (Semitones) 

Range of F0 in semitones was assessed between groups, with averages presented in Table 

9.17. Larger values represent greater ranges of F0, linked to more inflection within the speech 

sample. Speakers with depression exhibited lower measurements across all speech tasks, save 

for the sustained vowel (see Figure 9.24 below). When inspecting by subgroup of psychomotor 

activity, an unexpected pattern emerged. Those speakers with PMA exhibited higher F0 ranges 

than healthy speakers, while those with PMR demonstrated the largest deficits from these two 

subsets of speakers (see Figure 9.25 below).  

Table 9.17: Averages for F0 range by diagnostic group (top) and psychomotor group (bottom), separated by speech 

task. 

F0 RANGE Dog and Duck Free Speech Sentences Sustained 

Vowel 

Healthy 3.20 ± 0.69 2.80 ± 0.81 2.50 ± 0.79 0.52 ± 0.55 

Depressed 2.54 ± 0.95 2.38 ± 0.93 2.17 ± 0.59 0.66 ± 0.9 

By Subtype     

PMA 3.38 ± 0.70 2.90 ± 0.93 2.70 ± 0.43 0.77 ± 1.31 

PMR 1.92 ± 0.54 2.00 ± 0.74 1.78 ± 0.33 0.57 ± 0.43 
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Figure 9.24: A bar chart of F0 range measurements between depressed (blue) and healthy (pink) participants over the 

four speech tasks. 

 

 

Figure 9.25: A bar chart of F0 range in healthy (pink), psychomotor agitated (PMA) participants (green) and 

psychomotor retarded (PMR) speakers. 
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A bootstrapped estimation of trimmed means differences is presented below in Table 9.18. 

Significant differences were only found within the Dog and Duck and free speech tasks. This result 

was expected, given that these two tasks are the most similar to normal, everyday speech. On 

average, speakers with depression produced recordings that utilised 0.329 semitones less F0 

range than their healthy counterparts.  

Table 9.18: Trimmed mean differences between depressed and healthy speakers on F0 range measurements. 

SD F0 ST  Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

-0.738 -0.535 -0.263 0.021 

95% Confidence 

Intervals 

-1.250, -0.226 -1.020, -0.049 -0.635, 0.108 -0.160, 0.202 

Test Statistic and 

p-value 

-2.823, p = 0.01 -2.097, p = 0.04 -1.371,  

p = 0.15 

0.230,  

p = 0.819 

 

Gender does appear to have an effect on F0 range, with women in both the depressed 

and healthy groups producing on average higher values in semitones, save for the sustained 

vowel task (see Figure 9.26 below). As with other measures, the difference in F0 range between 

males and females was less pronounced with the depressed group.  
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Figure 9.26: Graphic representation of gender differences seen in F0 range measurements between depressed (blue) 

and healthy (pink) speakers, separated by gender and speech tasks. 
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9.5.10. Composite Measurement – AVQI 

The composite measure AVQI was also assessed between groups. A table presenting 

averages for non-depressed and depressed speakers is presented in Table 9.19. Recall that 

larger values are considered to be linked with more dysphonic vocal qualities.  

Table 9.19: Averages for AVQI measures by diagnostic group (top) and psychomotor group (bottom), separated by 

speech task. 

AVQI Dog and Duck Free Speech Sentences Sustained 

Vowel 

Healthy 5.44 ± 0.81 5.39 ± 1.09 5.26 ± 0.88 3.00 ± 1.15 

Depressed 6.71 ± 0.64 6.96 ± 0.69 6.66 ± 0.65 5.28 ±1.71 

By Subtype     

PMA 6.49 ± 0.73 6.91 ± 0.72 6.43 ± 0.69 5.44 ± 1.12 

PMR 6.87 ± 0.53 7.00 ± 0.68 6.83 ± 0.57 5.16 ± 2.07 

 

Across all four speech tasks, depressed speakers exhibited higher AVQI measurements 

than non-depressed speakers (see Figure 9.27). The largest differences were seen within the 

sustained vowel task.  
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Figure 9.27: A bar chart of AVQI measurements between depressed (blue) and healthy (pink) participants over the four 

speech tasks. 

To check groupwise differences, a bootstrapped differences of trimmed means estimation 

was completed with results presented in Table 9.20 below. Depressed speakers, on average, 

produced speech samples that were 1.703 units higher than the control group. Groupwise 

differences for AVQI were highly significant in comparison to other variables examined within this 

experiment and were seen across all four speech tasks.  

Table 9.20: Trimmed mean differences between depressed and healthy speakers on AVQI parameter measurements, 

separated by speech task. 

AVQI Dog and Duck Free Speech Sentences Sustained 

Vowel 

Trimmed Mean 

Difference 

1.262 1.574 1.385 2.592 

95% Confidence 

Intervals 

0.918, 1.606 1.048, 2.100 0.965, 1.806 1.660, 3.523 

Test Statistic and 

p-value 

7.025, p <.001 5.769, p < .001 6.055, p < .001 5.533, p < .001 
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When inspecting differences by subtype, both psychomotor groups exhibited wide 

differences from the healthy control speakers. No cohesive pattern for these differences from the 

healthy speaker subset emerged, as the PMR group demonstrated the largest differences within 

the read speech tasks and the PMA group exhibited this for the sustained vowel task (see Figure 

9.28).  

 

Figure 9.28: A bar chart of AVQI measurements in healthy (pink), psychomotor agitated (PMA) participants (green) and 

psychomotor retarded (PMR) participants (blue). 
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Lastly, with respect to gender, males did tend to produce larger AVQI values than females 

for both the healthy and depressed groups (see Figure 9.29). However, this gender difference 

was less pronounced within the depressed speakers.  

 

Figure 9.29: Graphic representation of gender differences seen in AVQI measurements between depressed (blue) 

and healthy (pink) speakers, separated by gender and speech tasks. 
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9.6. Principal Components Analysis and Linear Mixed Regression Analysis 

Using the correlation matrix, a Bartlett’s Test was run to ensure that the matrix is not an identity 

matrix (i.e., one that contains variables that are not correlated at all). Bartlett’s Test of sphericity 

indicated that correlations between items were sufficiently large for principal component analysis 

(χ2 (45) = 3538.40, p < .001). The Kaiser-Meyer-Olkin (KMO; Kaiser, 1970) measure of sampling 

adequacy46 was also checked, yielding a good degree of common variance (overall KMO = 

0.736). Inspecting individual variable KMO values indicates that specific acoustic parameters (i.e., 

h1h2, h1h2 standard deviation) fell below the bare minimum of 0.5 put forward by Kaiser (1974), 

and therefore these were dropped at this stage from further analysis. The choice was also made 

to remove the AVQI variable given that it is a composition of several of the variables already being 

included in this analysis. A final rerun through the kmo() function and its results are presented in 

Table 9.21, below. Given that all included variables maintain a score above the minimum KMO 

threshold of 0.5, this provides confidence that the sample and data are adequate to complete a 

factor analysis. Removing the aforementioned variables returned an overall acceptable KMO 

value (0.789) according to guidelines put forward by Keiser (1974). 

Table 9.21: Kaiser-Meyer-Olkin (KMO; Kaiser, 1970) measures of sampling adequacy for selected acoustic parameters 

to be included in principal component analysis. 

KMO CPPS GNEmean HNR JitPPQ5 JitRAP 

 0.857 0.756 0.843 0.788 0.797 

KMO SDF0 Semitones Shimmer (local) Shimmer (dB) Slope Tilt 

 0.593 0.780 0.772 0.824 0.573 

 

 

 

 

 

                                                           
46KMO represents the ratio of the squared correlation between variables to the squared partial correlation 
between variables, and varies between 0 and 1. A value of 0 indicates that the sum of partial correlations 
is large relative to the sum of correlations (i.e., indicative that factor analysis is not appropriate given the 
diffusion in the pattern of correlations).  
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Finally, it is necessary to check the determinant of the correlation matrix. The value 

returned was greater than the necessary value of 0.00001. An initial analysis was run to obtain 

eigenvalues for each component within the acoustic dataset. Two components had eigenvalues 

over Kaiser’s (1974) criterion of 1 and in combination explained 76% of the variance within the 

data. A scree plot (see Figure 9.30) demonstrated inflexions that would justify using three 

components, and so this many were retained in the final analysis.  

 

Figure 9.30: A scree plot demonstrating an inflexion point at approximately three components. 

  In order to improve the interpretability of factors, a rotation method was chosen, which 

changes the absolute values of the variables while keeping their differential values constant. It is 

a reasonable suggestion that not all of the extracted speech parameters are correlated given the 

previously presented correlation matrix (see Figure 9.1 on p. 204), and therefore an orthogonal 

rotation was selected. Table 9.22 shows the factor loadings after rotation. The items that cluster 

on the same components suggest that component 1 represents aperiodicity within the speech 

signal, component 2 represents perturbation measures, and component 3 represents overall 

shape of the spectrum.  
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Table 9.22: Varimax rotated factor loadings for the three components in the final principal components analysis model. 

 Varimax rotated factor loadings 

Acoustic Parameter Component 1: 

Aperiodicity  

Component 2: 

Perturbation 

Component 3: 

Spectral Shape 

CPPS -0.892 -0.471 -0.452 

GNE Mean 0.157 0.738 -0.442 

HNR -0.920 -0.321 0.040 

Jitter (PPQ5) 0.820 0.706 0.153 

Jitter (RAP) 0.814 0.668 0.256 

Shimmer (local) 0.231 0.867 -0.089 

Shimmer (dB) 0.947 0.279 0.216 

SD F0 (Semitones)  0.956 0.235 0.226 

Slope -0.675 -0.214 -0.707 

Tilt 0.005 -0.254 0.895 

Eigenvalues 4.80 2.05 1.62 

% of variance 0.57 0.24 0.19 

Cumulative proportion 0.57 0.81 1.00 

NB: Factor loadings over 0.50 appear in bold 
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The component pattern matrix, along with component correlation information, is presented in 

Table 9.23.  

Table 9.23: Component pattern matrix for all parameters included in each component, along with communalities and 

uniqueness values. Correlation measures are provided in the lower portion of the table. Commonalities refers to the 

proportion of a variable’s variance that is common variance—a variable with no unique variance would have a 

communality of 1, whereas a variable that shares none of its variance with any other variable would have a communality 

of 0. Uniqueness refers to variance that is specific to a particular variable (i.e., is not shared with other variables).  

 Aperiodicity 

Component 

Spectrum 

shape 

component 

Perturbation 

Component 

Communalities Uniqueness  

CPPS -0.75 -0.23 -0.31 0.92 0.084  

GNEMean -0.02 0.72 -0.39 0.70 0.304  

HNR -0.99 0.05 0.25 0.90 0.096  

Jitter 

(PPQ5) 

0.64 0.48 0.06 0.87 0.127  

Jitter (RAP) 0.62 0.46 0.16 0.85 0.149  

SD F0 

(Semitones)  

-0.09 0.90 -0.01 0.76 0.241  

Shim (dB) 0.97 -0.06 0.01 0.90 0.099  

Shim (local) 1.00 -0.12 0.01 0.93 0.073  

Slope -0.53 -0.07 -0.60 0.80 0.203  

Tilt -0.13 -0.14 0.91 0.85 0.149 

Correlation Aperiodicity Perturbation Shape of 

Spectrum 

Aperiodicity 1.00 0.21 0.36 

Perturbation 0.21 1.00 -0.07 

Shape of Spectrum  0.36 -0.07 1.00 
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The following regression equations can therefore be utilised from this principal component 

analysis for use as outcome variables for subsequent regression analysis: 

(1) 𝐴𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑐𝑖𝑡𝑦 =  −0.892𝐶𝑃𝑃𝑆 − 0.920𝐻𝑁𝑅 + 0.820𝐽𝑖𝑡𝑃𝑃𝑄5 + 0.814𝐽𝑖𝑡𝑅𝐴𝑃 +

0.947𝑆𝐻𝐷𝐵 + 0.956𝑆𝐷𝐹0𝑆𝑇 − 0.675𝑆𝑙𝑜𝑝𝑒 

 

 

(2) 𝑃𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑜𝑛 = 0.738𝐺𝑁𝐸𝑀𝑒𝑎𝑛 + 0.706𝐽𝑖𝑡𝑃𝑃𝑄5 + 0.668𝐽𝑖𝑡𝑅𝐴𝑃 + 0.867𝑆𝐻𝐼𝑀1 

 

(3) 𝑆ℎ𝑎𝑝𝑒 𝑜𝑓 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 = −0.707𝑆𝑙𝑜𝑝𝑒 + 0.895𝑇𝑖𝑙𝑡 

 

Therefore, we can use these to calculate three components for inclusion in a mixed effects 

regression equation.  
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9.6.1. Linear Mixed Regression – Aperiodicity  

Linear mixed regression models were fit to each of the three components to check if 

diagnostic status was a significant predictor for each. Participants and task type were added as 

random effects. Models were checked against a baseline null model as well as a model that 

incorporated gender to assess interaction effects, using a log likelihood ratio test.  

The relationship between aperiodicity and diagnostic status significantly varied by 

participant (SD = 3.825) and by task (SD = 4.807). Diagnostic status significantly predicted 

aperiodicity, b = 7.460, t(17.260) = 4.030, p < .001 and significantly improved the fit of the model 

to the baseline random intercept only model (see Table 9.24). Adding gender as a predictor did 

not significantly improve the fit of the random effects only model (χ2 (5) = 2.205, p = 0.138), and 

thus was not included as a fixed effect in the final model.  

Table 9.24: Log likelihood ratio testing for baseline, random intercept online and groupwise models of the Aperiodicity 

composite measure. 

Model  DF AIC LogLik L.Ratio p-value 

Baseline 2 1868.128 -932.064   

Random Intercepts 

Only – Participant 

and Task  

4 1531.481 -761.741 340.647 < .001 

Group Added 5 1521.462 -755.731 12.019 < .001 

 

Depressed speakers exhibited speech that was 7.46 units more aperiodic (according to 

the composite aperiodicity measure created by the principal component analysis) than healthy 

speakers (see Figure 9.31). Alternatively, speakers with depression tended to exhibit more 

aperiodicity in their speech recordings, and this pattern was demonstrated across speech tasks, 

even while taking into consideration individual subject differences.  
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Figure 9.31: A demonstration of the differences between depressed (pink) and non-depressed speakers (blue) on the 

Aperiodicity composite measure, separated by speech task. 

9.6.2. Linear Mixed Regression – Perturbation 

As with the aperiodic composite measure, the effect of diagnostic status on perturbation 

was assessed with the same random effects (i.e., participant and speech task) as previous. 

Perturbation once again varied by participant (SD = 1.445) and task (SD = 1.959), and gender 

also did not significantly improve the fit of the model over the random intercept only model (χ2 (5) 

= 1.507, p = 0.220) and hence was dropped from further analysis (see Table 9.25). 

Table 9.25: Log likelihood ratio testing for baseline, random intercept online and groupwise models of the Perturbation 

composite measure. 

Model  DF AIC LogLik L.Ratio p-value 

Baseline 2 1383.349 -689.674   

Random Intercepts 

Only – Participant 

and Task  

4 1136.085 -564.042 251.264 < .001 

Group Added 5 1129.653 -559.826 8.432 0.004 
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Diagnostic status was once again a significant predictor of perturbation (b = 2.76, t(16) = 

3.267, p = 0.005) and significantly improved the fit of the model (χ2 (5) = 8.432, p = 0.004). 

Depressed speakers tended on average to produce speech recordings that were 3.267 units 

higher along the perturbation measurement (i.e., had more perturbation in the speech signal). 

This behaviour was exhibited across all four speech tasks (see Figure 9.32).  

 

Figure 9.32: A demonstration of the differences between depressed (pink) and non-depressed speakers (blue) on the 

Perturbation composite measure, separated by speech task. 

 

9.6.3. Linear Mixed Regression – Spectrum Shape  

The last variable to be assessed using a linear mixed effects model was Spectrum Shape, 

as comprised of the Slope and Tilt measurements extracted from speech recordings. This 

composite measure is slightly more difficult to interpret than the other variables of aperiodicity and 

perturbation. Smaller values reflect more spectral tilt (associated with vocal fold hyperadduction) 

and less spectral slope (associated with reduced laryngeal tension). Overall, spectral shape can 

be thought as being representative of overall laryngeal tension – with lower values representing 

less overall tension.  
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An ANOVA comparing baseline (intercept only), random intercept and added variable 

models was completed, with results presented in Table 9.26 below.  

Table 9.26:  Log likelihood ratio testing for baseline, random intercept online and groupwise models of the Spectral 

Shape composite measure. 

Model  DF AIC LogLik L Ratio p-value 

Baseline 2 1463.130 -729.565   

Random Intercepts 

Only – Participant 

and Task  

4 1160.024 -576.012 307.106  < .001 

Group Added 5 1147.057 -568.528 14.967 < .001 

 

Gender, once again, did not significantly improve the fit of the model over the random 

intercept one when added as a fixed variable (χ2 (5) = 0.001, p = 0.977). It was therefore dropped 

from further analysis. This measure significantly differed by diagnostic group (b = 4.705, t(16) = 

4.814, p < .001) with depressed speakers producing higher values than the control group across 

all four tasks (see Figure 9.33).  

 

Figure 9.33: A visual representation of the differences between depressed (pink) and non-depressed speakers (blue) 

on the Spectral Shape composite measure, separated by speech task. 
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9.7. Discussion 

Although speech has been described using a wide variety of acoustic parameters, many of 

these have not been checked in depressed speakers. As such, new potential vocal biomarkers of 

the condition may be overlooked in the literature. The aim of this experiment was to assess the 

differences between depressed and non-depressed speakers on several different measurements, 

and using a linear mixed effects model, assess whether depressive status was predictive of these 

parameters. Thirteen acoustic parameters were originally examined between groups, reducing 

down to three components using a factor analysis. A summary chart is presented in Table 9.27 

(pg. 262 below).  

Specifically on the aperiodicity measures, speech produced by depressed participants 

exhibited higher shimmer and jitter values, as well as lower CPPS measurements in comparison 

to healthy speakers. Results support previous findings of increased overall aperiodicity seen in 

depressed and suicidal individuals (e.g., Ozdas et al., 2004), potentially linked to physiological 

changes in blood pressure and muscular tone. As dopamine levels are affected in key motor 

pathways, depressed individuals may experience difficulties with motor coordination, and this may 

be indicated at the laryngeal level through more sporadic glottal opening and an inability to 

maintain steady frequency and amplitude in speech. 

Spectral slope and tilt were examined as a representative measure of frequency distributions 

within the spectrum, as well as overall spectral shape. Both slope and tilt were significantly 

affected in the depressed group as compared to healthy controls, with the former demonstrating 

decreased slope and increased tilt measurements. Findings support evidence from the one 

previous study examining spectral slope in clinical depression (Ozdas et al., 2004) where slope 

was significantly lower for depressed speakers as compared to either healthy controls or suicidal 

patients. As previously described, Lofqvist and Mandersson (1987) suggest that increased tilt 

measurements are typically seen in cases of vocal fold hypoadduction, where the vocal folds do 

not come together as quickly or to the same degree as typical adductive behaviour. H1h2 

measurements also appear to be somewhat influenced by depressive status, more so on its 

related standard deviation measure. H1h2 measurements significantly varied between depressed 

and non-depressed speakers on the sentences task alone, while its standard deviation measure 

only achieved statistical difference on the sustained vowel task. This lack of group-level 

differences may be due to the lack of inclusion of psychomotor profile as a differentiating 

characteristic within the depressed group. Higher H1h2 values were seen across all four speech 
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tasks for both measures within the psychomotor agitated group, a possible link to increased 

muscle tension at the laryngeal level; these differences were not exhibited within the PMR group. 

Additive noise measures, such as GNE and HNR, were selected to check for ‘turbulence’ in 

the speech signal as compared to periodic sound generated by the typical phonation process. 

Both measures were significantly affected within the depressed cohort, with this group exhibiting 

more turbulent noise than the non-depressed speakers. Once again, laryngeal control appears to 

be compromised as a possible side effect of motor incoordination and lower muscle tone, 

commonly exemplified in clinical depression (e.g. Ozdas et al., 2004). While it is unclear as to 

whether this can be attributed to inadequate glottal closure or aperiodic glottal cycles, it does 

suggest that depressed speakers have less control over their laryngeal mechanism than non-

depressed individuals. 

These additive noise measures have also explicitly been linked to certain vocal quality types, 

with both HNR (Yumoto et al., 1984) and GNE (Michaelis et al., 1997) being seen in hoarse 

voices. It may be that the individuals within this study happened to have more hoarse voices as 

a result of antidepressant ‘dry mouth’ effects, or hoarseness may be directly linked to 

psychomotor changes in depression. Results warrant further analysis where antidepressant 

treatment type is controlled. .  

Intonation was also affected as a result of depression, with the depressed speakers in this 

study demonstrating less F0 range on the Dog and Duck and free speech tasks than their non-

depressed counterparts. Given that these tasks took longer to complete than either the sentences 

or sustained vowel task, it is likely that they required more cognitive resources, such as attention, 

to complete. This is particularly true for the free speech task, where participants were asked to 

speak without a script for thirty seconds. It is possible that the additive cognitive load required for 

such tasks may have affected the ability of a speaker to vary their F0 range as widely as non-

depressed speakers. In the Dog and Duck story task, this group-level difference was nearly an 

entire semitone (-0.738 semitones). The effect of depression on F0 range is well-established 

within the literature, with ‘monopitch’ being used to describe depressed speech for the better part 

of a century (e.g., Kraeplin, 1921). Contextualising this result within those from other acoustic 

measurements in this experiment, laryngeal tension and muscular control may once again be 

influential in these F0-related variations (Chhetri, Neubauer and Berry, 2011). Specifically, F0 

control is maintained through balance of the antagonistic cricothyroid and thyroarytenoid muscles, 

and a concomitant increase in both of these is thought to be necessary for maintenance of a 

desired F0 (Chhetri et al., 2011). It is possible that the limited cognitive resources available to 
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depressed speakers as a result of their condition may cause deficits in their ability to control F0 

range, particularly in light of the multiple muscular groups required in the maintenance of F0.  

These behaviours may also be compounded by neurobiological changes within the anterior 

cingulate cortex and prefontal cortex, those regions implicit in emotional regulation and affect. 

‘Sad’ expressions, as well as those associated with ‘low arousal’, have often been linked to falling 

F0 contours or reduced F0 variability (cf. Bunziger and Scherer, 2005). When looking back at 

results from this experiment, it is clear that the majority of the differences between healthy and 

depressed speakers on F0 range were mainly being driven by the psychomotor retardation 

speaker group; that is, if a depressed individual exhibited more symptoms of psychomotor 

retardation, they tended to produce less F0 range. In contrast to this, those with PMA47 

demonstrated non-significant but higher maximum F0 SD values than healthy speakers across 

all four speech tasks. Evidence from this experiment therefore fit well within the established 

literature of muscular control deficits in depression, as well as potential arousal differences 

associated with affect-related speech processes.  

The current study revealed significant differences between depressed and control speakers 

for measures of aperiodicity, perturbation and spectral shape. Diagnostic group was a significant 

predictor for all three composite measures, and outperformed gender as a fixed factor in 

comparison to baseline models ‘goodness-of-fit’. Speakers with depression exhibited more 

aperiodicity and perturbation than non-depressed participants, and had significantly different 

slope and tilt composite measures, alluding to increased laryngeal tension and instances of vocal 

fold hypoadductive behaviour. Given the neurobiological changes associated with depressive 

status (and detailed in section 1.4.2, see pg. 7 above). Differences between non-depressed and 

depressed speakers tended to emerge, on average, more so for the complex speech tasks (i.e., 

free speech and read sentences), arguably providing evidence for these motor planning tasks 

requiring more cognitive resources as they involve multiple articulators. However it is also 

important to highlight where this was not the case—speakers with depression demonstrated more 

differences from their non-depressed counterparts on steady state vowels for perturbation 

measures and AVQI. Lengthier vowel sounds may provide more opportunity to display shimmer 

and jitter measures in the first instance, as switching between speech sounds may mask this 

measure in tasks such as read speech. The task difference in AVQI is more difficult to interpret, 

                                                           
47 Speakers with PMA in this study might be analogous to the ‘high arousal’ sad speaker group recruited in Bunziger 
and Scherer (2005). These speakers demonstrated increased F0 ranges within the study, and therefore may 
represent a different category of speakers than those with ‘low arousal’ (i.e. similar to the PMR speakers in this 
study). 
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but there may be a reason for this pattern. The confidence intervals for depressed individuals on 

this measure were the widest for sustained vowels, indicating individual variability in the 

measurement of this variable. This irregularity in performance may cause more differences to be 

captured between the two speaker groups, and it is preferable to choose other parameters with 

smaller confidence intervals (i.e., more precise measurements) for assessment of between-group 

disparities. 

Ultimately, the maintenance of careful control over laryngeal and articulator tension is required 

to manage levels of aperiodicity and perturbation within the speech signal, and this is clearly 

impacted in clinically depressed speakers over a variety of speech tasks.  
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Table 9.27: Summary results of trimmed mean difference estimations for thirteen parameters extracted from speech recordings. 

MEASURE SIGNIFICANTLY 

AFFECTED IN 

DEPRESSION 

AVERAGE 

DIFFERENCE48  

SYMPTOM SEVERITY 

CORRELATION?  

SPEECH TASKS 

EXHIBITING 

DIFFERENCES49 

PSYCHOMOTOR EFFECTS? GENDER EFFECTS? 

AVQI Yes 1.703 Yes (0.72) All  PMR > PMA > Control Males > Females50 

CPPS Yes -2.582 Yes (-0.75) All Control > PMA and PMR None 

F0 RANGE 

(SEMITONES) 

Yes -0.37951 No DD, FS PMA > Control > PMR Females > Males 

GNE Yes -0.058 Yes (- 0.61) All  PMA > PMR > Control Males > Females51  

H1H2 Possibly -  No ST PMA > PMR and Control  -  

H1H2 STD 

DEV 

Possibly -  No SV -  -  

HNR Yes -1.865 No FS, ST, SV Control and PMA > PMR Females > Males 

JITRAP Yes 0.00298 No All PMR > PMA > Control Males > Females 

JITPPQ5 Yes 0.00225 No FS, ST, SV PMR > PMA > Control Males > Females 

SHIM 

(LOCAL) 

Yes 3.355 No All PMR > PMA > Control  Males > Females?  

SHIM (DB) Yes 0.289 No All PMR > PMA > Control Males > Females 

SLOPE Yes -5.078 Yes (-0.71) All Control > PMA > PMR Females > Males51 

TILT Yes 0.877 Yes (0.57) All PMA > PMR > Control  Females > Males52 

 

                                                           
48 Between depressed and non-depressed speakers, to be interpreted as difference from non-depressed speech baseline.   
49 DD = Dog and Duck, FS = Free Speech, ST = Sentences and SV = Sustained Vowel phonation.  
50 Only in non-depressed group (i.e., gender differences are minimised in depressed speaker group).  
51 Increased difference to -0.512 semitones when excluding the sustained vowel task, where F0 range is not as meaningful of a parameter to extract.  
52 Only in depressed group (i.e., differences were minimised in non-depressed speaker group).  
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9.8. Conclusion  

Findings from this experiment shed further light on the effects of depression on speech 

production, providing insight into likely neurobiological and/or physiological changes occurring 

behind the scenes in the condition. These results provide evidence for muscular coordination 

deficits and cognitive resource difficulties accompanying the depression, which have far-

reaching effects on the voice from a variety of acoustic parameters. Although limited by the 

small sample size, results nevertheless provide evidence that depressive status affects 

acoustic parameters across various process of speech production and speech tasks, and that 

some may be more sensitive to the effects of depression than others. Results from this 

experiment will go on to be incorporated into the Integrated Model of Depressed Speech (see 

next chapter) and should inform future research in the choice of parameters when investigating 

differences both between groups of depressed and healthy speakers and within-person 

speech changes over the course of a depressive episode.  
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10. Chapter 10: Working Towards an Integrated Model of the 

Effects of Depression on Speech  

10.1. Introduction 

This investigation into the characteristics of speakers with clinical depression represents 

one of the first to assess speech from a multi-faceted view, incorporating multiple speech 

processes and tasks for analysis as well as multiple speech processes. Articulation and 

phonation represent two relatively unexplored areas of research within the search for vocal 

biomarkers of clinical depression. When combined with previous findings, results from this 

dissertation progress further towards developing an integrated working model of speech-

related changes with this diagnosis, and will assist researchers in developing hypotheses for 

future work.  

An initial model incorporating findings from previous and current experimental studies is 

presented in Figure 10.1 to Figure 10.4 (from pages 271 to 274). This represents a cohesive 

integration of results spanning across different speech processes and will be described in 

further detail below. It is anticipated that this model will be used to test hypotheses and be 

updated as research provides further clarity on physiological changes associated with 

depression and more robust links to downstream, motoric and vocalic effects of the condition.  

10.2. Theories Revisited 

As introduced previously (see p. 30), Ellgring and Scherer (1996) postulated three 

categories of theories examining the underlying causes of depressive effects on speech: 

psychomotor retardation, cognitive and social-emotional hypotheses.  

Drawing evidence from previous literature and the experiments within this body of 

work, there is little to support the idea of a solely ‘cognitive’ view of speech changes occurring 

with depression. That is, core attentional and planning deficits are likely not the only causes 

of depressive effects on speech such as slower articulator velocity, increased phonatory 

perturbation and other articulatory changes. The “cognitive” theory does appear to be 

applicable when discussing changes occurring as a result of improvement to antidepressant 

therapy (see Chapter 4), as temporal based measures (e.g., speech rate) demonstrated the 

only fluctuations related to treatment— potential evidence that therapy impacts “cognitive” 

symptoms of speech such as speech planning but not physiological symptoms such as 

impaired motor control.  

Ellgring and Scherer’s (1996) psychomotor retardation theoretical category suggests 

an overarching impairment in motor functions due to clinical depression, and that these occur 
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regardless of speech material and underlying emotion or symptom severity. Indeed, certain 

articulatory parameters such as low and back vowel productions, and velocity of diphthong 

productions along the first formant axis suggest that motor coordination and execution of 

commands are impaired in depressed speakers. In addition to this, group-level differences in 

acoustic variables were often demonstrated all four speech tasks; that is, as a depressed 

speaker exhibited differences along one type of task, they were also likely to exhibit this 

behaviour across others, lending credence to the idea of motoric deficits occurring across 

various speech material.  

The splitting of depressed speakers into groups based on psychomotor profiles also 

appeared to uncover underlying patterns in articulatory behaviours. Given that this was a pilot 

project and these subtype groups were not controlled for at the recruitment stage, further 

investigations are required before making firm conclusions. However, initial results are 

promising and provide support to earlier subtyping studies (e.g., Alpert et al., 2001).  

Findings from neuroimaging studies also support the idea of a motoric component to 

depression as well, with areas such as the basal ganglia exhibiting circuity changes. Other 

studies (cf. Bennabi et al., 2013) also point to gross and fine motor effects occurring in patients 

with psychomotor retardation. However, the motor changes exhibited by depressed speakers 

appear to be more nuanced than previously thought. Overall vowel space, for example, is not 

entirely affected due to the asymmetric effects of the condition on specific vowels – specifically 

low and back vowels which require more articulatory coordination and control due to coupling 

of tongue and jaw movements. Additionally not all diphthongs under investigation 

demonstrated reductions in range and speed of articulatory movement; specifically the 

diphthong (i.e. /aɪ/) requiring increased transition along the first formant axis appeared to be 

the most affected in clinically depressed speakers. In short, articulatory movements that 

require greater biomechanical coupling—and therefore more linked to gestures along the first 

formant axis—are asymmetrically affected by clinical depression.  

Ellgring and Scherer’s (1996) third and final social-emotional hypothesis posits that 

observed changes in depressed speakers are due to both cognitive and psycho-physiological 

mechanisms. If this theory were solely used to explain the aforementioned results, speech 

changes in depressed speakers would co-occur with variation in symptom severity scores (i.e., 

QIDS scores). Although this was the case for certain acoustic parameters (see Table 9.27, p. 

262), it was not seen across all measures under investigation. For example, none of the vowel 

space area measures (see Table 6.4, p. 108) were significantly correlated with symptom 

severity. As such, this theoretical category may be applicable when examining specific 

acoustic parameters but not articulatory or phonatory measures. 
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Ultimately, a combination of motor and cognitive impairments are likely the underlying 

causal factor behind the changes demonstrated in this work and elsewhere. Drawing upon 

previous work such as Lindblom’s (1990) theory of hypo- and hyper-speech, it is possible that 

individuals with depression are able to cognitively appraise communicative scenarios, assess 

articulatory, phonatory and temporal requirements of their required speech output, and 

engage in the least amount of motoric output necessary to convey their message. Lindblom’s 

(1990) work would suggest that this behaviour occurs in instances where the speaker has 

limited cognitive resources, such as clinical depression. Modelling speech along a continuum 

from hypo- to hyperspeech, this would place depressed speakers closer to the hypo- endpoint, 

although these individuals would perceivably still fall within the ‘normal’ range of articulatory 

and phonatory outputs. In other words, intelligibility, overall voice quality and phonemic targets 

would not be considered abnormal enough to impair comprehension to communicative 

partners of depressed speakers. This is contrastive to other dopaminergic-related conditions, 

such as Parkinson’s disease, where speech and intelligibility do in fact alter speech processes 

to the point of being dysphonic or atypical to a listener’s ear. This has implications for the 

ability of machine learning applications to ‘pick up’ on cues from speech for the automation of 

diagnosis and treatment response assessment in clinical depression, as depressed speakers 

still remain within the realm of typical speech (see section 10.4, see pg. 280 below). 

It is also important to note that the effects of depression on speech also co-occur with 

other extraneous variables, including: 

 Idiosyncratic and sociolinguistic speech behaviours  

 Biological considerations (e.g., age, gender, etc.) 

 Severity of depressive symptoms (which may exacerbate specific speech 

measurements, e.g., phonatory measures such as slope and tilt) 

 Communicative requirements of the speech task at hand (e.g., ranging on a 

continuum from high to low) 

 Psychomotor subtype of depression 

10.3. A Working Model of Depressed Speech 

In an effort to map out the changes occurring in speech as a result of clinical depression, 

a working model has been collated with evidence from this and other pieces of work. The 

objective is to outline speech and vocalic parameter variation as a function of underlying 

symptoms and physiological changes exhibited in depression.  

10.3.1. Physiological Changes in Depression  

Due to physiological changes associated with depression, speech has long been 

thought to be a sensitive output measure for the condition. Previous studies have shown that 
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many different aspects of speech can be affected in depression (e.g.,  pitch, loudness, pausing 

behaviour, etc.) to different extents and potentially, based on different symptom profiles (e.g.,  

Alpert et al., 2001, Trevino et al., 2011). For this reason, changes between depressed and 

healthy speakers may provide information on underlying variations in the condition itself (e.g., 

treatment response, worsening of symptoms, etc.).  

 Although direction of causality cannot be inferred from cross-sectional neurobiological 

or imaging studies, it is apparent that changes are occurring in specific functional areas of the 

brain (see section 1.4.2 for more details). Specifically, those areas relating to motor planning 

and coordination, sympathetic arousal (linking to muscular tension) are thought to be affected, 

as well as higher-level areas such as the prefrontal cortex, which are tied to emotional 

processing, cognitive appraisal and executive decision making. All of these have downstream 

effects on a variety of behaviours, including speech.  

10.3.2. Observable Symptoms and Speech Behaviours in Depressed Speakers  

The aforementioned neural changes manifest as observable symptoms in individuals with 

clinical depression.  

Hyper- and bradykinesia have been identified as potential symptoms in psychomotor 

agitated and retarded patients, respectively, and each is linked with a distinctive profile of 

speech and vocal quality changes53. Hyperkinesia, often manifested in patients with 

Huntington’s disease (e.g., Bordelon, 2010), is described as a state of excessive restlessness 

and is assessed in rating scales of depression through questions relating to agitation or the 

inability to sit still. Excessive movements can exacerbate difficulties in expressing the motor 

commands required for typical speech production, resulting in ‘online’ inflexibility after a 

speech sound in initiated. This can be demonstrated in behaviours such as articulatory 

‘overshoot’ of vowel productions. Within this work, speakers with psychomotor agitation 

tended to produce diphthongs further along F2 than the non-depressed or psychomotor 

retarded speaker groups (see Chapter 8: Diphthong Productions in Depressed and Healthy 

Speakers). Additionally, this set of speakers also engaged in back vowel productions that were 

further forward and higher up within the vowel space (particularly /æ/) than the other groups 

(see Chapter 7).  

On the other side of this continuum, bradykinesia can be used to describe the speech 

behaviour of those with psychomotor retardation symptom profiles. This overall reduction in 

movement is also assessed on standard depression rating scales and can also be seen in 

other clinical conditions such as Parkinson’s disease. This lack of movement, as well as 

                                                           
53 For example, these are listed as key questions within the diagnostic criteria for clinical depression in the 
Hamilton Depressing Rating Scale (Hamilton, 1970).  
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difficulty initiating motor commands, can lead to overall decreases in the range of articulator 

movement as well as an increase in the time required to complete a desired phonemic 

sequence.  

Adding to this motoric component of depression are symptoms of muscle tension and 

changes in motor coordination (cf. Bennabi et al., 2013). Together, these symptoms have 

widespread effects on the final speech output.  

Results from this work and others (e.g., France et al., 2000; Mundt et al., 2012; Tolkmitt et 

al., 1982) suggest that articulation along the first formant is disproportionately affected in 

clinical depression. Given that facial and muscular tension are often linked with depression, 

this is not an unexpected result, with the jaw and other articulators likely being significantly 

impacted. The subsequent downstream speech changes include flatter transitions in those 

diphthongs requiring additional movement along F1, as well as low and back monophthongs 

occurring in more centralised positions within the vowel space. Miley et al., (2021) also 

demonstrated that depressed speakers were more likely to exhibit pre-release frication prior 

to voiceless plosives, a likely consequence of either reduced gestural speed or decreased 

range of movement of the tongue. If the tongue is not meeting point of closure within the oral 

cavity, or is not arriving at that space at the correct time in coordination with other articulatory 

gestures, then frication occurs prior to plosive release.  

Total Acoustic Volume (AV) has also been found to be reduced in depressed speakers, 

and this effect changes in line with increasing levels of symptom severity (Cummins et al., 

2014). Some authors posit that these findings are resultant of greater overlap of phonemes 

within a speech segment. If this is the case, individuals with depression will also exhibit deficits 

in their coordination of articulators including the larynx, particularly in measures of voice onset 

time (VOT)54. However, no evidence for gestural overlap in diphthong productions was found 

in the current study (see Chapter 8), with onset and transition segments being largely similar 

between diagnostic groups. It may be that overlap does increase in speakers with quite severe 

depression; within the present study, the majority of depressed participants exhibited mild to 

moderately severe symptom profiles. Use of differing speech material to assess overlap could 

also be a confounding variable, as the investigation of gestural transitions in this pilot study 

was limited to two diphthong productions within the context of read sentences, a task where 

speakers tend to enunciate clearly as compared to free speech.  

                                                           
54 Recall that Flint and colleagues (1993) found evidence to suggest that VOT decreased in speakers with 

depression, irrespective of consonant under investigation which was attributed to increased laryngeal rigidity and 
narrower glottal opening. 
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Increased muscular tension and reduced control also has an effect on phonatory 

processes, leading to an increase in laryngeal tension, subglottal pressure and inadequate 

vocal fold closure. These changes can be measured through parameters such as decreased 

Smoothed Cepstral Peak Prominence, increases in perturbation measures such as jitter and 

shimmer as well as more noise than harmonicity within the signal (i.e., Harmonic to Noise 

ratio). Likewise, increased laryngeal tension and subglottal pressure can cause changes of 

energy distributions within the speech signal, causing changes in slope and tilt measurements. 

Similarly, the type of phonation may be affected in depressive speakers, including engaging 

in more tense or breathy vocal qualities. Measures such as NAQ (Scherer et al., 2013), linked 

to these phonation types, have been found to be increased in speakers with depression 

indicating a propensity to utilise these phonatory behaviours.  

Limbic system and basal ganglia deficits often seen in the condition can also compromise 

vocal prosody. For example, previous findings suggest that individuals with focal basal ganglia 

lesions spoke with less emotional expressiveness (Bhatia and Marsden, 1994). Researchers 

attributed this to damage within the caudate nucleus, globus pallidus or the putamen (e.g., 

(Fisher, 1983).  

The effects of depression on cognition also produce observable changes in speech 

planning and semantic choices. While it is the case that speech time is increased in 

depression, this is due to marked changes in pausing behaviour and speaking rate. This 

propensity to pause more also is an effective biomarker of treatment response, with 

antidepressant therapy demonstrating marked decreases in pausing measurements (see 

Chapter 4).  

The ability to plan motoric commands and speech segment sequences may also result in 

variability regarding choice of words. Semantic abnormalities have already been 

demonstrated in previous studies as depressed speakers tend to use  words with more 

negative connotations (Tausczik and Pennebaker, 2010) as well as more absolutist words (Al-

Mosaiwi and Johnstone, 2018). Presumably, this may also extend to word choices where 

articulatory complexity is reduced (cf. Kent, 1992), where depressed speakers may choose  

words requiring less cognitive and articulatory resources. Further investigation of this is 

necessary in future studies.  

 Finally, biological changes within neural areas responsible for executive decision 

making and emotional processing (e.g., prefrontal cortex structures) are also evident in 

individuals with depression (see Chaper 1). Emotional dysregulation and/or increased arousal 
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might be one causal factor of the often-cited symptom of monopitch55 in depressed speakers, 

where F0 range is restricted producing prosodic abnormalities. Findings from complementary 

production studies employing voice actors to assess the effects of emotions on pitch suggest 

that ‘sad’ speech is often linked to higher frequency levels and more restricted standard 

deviations of frequency (i.e. reduced range) (e.g., Rodero, 2011). Listeners are also highly 

adept at identifying emotion from recordings, suggesting that humans are skilled at encoding 

and decoding this information within the speech signal, and particularly within pitch variation. 

Indeed, F0 range within this study was decreased in those participants with depression, 

although previous studies have found conflicting results for F0 standard deviation changes in 

depression (e.g. Alpert et al., 2001; Mundt et al., 2007; Mundt et al., 2012). As discussed 

earlier, this may be due to a lack of standardised speech material used for investigation, as 

well as not using a  normalisation technique such as semitone conversion for comparison 

between individuals.  

10.3.3. Affected Speech Variables 

As described in the previous section, a wide variety of speech variables have been 

found to vary as a result of depressive status. Table 10.1 presents a summary of measures 

previously investigated in the literature, with associated suspected causal mechanisms to 

explain the variation.  

                                                           
55 Pitch control is also affected by active (i.e., muscular) and passive (i.e., mass, temperature, viscoelastic 
properties) mechanisms which exert separate and coordinative effects to determine actual frequency of the 
vocal folds.  
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Figure 10.1: A working model of the effects of depression on speech variables, with white matter lesions singled out for 
closer inspection. 
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Figure 10.2: A working model of the effects of depression on speech variables, with decreased dopamine in the nigrostrial 
pathway and basal ganglia singled out for closer inspection. 
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Figure 10.3: A working of the effects of depression on speech variables, with cortisol hypersecretion in HPA axis singled out 
for closer inspection. 
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Figure 10.4: A working model of the effects of depression on speech variables, with overall reductions in the hippocampus, 
Anterior Cingulate Cortex (ACC) and Prefrontal Cortex (PFC) singled out for closer inspection. 
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Table 10.1: Description of speech variables affected in depression, with listed suspected causal mechanisms and references to previous studies. 

Variable Description Changes in Depression Cited Suspected Causal 

Mechanism  

References 

Acoustic Volume 

Measurements  

Phonetic events within a feature space Decreased local acoustic 

variance. 

Decreased muscle control and 

tension, as well as reduced 

cognitive ability  

Cummins et al., 2015 

Cummins et al., 2017 

Aperiodicity measures 

(jitter and shimmer) 

Small cycle-to-cycle variability in period 

length (jitter) and amplitude (shimmer) 

Increased in depressed 

speech 

Less motor coordination and 

laryngeal control, leading to 

variability in vocal fold adductive 

behaviour between cycles 

Honig (2014) 

Ozdas et al., 2004 

Quatieri and Malyska, 2012 

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

Articulatory complexity in 

word choice  

Increasing level of motor demands 

presented by varying speech sounds 

Decreased in depressed 

speakers 

A combination of cognitive and 

motoric changes that negatively 

affect the motor system 

executive speech planning 

commands. Cognitive appraisal 

of communicative demands also 

may play a role through the use 

of ‘hypospeech’ 

Stasak et al., 2017 

Articulatory Gestural 

Transitions 

Transitory movements within the vowel 

space between speech sound 

segments. Also called Acoustic 

Trajectory by some researchers.  

Smoothed acoustic 

trajectory and shorter range 

of transitory movements 

Muscular tension and motoric 

coordination deficits 

Cummins et al., 2015 
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Articulatory Overshoot Transitioning ‘past’ a target within the 

feature space to produce an extreme 

phoneme.  

Increased likelihood in 

depressed speakers, 

particularly those with 

psychomotor agitation 

Cognitive rigidity not allowing for 

the ‘online’ adjustments of 

articulator movements 

See Chapter 8: Diphthong 

Productions in Depressed and 

Healthy Speakers 

Articulatory Velocity  Speed of articulators within the feature 

space 

Decreased in depressed 

speakers, particularly those 

with psychomotor 

retardation 

Motor coordination deficits, 

compounded by articulatory 

complexity through inclusion of 

multiple articulators (e.g.,  jaw, 

lips) 

See Chapter 8: Diphthong 

Productions in Depressed and 

Healthy Speakers 

Back/low vowel F1  First formant measures on back and low 

vowels such as /æ ɒ ɔ/ 

More centralised (i.e., 

decreased)  

Motor coordination deficits, 

compounded by articulatory 

complexity through inclusion of 

multiple articulators (e.g.,  jaw, 

lips) 

Tolkmitt et al., 1982 

Vicsi et al., 2012 

Cepstral Peak 

Prominence  

Distance between the first rahmonic 

peak and the point with equal quefrency 

on the regression line through the 

smoothed cepstrum  

Increased in depression Less periodicity in speech signal 

resulting from laryngeal instability 

and lack of motor control  

Williamson et al., 2014 

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

F0 Range Pitch movements (minimum and 

maximum values)  

Decreased in depression – 

possibly only in females? 

A combination of emotional 

dysregulation and laryngeal 

tension 

Ellgring and Scherer, 2015 

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

Glottal noise excitation Amount of excitation (or noise) due to 

vocal fold behaviour in comparison to 

excitation produced by turbulent noise 

Increased in depression Inadequate closure of the vocal 

folds (i.e., more open and 

turbulent) resulting from 

laryngeal tension and muscular 

control 

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

Harmonics to noise ratio Ratio comparing the relative periodic 

component that is the same from cycle 

Decreased harmonic 

component in depression 

Inadequate closure of the vocal 

folds (i.e., more open and 

Quatieri and Malyska, 2012  
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to cycle, to the additive noise 

component that has a zero-mean 

amplitude distribution 

as compared to additive 

noise 

turbulent) resulting from 

laryngeal tension and muscular 

control  

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

Loudness Measured by intensity or energy within 

the speech signal, usually in dB 

Potentially decreased in 

depression, albeit 

increasing with lesser 

symptom severity. Some 

studies unable to find 

differences in depressed 

speakers. 

Less breath support and 

subglottal pressure, likely a result 

of increased muscular tension 

Alpert et al., 2001 

Darby et al., 1984 

Kuny and Stassen, 1993 

Normalised Amplitude 

Quotient 

Ratio of the maximum peak-to-peak 

amplitude of the glottal flow to the 

minimum of the glottal flow derivative 

Increased in depressed 

speakers 

Less phonatory control leading to 

breathy or tense vocalic quality 

Scherer et al., 2013 

Pausing behaviour Time spent between phonation or 

utterances 

Increased in depressed 

speakers 

Deficits in speech planning and 

articulatory slowing as a result of 

decreased motor coordination  

Godfrey and Knight, 1984 

Hardy et al., 1984 

Hollien, 1980 

Mundt et al., 2007 

Mundt et al., 2012 

Szabadi et al.,1976 

Phoneme durations Length of time to complete a phonemic 

segment 

Previous studies suggest 

this is increased in 

depressed speakers, but no 

evidence for this was found 

in the present work 

Reduced articulatory gestural 

coordination and speed, 

requiring more time to execute 

motor sequences for speech 

production 

Honig et al., 2014 

Trevino et al., 2011 
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Pre-release frication 

before plosives  

Articulatory closure proficiency measure 

assessing adequate oral closure via the 

presence or absence of frication prior to 

closure release.   

Increased in depressed 

speakers. 

Motoric coordination deficits 

causing decreases in articulatory 

range of movement and strength 

of gestures.  

Flint et al., 1992 

Miley et al., 2021 

Semantic choices – 

pronoun use, ‘negative’ 

connotation and 

absolutist words  

Choice of words conveying negative 

emotions (e.g.,  ‘lonely’, ‘sad’), 

increased used of first person pronouns 

(‘I’, ‘myself’) and words which convey 

magnitudes or probabilities (e.g.,  

‘always’, ‘nothing’, ‘completely’)  

All increased usage in 

depressed individuals, as 

measured from online 

mental health forums  

Cognitive distortions causing 

more polarized and dichotomous 

thinking patterns, and cognitive-

rigidity.   

Al-Mosaiwi and Johnstone, 2018 

Spectral slope General spectral slope of long-term 

average spectrum 

Decreased in depression Excessive tension and 

incoordination of laryngeal 

musculature, as well as 

subglottal pressure 

Ozdas et al., 2004 

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

Spectral tilt Spectral trendline inclination of long-

term average spectrum 

Increased in depression Excessive tension and 

incoordination of laryngeal 

musculature, as well as 

subglottal pressure, leading to 

vocal fold hypoadduction.  

See Chapter 9: Factor Analysis of 

Depressed Speech and Fitvoice 

Measurements 

Speech rate  Number of syllables or phonemes per 

second 

Decreased in speakers with 

depression 

A combination of cognitive (i.e., 

speech planning) and motor 

coordination deficits (i.e., motor 

commands) 

Alpert et al., 2001 

Cannizzaro et al., 2004 

Darby and Hollien, 1977 

Mundt et al., 2007 

Mundt et al., 2012 

Voice Onset Time Length of time between the release of a 

plosive and the onset of vocal fold 

vibration 

Possibly increased in 

depressed speakers 

Rigid laryngeal tone, resulting in 

a narrow glottal opening after 

normal abduction 

Flint et al., 1993 
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Vowel space at back of 

oral cavity 

Area calculated between vowel tokens 

within the oral cavity 

Decreased in depressed 

speakers 

Increased muscular tension and 

deficits in motor coordination 

causing less range of movement 

in articulatory gestures 

Scherer et al., 2015 

See Chapter 6: Vowel Space Area 

in Depressed and Healthy 

Speakers 
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10.4. Potential for mHealth Applications and Clinical Implications 

There currently exists a large number of research groups attempting to automate the 

diagnosis and evaluation of symptom severity in mental health conditions including 

depression. Research in this area is also gaining traction through conferences and 

symposiums. For example, every year the Audio/Visual Emotion Challenge and Workshop 

(AVEC)56 challenges computer scientists and other researchers to use artificial intelligence 

(e.g., machine learning algorithms and computer vision/pattern recognition) to automatically 

detect depression and symptom severity scores. One of the most recent attempts has been 

quite successful, boasting a concordance correlation coefficient of 0.403 in their final testing 

set, demonstrating an absolute improvement over the challenge baseline (Rodrigues Makiuchi 

et al., 2019). To date, none has examined treatment response and non-response in 

depression, possibly due to a lack of publicly available datasets.  

The full list of parameters reviewed in this body of work (see Table 10.1) is clearly too 

large a number to include in these type of applications. The feasibility of using each parameter 

varies widely as well; some of these are easy to extract using free software such as Praat and 

are robust in the face of high amounts of background noise. Others, such as vowel formant 

measurements or diphthong gestural measurements, require a large amount of time to label 

onset and offset points and write specialised code for extraction. Although forced alignment 

programs are widely available for certain operating systems and best practice 

recommendations are available (e.g., Gonzalez et al., 2020), these also require manual 

checking of segment borders as errors do occur across manner of articulation and following 

vowels. Cumulatively, these considerations can cause issues when dealing with larger 

datasets, especially those with multiple types of speech material or free speech tasks, which 

require additional transcription-related resources. As such, certain acoustic parameters are 

more apt for vocal biomarker use in clinical environments, where resources may already be 

limited.  

Outside clinical settings, longitudinal voice monitoring for mental health conditions has 

great potential as a diagnostic self-help and clinical research tool. As technology advances in 

the field of ubiquitous computing, the prospect of using speech and voice recordings in this 

manner becomes ever more realistic. The use of mobile health (mHealth) for such a purpose 

is also becoming more of a reality considering the saturation of mobile health applications in 

today’s smartphone app stores.  Through the analysis of longitudinal speech output, clinical 

trajectories can be assessed, resulting in a better consideration of causal mechanisms and 

correlates of specific depressive symptoms. Data from mobile technology are being 

                                                           
56E.g.,  http://sspnet.eu/avec2011  

http://sspnet.eu/avec2011
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increasingly used to fill this gap, but further work is needed to inform our understanding of 

biological processes that drive these conditions, potentially leading to increased early 

detection of acute symptoms and prevention of acute care utilisation. 

From this body of work, certain parameters are clear choices in the inclusion of mHealth 

options for self-monitoring of symptoms. As evidenced in Chapter 4, measures pertaining to 

timing have robust correlations with changes in depressive symptom scores and should be 

considered as prime candidates for inclusion in any algorithms. Those parameters identified 

in Chapter 9 as having strong correlations with symptom severity scores (see Table 9.2, p. 

207) should also be evaluated as contenders for inclusion where appropriate. Ultimately, 

future researchers have a plethora of options from which to choose for vocal monitoring of 

biomarkers of depression—final choices will be coloured in light of data collection methods, 

environmental noise considerations, and analytical resources. 

10.5. Limitations of Current Study 

Several limitations do arise within the current study design, potentially affecting the validity 

of results. Firstly, the small sample size, a common attribute of phonetic studies, can limit the 

generalisation of results to wider populations. It is also difficult to make robust claims about 

the importance of psychomotor profiling in such a small sample but patterns do appear, even 

within this small group of speakers. Further analysis is warranted in a larger, balanced sample 

of individuals with both psychomotor agitation and retardation. 

Accents were also not controlled for; this is a particularly complex issue for researchers 

within Europe and the United Kingdom, where accents vary considerably from coast to coast. 

Future studies within these countries could include different subgroups of accents to assess 

sociophonetic variations of speech output. It is important to note that despite the multi-dialectal 

nature of the participants in this study, robust differences were identified between depressed 

and non-depressed individuals. It may be that depression transcends any effects that accent 

may have on articulatory or phonatory behaviours but this will need to be examined, once 

again, in a larger and balanced sample.   

Lastly, medication use was also not controlled for in this study. Many participants in 

the study were in the process of adjusting medication, or had difficulties recollecting specific 

information about their treatment plan. Several common depressive medications list dry mouth 

as a side effect, although the risk is higher for some categories of antidepressants over others 

(e.g., Cappetta et al., 2018). This may have impacted speech parameters which were under 

investigation in this thesis. 
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10.6. Recommendations for Best Practice in Future Research  

From examination of both the literature review (see Chapter 3) and the systematic review 

on treatment response biomarkers (see Chapter 4), it is apparent that this scientific area would 

benefit from a more coordinated effort between the fields of psychiatry, computer science and 

phonetics. Differing studies have interpreted their results within various working definitions of 

speech parameters, diverse assumptions of the role of psychomotor profiling in depression as 

well as fluctuating speech tasks. This heterogeneity in the field can be mitigated by following 

a standard set of recommendations for best practice:  

 Accounting for dialect. Accents are particularly problematic for research groups 

situated within countries with diverse dialectal variation, including the United Kingdom. 

This work represents one of the first examinations of depressive speech within a multi-

dialectal sample. Although groups were balanced in terms of accent composition, 

overarching changes did emerge, suggesting that the effects of depression are 

measurable despite differences in dialectal and sociolinguistic behaviours.  

 Using speech tasks that are appropriate for the speech parameter being 

investigated (e.g., not using sustained vowel phonation to check intonation 

measures). Matching speech parameters to appropriate material for extraction can 

appear to be a daunting task, particularly in light of variability of findings across studies. 

Having a mix of both read and free speech provides a good  comprehensive picture of 

individual typical speech behaviours, although word lists can provide additional control 

over prosody and phonemic context. Sustained vowels can provide additional 

information about articulator positioning within the oral cavity, as well as phonatory 

measures including perturbation and spectral shape (e.g. slope and tilt).  

 Normalisation techniques should be applied when comparing raw Hz values in 

vowel productions between speakers. This has often not been completed in 

previous studies given the lack of collaboration between speech science and 

psychiatry in this field. Flynn (2011) recommends the Bigham (2008), or the Watt and 

Fabricius (2002), methods as the most favourable methods to align speaker vowel 

spaces; some others (Gerstman, 1968; Lobanov, 1971; Nordstrom, 1977) are 

accessible using open software applications such as the phonR package (McCloy, 

2016) in R.  

 Using longitudinal, rather than cross-sectional research designs in order to 

collect more robust differences. 

 Controlling for medications within the research design and statistical analysis, 

as many of these can result in dry mouth and other changes at the glottal, phonatory 

level.  
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10.7. Areas for Future Investigation  

Stemming from these recommendations, there are also areas that future investigations 

should strive to cover in light of gaps within the literature. First and most obvious, there is a 

clear lack of perceptual study investigations, wherein listeners (either trained or naïve) can 

rate depressive speech on various parameters such as vocal quality, intelligibility and others. 

Insights from such research designs include the ability to identify real-world evaluations of 

depressive speech as well as whether communicative contexts can be adapted to 

accommodate changes often occurring in the condition.  

Given the fact that speakers with other dopaminergic conditions such as Parkinson’s 

disease experience a general therapeutic benefit from voice training exercises (e.g., Lee 

Silverman Voice Training; Sapir et al., 2007) on measures of intensity as well as articulation, 

investigations into the clinical use of speech therapy in depressive conditions may be 

worthwhile. Vowel articulation and motoric control might be assessed before and after a similar 

type of treatment to assess the impact on orofacial functions. Again, it should be noted that 

although different from healthy controls, speakers with depression do not present with as 

severely affected, or ‘abnormal’, speech so effects will likely be smaller than those seen for 

more debilitating conditions such as PD and ALS.  

Moreover, research designs incorporating individuals with depression should seek to 

further assess the effects of treatment response on speech parameters, and in larger, multi-

dialectal studies. Findings from these would lend additional vocal biomarkers to utilise in 

mHealth applications, as well as inform individuals with depression about parameters to use 

in their own self-assessment and management of their disorder.  

10.8. Revisiting Aims and Objectives of the Thesis 

As outlined in the initial chapters of this body of work (see pg. 28), this piece of work set 

out with a few key objectives, namely: 

 Uncover clusters of changes that co-occur in speech within depressed speakers, 

as compared to healthy speakers (and where appropriate, correlating with 

symptom severity scores and varying psychomotor profiles) 

 Mapping out aforementioned speech patterns onto causal mechanisms of 

depression, identifying links with neuropsychiatric and radiographic research 

within an overarching model 

As with all research, studies are limited by the sample size and demographics available 

to them. This work was only able to recruit and collect speech recordings from a limited number 

of participants over the course of 26 weeks, which limits intra-speaker variability measures (as 
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this would have been an under-powered study design). As mobile health interventions are 

increasing in number (cf. Marshall, Dunstan and Bartik, 2019), and there is a shift from speech 

being used for diagnosis to therapeutic monitoring, larger studies will need to be conducted to 

make robust conclusions about intra-speaker speech differences over the course of 

depression. However, this thesis did make use of a large number of data points per participant 

in order to extend the knowledge of between-group speech differences in depression—

furthering the capability of diagnostic tools and technologies.  

As discussed in the current chapter (see H&H theory in section 10.2 on pg. 264), 

depressive speech is not identifiably “abnormal” in the same way that, for example, dysarthric 

speech is; depressed speakers’ speech, and more importantly, communication, is still very 

much intact and functional, at least for those in the mild to moderate symptom severity groups. 

However, it is clear from current and past results that depression does affect specific aspects 

of voice and speech behaviours, and that these may be long-lasting effects even with 

treatment (see Chapter 4’s systematic review results). The clusters identified within this body 

of work will need to be examined when paired with treatment to discern if these are enduring 

and non-reversible changes due to the disorder, or whether antidepressant therapies can aid 

in reverting these parameters back to “healthy speaker” thresholds.  

Although this work was limited in scope towards this end, the final model did combine 

results from over 25 studies conducted over the past forty years, combining evidence of the 

effects of depression on speech. Neuropsychiatric evidence points several preliminary causal 

mechanisms for speech production and planning deficits stemming from depression—white 

matter lesions of ischemic origin, dopamine decreases in the nigrostriatal pathway, cortisol 

hypersecretion in the HPA axis and overall volume reductions in the hippocampus, ACC and 

PFC. These changes all play a role in explaining why these patterns have emerged and have 

been replicated in studies over the years.  

Finding robust vocal biomarkers for disorders and illnesses will be a continuing trend as 

technology evolves, and depression and other mental health disorders may benefit from the 

aggregation of such results into a single working model for refinement and hypothesis testing 

– particularly when paired with other study designs and methods such as randomised 

treatment conditions.  

For the purposes of this thesis, the original objectives were accomplished. This included 

highlighting clusters or co-varying changes with the depressive voice – centralised low and 

back monophthongs, reductions in overall speed and range of certain diphthongs, altered 

spectral shape and increases in perturbation and additive noise within the speech signal. All 

of these were then mapped backwards to leading theories of neuropsychiatric effects of 
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depression, linking causal mechanisms with these downstream occurrences where possible 

and tying in with previous research results. Employing a longitudinal study design allowed for 

more robust measures of data points per participant, particularly when coupled with relatively 

new statistical methods such as linear mixed effects models (LMEs). These allow for 

repeatable measures within individuals, as well as additional time points and continuous 

covariates with possibly nonlinear relationships. Completing the experiments in this manner 

provided a more realistic impression of characteristic speech behaviours in depressed and 

non-depressed speakers, and bootstrapped comparisons provide confidence that any 

identified differences are tangible and more likely to be appropriate for future research to 

replicate. Although overall vowel space area did not prove to be suitable for distinguishing 

between depressed and healthy speakers, patterns in monophthong and diphthong 

productions did offer further insight into the exact articulators impacted by depression—

namely the jaw (and potentially front of tongue). Focusing on these target phonemes in future 

speech production studies may provide a robust foundation on which to study treatment 

effects. Coupled with other vocal biomarkers such as increased aperiodicity and perturbation, 

and transformed spectral shape will also allow for easier identification of depression for 

diagnostic purposes.  

Lastly, across the literature reviews in this work, it has been suggested that studies in this 

area have the propensity to be stand-alone experiments – that is, they do not tend to cross 

boundaries into adjacent disciplines (i.e., psychology or computer science), and novel speech 

parameters continue to emerge in such studies as additional means of identifying depression 

(e.g., Scherer’s Normalised Amplitude Quotient [Scherer et al., 2013]). It is the opinion of this 

researcher that the current pool of parameters should be focused on in future research, 

particularly those identified within the aggregated speech model presented here. Progress 

requires the revisiting of previous results, and this will only be accomplished if researchers 

strive for consistency in the chosen vocal biomarkers used for diagnostic and therapeutic 

monitoring studies of the future.  

10.9. Conclusion 

Evidence from this and other pieces of work have contributed to a working, integrated 

model of the effects of depression on speech. The model seeks to inform clinicians, 

researchers and individuals with depression on acoustic variables that may be monitored 

longitudinally to help evaluate diagnosis and symptom severity. Clinical applications of this 

model within the field of mHealth have been discussed, as well as recommendations for future 

research designs and investigations. Cross-disciplinary collaboration is vital in the search for 

mental health biomarkers, and speech is no exception. Further work can be accomplished 
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through the mitigation of heterogeneity between studies as well as adherence to a standard 

set of practices between the fields of psychiatry, computer and speech science.  
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4. Appendix A: Data Collection Additional Documents 

A-1: Favourable Opinion Letters from Newcastle and North Tyneside I Research 
Ethics Committee 

 

                                   
                      Research and Clinical Effectiveness Department  

 St Nicholas Hospital  
Jubilee Road  

Gosforth  
Newcastle upon Tyne 

NE3 3XT  Tel: (External) 

0191 2467228  
                                                                                                                             (Internal): 57228                               

30.07.2018  
  

Dear Erin  
  

I am writing to confirm the award to you by Northumberland, Tyne and Wear NHS Foundation 

Trust of Letter of Access Status for the period 30th July 2018 to 30th July 2020 to work with Prof Hamish 

McAllisterWilliams on Speech features in Clinical Depression.  

  

You will be afforded access to such clinical facilities and professional activities in the Department 

or the Trust’s hospitals, health centres and clinics as may be determined by the Trust on advice of your 

supervising consultant. The award of Letter of Access does not confer upon you any other privileges 

or entitlements unless given to you in writing nor does it imply formal recognition of any status in 

respect of any particular grade unless separate application has been submitted on your behalf and 

approved by the appropriate awarding body.  

  

The Trust bears financial responsibility for the negligent acts of its staff in the course of the bona 

fide activities and this cover extends to those individuals who have been granted formal Letters of 

Access.  

  

Although not an employee of the Trust you will be required to be bound by the policies and 

procedures of the Trust in so far as they are applicable to someone who is not a Trust employee. You 
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will also be required to follow any local rules of the Department and these will be brought to your 

attention by your supervisor.  

  

In case of carrying out research, you must comply with all reporting requirements, systems and 

duties of action put in place by the Trust to deliver research governance.  

  

If you follow all the various policies, procedures, rules, instructions and guidance, you will be 

protecting yourself should any mishap occur. If you are unsure about any policies, procedures or rules, 

you should raise these with your supervisor or the RandD team.  

  

Please ensure you familiarise yourself with Trust policies relevant to your role. All of our policies 

can be found on the Trust intranet.  

  

I should be grateful if you would confirm in writing your acceptance of the arrangements 

described above. A copy of this letter has been sent to your NTW supervisor   

  

Best wishes   

  

Yours sincerely   

  
Simon Douglas  

Joint Director of Research, Innovation and Clinical Effectiveness   
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North East – Newcastle and North Tyneside 1 Research Ethics Committee  

  
HRA Newcastle  

Newcastle Blood Donor Centre  
Holland Drive  

Newcastle upon Tyne  
NE2 4NQ  

      
Telephone: 0207 1048084  

 Please note: This is the 
favourable  opinion of the 
REC only and does  not allow 
you to start your study  at 
NHS sites in England until 
you  receive HRA Approval   

   

4 July 2018  

  
Mr Hamish McAllister-Williams  
Campus for Ageing and Vitality  
Westgate Road  
Newcastle upon Tyne  
NE4 5LP  

  

Dear Mr McAllister-Williams   

  

Study Title:  Acoustic and perceptual features in clinical depression: 

A feasibility pilot study  
REC reference:  18/NE/0129  
Protocol number:  N/A  
IRAS project ID:  239592  

  

Thank you for your letter of 24 June 2018, responding to the Committee’s request for 

further information on the above research and submitting revised documentation.  

  

The further information has been considered on behalf of the Committee by the Chair.   

  

We plan to publish your research summary wording for the above study on the HRA 

website, together with your contact details. Publication will be no earlier than three months 

from the date of this opinion letter.  Should you wish to provide a substitute contact point, 
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require further information, or wish to make a request to postpone publication, please contact 

hra.studyregistration@nhs.net outlining the reasons for your request.  

Confirmation of ethical opinion  

  

On behalf of the Committee, I am pleased to confirm a Favourable ethical opinion for 

the above research on the basis described in the application form, protocol and supporting 

documentation as revised, subject to the conditions specified below.  

  

Conditions of the favourable opinion  

  

The REC favourable opinion is subject to the following conditions being met prior to the 

start of the study.  

 Management permission must be obtained from each host organisation prior to the start of the 

study at the site concerned.  

  

Management permission should be sought from all NHS organisations involved in 
the study in accordance with NHS research governance arrangements. Each NHS 
organisation must confirm through the signing of agreements and/or other documents 
that it has given permission for the research to proceed (except where explicitly specified 
otherwise).   

Guidance on applying for HRA and HCRW Approval (England and Wales)/ NHS 
permission for research is presented in the Integrated Research Application System, at 
www.hra.nhs.uk or at http://www.rdforum.nhs.uk.   
  

Where a NHS organisation’s role in the study is limited to identifying and referring 
potential participants to research sites ("participant identification centre"), guidance 
should be sought from the RandD office on the information it requires to give permission 
for this activity.  
  

For non-NHS sites, site management permission should be obtained in accordance 
with the procedures of the relevant host organisation.   
  

Sponsors are not required to notify the Committee of management permissions from 
host organisations  
  

Registration of Clinical Trials  

  

All clinical trials (defined as the first four categories on the IRAS filter page) must be 

registered on a publically accessible database within 6 weeks of recruitment of the first 

participant (for medical device studies, within the timeline determined by the current 

registration and publication trees).    

http://www.hra.nhs.uk/
http://www.hra.nhs.uk/
http://www.rdforum.nhs.uk/
http://www.rdforum.nhs.uk/
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There is no requirement to separately notify the REC but you should do so at the earliest 

opportunity e.g. when submitting an amendment.  We will audit the registration details as part 

of the annual progress reporting process.  

  

To ensure transparency in research, we strongly recommend that all research is registered 

but for non-clinical trials this is not currently mandatory.  

  

If a sponsor wishes to request a deferral for study registration within the required 

timeframe, they should contact hra.studyregistration@nhs.net. The expectation is that all 

clinical trials will be registered, however, in exceptional circumstances non-registration may be 

permissible with prior agreement from the HRA. Guidance on where to register is provided on 

the HRA website.    

  

It is the responsibility of the sponsor to ensure that all the conditions are 

complied with before the start of the study or its initiation at a particular site (as 

applicable).  

  

Ethical review of research sites  

  

NHS sites  

  

The favourable opinion applies to all NHS sites taking part in the study, subject to 

management permission being obtained from the NHS/HSC RandD office prior to the start of 

the study (see "Conditions of the favourable opinion" below).  

  

Approved documents  

  

The final list of documents reviewed and approved by the Committee is as follows:  

  

Document    Version    Date    

Copies of advertisement materials for research participants [Advertisement - 

Depressed participants]   
2.0   28 March 2018   

Evidence of Sponsor insurance or indemnity (non-NHS Sponsors only)      02 August 2017   

GP/consultant information sheets or letters [GP Letter - Depressed Participants]   1.1   28 March 2018   
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Interview schedules or topic guides for participants [Topic Guide for Participants]   1.0   28 March 2018   

IRAS Application Form [IRAS_Form_30032018]      30 March 2018   

Letter from sponsor [Letter from Sponsor for PhD Student Management of Data]   1.0   04 March 2018   

Non-validated questionnaire [Non-validated Questionnaire]   1.2   28 March 2018   

Other [CV - J. Beck (Supervisor)]   1.0   26 February 2018  

Other [PhD Student Employer Insurance]   1.0   22 February 2018  

Other [PhD Student Medical Malpractice Insurance]   1.0   23 February 2018  

Other [PhD Student Professional Indemnity Insurance]   1.0   23 February 2018  

Other [GP Letter - Healthy Volunteers]   1.1   28 March 2018   

Other [Advertisement - Healthy volunteers]   2.0   28 March 2018   

Other [Suicide SOPs]   1.2   18 June 2018   

Participant consent form [Consent Form]   1.4   23 May 2018   

Participant information sheet (PIS) [Depression]   1.4   23 May 2018   

Participant information sheet (PIS) [Healthy Volunteers]   1.4   23 May 2018   

Research protocol or project proposal [Study Protocol]   1.5   23 May 2018   

Response to Request for Further Information      24 June 2018  

Summary CV for Chief Investigator (CI) [Chief Investigator CV - R. Hamish 

McAllister-Williams]   
1.0   29 March 2018   

Summary CV for student [Summary CV for Student]   1.0   13 February 2018  

Summary CV for supervisor (student research) [Summary CV - Main Supervisor]   1.0   23 February 2015  

Summary, synopsis or diagram (flowchart) of protocol in non-technical language 

[Participant Flowchart]   
1.0   28 March 2018   

  

Statement of compliance  

  

The Committee is constituted in accordance with the Governance Arrangements for 

Research Ethics Committees and complies fully with the Standard Operating Procedures for 

Research Ethics Committees in the UK.  

After ethical review  

  

Reporting requirements  

  

The attached document “After ethical review – guidance for researchers” gives detailed 

guidance on reporting requirements for studies with a favourable opinion, including:  

  

• Notifying substantial amendments  

• Adding new sites and investigators  

• Notification of serious breaches of the protocol  
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• Progress and safety reports  

• Notifying the end of the study  

  

The HRA website also provides guidance on these topics, which is updated in the light of 

changes in reporting requirements or procedures.  

User Feedback  

  

The Health Research Authority is continually striving to provide a high quality service to all 

applicants and sponsors. You are invited to give your view of the service you have received and 

the application procedure. If you wish to make your views known please use the feedback form 

available on the HRA website: http://www.hra.nhs.uk/about-thehra/governance/quality-

assurance/     

  

HRA Training  

  

We are pleased to welcome researchers and RandD staff at our training days – see details 

at http://www.hra.nhs.uk/hra-training/    

  

18/NE/0129                                             Please quote this number on all correspondence  

  

With the Committee’s best wishes for the success of this project.  

  

 

 

Yours 

sincerely  

  

5. Professor Philip Preshaw Chair  

  

Email: nrescommittee.northeast-newcastleandnorthtyneside1@nhs.net  

  

Enclosures:  

  

‘After ethical review – guidance for researchers’ SL-AR2  

http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/


  

325 | P a g e  
 

  

Copy to:   Miss Erin Miley – Speech and Language Dept, Queen Margaret   

University,  Edinburgh  

   

 Mr Simon Douglas – RandD Dept, Northumberland, Tyne and 

Wear   

 NHS Trust  
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Mr Hamish McAllister-Williams  Email: hra.approval@nhs.net   
Campus for Ageing and Vitality  Research-permissions@wales.nhs.uk  
Westgate Road  
Newcastle upon Tyne  
NE4 5LP  
  
04 July 2018  

  

Dear Mr McAllister-Williams     

  

HRA and Health and Care Research Wales (HCRW)  

  
  Letter  

  

I am pleased to confirm that HRA and Health and Care Research Wales (HCRW) Approval 

has been given for the above referenced study, on the basis described in the application form, 

protocol, supporting documentation and any clarifications received. You should not expect to receive 

anything further relating to this application.  

How should I continue to work with participating NHS organisations in England and 

Wales? You should now provide a copy of this letter to all participating NHS organisations in England 

and Wales, as well as any documentation that has been updated as a result of the assessment.   

  

This is a single site study sponsored by the site. The sponsor RandD office will confirm to you 

when the study can start following issue of HRA and HCRW Approval.  

  

Study title:  

IRAS project ID:  
REC reference:  
Sponsor:  

  

Acoustic and perceptual features in clinical depression: A feasibility 
pilot study 239592   
18/NE/0129    
Northumberland, Tyne and Wear NHS Foundation Trust  

https://www.myresearchproject.org.uk/help/hlphraapproval.aspx
https://www.myresearchproject.org.uk/help/hlphraapproval.aspx
https://www.myresearchproject.org.uk/help/hlphraapproval.aspx
https://www.myresearchproject.org.uk/help/hlphraapproval.aspx
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It is important that you involve both the research management function (e.g. RandD office) 

supporting each organisation and the local research team (where there is one) in setting up your study. 

Contact details of the research management function for each organisation can be accessed here.  

  

How should I work with participating NHS/HSC organisations in Northern Ireland 

and Scotland?  

HRA and HCRW Approval does not apply to NHS/HSC organisations within the devolved 

administrations of Northern Ireland and Scotland.  

  

If you indicated in your IRAS form that you do have participating organisations in either of these 

devolved administrations, the final document set and the study wide governance report (including this 

letter) has been sent to the coordinating centre of each participating nation. You should work with the 

relevant national coordinating functions to ensure any nation specific checks are complete, and with 

each site so that they are able to give management permission for the study to begin.   

  

Please see IRAS Help for information on working with NHS/HSC organisations in Northern Ireland 

and Scotland.   

  

How should I work with participating non-NHS organisations?  

HRA and HCRW Approval does not apply to non-NHS organisations. You should work with your 

nonNHS organisations to obtain local agreement in accordance with their procedures.  

  

What are my notification responsibilities during the study?  

The document “After Ethical Review – guidance for sponsors and investigators”, issued with 

your REC favourable opinion, gives detailed guidance on reporting expectations for studies, including: 

  Registration of research  

• Notifying amendments  

• Notifying the end of the study  

The HRA website also provides guidance on these topics, and is updated in the light of changes in 

reporting expectations or procedures.  

  

I am a participating NHS organisation in England or Wales. What should I do once 

I receive this letter?  

http://www.rdforum.nhs.uk/content/contact-details/
http://www.rdforum.nhs.uk/content/contact-details/
https://www.myresearchproject.org.uk/help/hlpnhshscr.aspx
https://www.myresearchproject.org.uk/help/hlpnhshscr.aspx
https://www.myresearchproject.org.uk/help/hlpsitespecific.aspx#non-NHS-SSI
https://www.myresearchproject.org.uk/help/hlpsitespecific.aspx#non-NHS-SSI
https://www.hra.nhs.uk/
https://www.hra.nhs.uk/
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You should work with the applicant and sponsor to complete any outstanding arrangements so 

you are able to confirm capacity and capability in line with the information provided in this letter.   

  

The sponsor contact for this application is as follows:  

  

Name:   Miss Erin Miley   

Email:    emiley@qmu.ac.uk   

  

Who should I contact for further information?  

Please do not hesitate to contact me for assistance with this application. My contact details are 

below.  

  

Your IRAS project ID is 239592. Please quote this on all correspondence.  

  

Yours sincerely  

  

  

Michael Higgs  

Assessor  

  

Email: hra.approval@nhs.net    

  

  

Copy to:  Erin Miley, Queen Margaret University (Student)    
Simon Douglas, Northumberland, Tyne and Wear NHS Trust (Sponsor and 

NHS RandD office)  
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List of Documents  

The final document set assessed and approved by HRA and HCRW Approval is listed below.    

  

Document    Version    Date    

Copies of advertisement materials for research participants [Depressed 

participants]   

2.0   28 March 2018   

Copies of advertisement materials for research participants [Healthy 

volunteers]  

2.0   28 March 2018   

GP/consultant information sheets or letters [Depressed participants]   1.1   28 March 2018   

GP/consultant information sheets or letters [Healthy volunteers]   1.1   28 March 2018   

Interview schedules or topic guides for participants  1.0   28 March 2018   

IRAS Application Form [IRAS_Form_30032018]      30 March 2018   

Letter from sponsor      04 March 2018   

Non-validated questionnaire  1.2   28 March 2018   

Other [Newcastle University public liability insurance]      02 August 2017  

Other [QMU employers and public liability insurance]     15 July 2017  

Other [Trust risk SOP]  1.2  25 June 2018  

Participant consent form   1.4  23 May 2018  

Participant information sheet (PIS) [Depressed participants]  1.4  23 May 2018  

Participant information sheet (PIS) [Healthy volunteers]  1.4  23 May 2018  

Research protocol or project proposal   1.5  23 May 2018  

Response to Request for Further Information      24 June 2018  

Summary CV for Chief Investigator (CI) [Hamish McAllister-Williams]       

Summary CV for student [Erin Miley]     09 March 2018  

Summary CV for supervisor (student research) [Felix Schaeffler]      01 February 2016  

Summary CV for supervisor (student research) [Janet Mary Beck]       

Summary, synopsis or diagram (flowchart) of protocol in non-technical language 

[Participant flowchart]   

1.0   28 March 2018   
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Summary of assessment  

The following information provides assurance to you, the sponsor and the NHS in England and 

Wales that the study, as assessed for HRA and HCRW Approval, is compliant with relevant standards. 

It also provides information and clarification, where appropriate, to participating NHS organisations in 

England and Wales to assist in assessing, arranging and confirming capacity and capability.  

  

Section  Assessment Criteria  
Compliant with 

Standards  Comments  

1.1  IRAS application completed correctly  Yes  No comments   

        

2.1  Participant information/ consent 

documents and consent process  

Yes  No comments  

        

3.1  Protocol assessment  Yes  No comments  

        

4.1  Allocation of responsibilities and rights 

are agreed and documented   

Yes  As a single site study where that 

site is the sponsor, study specific 

agreements are not expected.  

4.2  Insurance/ indemnity arrangements 

assessed  

Yes  No comments  

4.3  Financial arrangements assessed   Yes  No application for external 

funding has been made.  

        

5.1  Compliance with the Data Protection Act 

and data security issues assessed  

Yes  No comments  

5.2  CTIMPS – Arrangements for compliance 

with the Clinical Trials Regulations 

assessed  

Not Applicable  No comments  

5.3  Compliance with any applicable laws or 

regulations  

Yes  No comments  

        

6.1  NHS Research Ethics Committee 

favourable opinion received for applicable 

studies  

Yes  No comments  

6.2  CTIMPS – Clinical Trials Authorisation 

(CTA) letter received  

Not Applicable  No comments  

6.3  Devices – MHRA notice of no objection 

received  

Not Applicable  No comments  

6.4  Other regulatory approvals and 

authorisations received  

Not Applicable  No comments  
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Participating NHS Organisations in England and Wales  

This provides detail on the types of participating NHS organisations in the study and a statement as to whether 

the activities at all organisations are the same or different.   

There is a single participating NHS organisation. If this study is subsequently extended to other NHS 
organisation(s) in England or Wales, an amendment should be submitted, with a Statement of Activities and 
Schedule of Events for the newly participating NHS organisation(s) in England or Wales.   

The Chief Investigator or sponsor should share relevant study documents with participating NHS organisations 
in England and Wales in order to put arrangements in place to deliver the study. The documents should be 
sent to both the local study team, where applicable, and the office providing the research management 
function at the participating organisation. Where applicable, the local LCRN contact should also be copied into 
this correspondence.    

If chief investigators, sponsors or principal investigators are asked to complete site level forms for 

participating NHS organisations in England and Wales which are not provided in IRAS, the HRA or HCRW 

websites, the chief investigator, sponsor or principal investigator should notify the HRA immediately at 

hra.approval@nhs.net or HCRW at Research-permissions@wales.nhs.uk. We will work with these 

organisations to achieve a consistent approach to information provision.   

  

Principal Investigator Suitability  

This confirms whether the sponsor position on whether a PI, LC or neither should be in place is correct for each 

type of participating NHS organisation in England and Wales, and the minimum expectations for education, 

training and experience that PIs should meet (where applicable).  

There is no expectation for a local principal investigator for this study as the involvement of the NHS research 

site is limited to participant identification.  

  

HR Good Practice Resource Pack Expectations  

This confirms the HR Good Practice Resource Pack expectations for the study and the pre-engagement checks 

that should and should not be undertaken  

Participant identification activity at the NHS site shall be conducted by members of the care team who will 

have appropriate access to personally-identifiable information. Therefore, access arrangements and pre-

engagement checks are not expected to be relevant to this study.  

  

Other Information to Aid Study Set-up   

This details any other information that may be helpful to sponsors and participating NHS organisations in 

England and Wales to aid study set-up.  

The applicant has indicated that they do not intend to apply for inclusion on the NIHR CRN Portfolio.  
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A-3: Ethical Consent Form 

                                                                                                                                 
 
 

Speech and Hearing Sciences     Academic Psychiatry 

Queen Margaret University      Wolfson Research Centre 

Musselburgh       Campus for Ageing and 
Midlothian         Vitality  

EH21 6UU        Newcastle upon Tyne 

          NE4 5PL 

  
     

Informed Consent 

Speech features in clinical depression – IRAS Project ID: 239592 

Please check 

Thank you for your interest in this study.  

The first agreement below is required if you want to take part in this study. If you 

feel you cannot agree to this then we cannot make use of your data and will not 

include you in the study. 

YES NO 

I confirm that I have received, read and understood the participant 

information leaflet Version 1.1, dated 15/03/2018 for the above study. I 

have had the opportunity to ask questions and received satisfactory 

answers. I am over 18 years of age. 

I have had an opportunity to ask questions about my participation. 

I understand that I have the right to withdraw from this study at any time 

before or during data collection without giving any reason. I understood that my 

participation is voluntary and that I am free to withdraw without giving any reason, 

and without my medical care or legal rights being affected. If I decide to withdraw, 

any data (information) collected up to the point I withdraw may be used in order 

to preserve the value of the study unless I request all my data is destroyed.   

I understood that relevant sections of my medical notes may be looked 

at by individuals from the study research team.  I understood that all such 

o 

 

 

 

 

 

 

o 
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information will be treated in the strictest confidence.  I also understood that 

my medical notes and data collected during the study may be viewed by the 

study sponsor (Northumberland, Tyne and Wear NHS Foundation Trust) or 

their representatives, who have a responsibility for ensuring the appropriate, 

safe and ethical conduct of the study.  I give permission for these individuals 

to have access to my records, even if I withdraw, and I understood that my 

records will only be reviewed for information related to my participation in 

the study. 

I agree to my GP being informed of my participation in the study.  

 

I understand that consent to the use of my data57 for research purposes implies 

that the data can be analysed by the principal investigator (PI) of the current study 

and her supervisors and that the researchers are free to disseminate their findings. 

I agree to participate in this study and that my data are stored confidentially 

and used anonymously for research purposes. This includes agreement to storing 

your speech recordings in separate locations as described in the Participant 

Information sheet, including voice recordings being stored on servers that are 

physically located in London.  

o 

 

 

 

 

 

 

o 

 

 

 

 

 

 

The following agreements are optional. Even if you do not agree with some or all of them, we will still 

use your data for the outlined research but not for any other purposes. 

I agree that my data can be used by other researchers for further academic 

research projects after the end of this study. In this case my data will not be destroyed 

at the end of the current study but stored indefinitely in a safe environment (i.e. the 

archive facility at Queen Margaret University – Clinical Audiology, Speech and 

o  

                                                           
57 ‘Data’ means your audio data as well as background information from questionnaires, except 

your name and contact details (including this form) which are only accessible to the PI and supervisors 

involved in the current project, the Head of the CASL Research Centre and selected IT administrators. 
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Language Research Centre). My data will be stored confidentially and anonymised for 

publication.  

I agree that my recordings can be used for perception experiments, where my 

audio recordings are played to participants for assessment of various aspects. I am 

aware that in this context absolute anonymity cannot be guaranteed as a participant 

could recognize my voice. Publications based on these experiments are still 

anonymised. 

  

 

 

 

Name of volunteer     Signature             Date 

 

   

Name of person taking consent   Signature             Date 

 

__________________________       ___________________________           _______________ 

 

When complete please give one copy to the participant and place original copy in the investigator file.  
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A-4: Letter of Sponsorship from Newcastle University 

 

Research and Development 
St Nicholas Hospital 

Jubilee Road 
Gosforth 

Newcastle upon Tyne 
NE3 3XT 

Tel: (External) 0191 2467222 
(Internal) 57222 

research@ntw.nhs.uk 

4/3/18 

Dear Erin 

Re: Vocal Indicators of Symptom Severity in Clinical Depression 

I write to confirm that Northumberland, Tyne and Wear NHS Foundation Trust agree to 

accept the role of sponsorship in principle for the above study. Please accept this letter 

as verification of our sponsorship in principle status. 

The Department of Health's minimum standards for research governance state that at 

least 10% of projects should be routinely audited. It is a condition of our sponsorship that 

the researchers accept the sponsor's right to include this project in the auditing and 

monitoring process. 

The researcher must also agree to inform the sponsor should any significant 

developments occur as the study progresses, whether in relation to the safety of 

individuals or to the scientific direction of the study. The sponsor reserves the right to 

revoke sponsorship at any subsequent stage if amendments are deemed unacceptable 

to the Trust. 

Please read, sign and return the below conditions of sponsorship. 

Best wishes. 

Yours sincerely 

 

Lyndsey Dixon 

Research and Development Manager 
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Conditions of Sponsorship Agreement 

(Non-Clinical Trial Investigational Medicinal Products (CTIMP)) 

Northumberland, Tyne and Wear NHS Foundation Trust will act as Sponsor for the project stated 

below provided the Chief Investigator (Cl) adheres to the following conditions: 

1 The Cl and all members of the research team shall comply with all current regulations 

applicable to the performance of the project. 

2 The project must not start until: 

• Favourable ethical opinion from an appropriately constituted Research Ethics 

Committee (REC) has been granted 

• The project has HRA Approval 

• Non-Trust employees having direct contact with patients, direct access to NHS 

premises and/or direct bearing on the quality of their care, should ensure they 

have the appropriate HRC/LoA in place (See practice guidance note RGP-PGN-

04 — Honorary Research Contract Process, which sits with NTW(O)47 — 

Research Governance Policy). 

• All study team members have undergone appropriate training, commensurate 

with their role in the study 

• If the project is externally funded, financial arrangements must be covered by 

a suitable agreement that is approved and signed by the Joint Director of 

Research, Innovation and Clinical Effectiveness. For any project using NTW 

resources, the RandD Manager and appropriate Service Manager must have 

assessed the associated costs (particularly NHS Treatment Costs) and made 

arrangements for their recovery (if appropriate). 

• If the study is potentially eligible for the National Institute for Health Research 

(NIHR) Clinical Research Network Portfolio, it is flagged during the application 

process in IRAS and discussions are had with the CRN: North East and North 

Cumbria. 

• Appropriate contract(s) containing delegation of responsibilities are in place 

between third party sub-contractors and the Sponsor before that work begins 

• A final sponsorship confirmation letter has been received from the RandD 

Manager 

• The project must not start at other sites until they have confirmed their 

Capacity and Capability. 
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3 During the project, the CI must ensure: 

 

3.1 The project is conducted in accordance with the protocol. 

3.2 Participants are consented in writing to the project, using the version of the 

consent form and patient information sheet which have received a favourable 

opinion by REC and approved by the HRA. 

3.3 The delegation log is kept up to date at all times. 

3.4 Amendments to the protocol or project documents are notified to the RandD 

Manager prior to submission to the HRA. Research sites also need to be notified 

of any amendments, and approvals obtained where required, prior to 

implementation of the amendment (following HRA Guidelines). 

3.5 A Trial Master File (TMF) is created containing all essential documents appropriate 

for the project, making this available for monitoring, audit or inspection as 

required. 

3.6 The RandD Coordinator is notified of the actual start and end date of the project 

and any extension or early termination of the project. 

3.7 The RandD Coordinator is notified of the date of the first signed consent form (at 

any site if multi-centre). 

3.8 Written notice of any urgent safety measures taken to protect subjects of the trial 

is sent to REC and the sponsor (within 3 days of learning of the event). 

3.9 Annual progress reports are sent to REC and the sponsor. 

3.10 All near misses and incidents stemming from the research are notified to the 

RandD Manager. 

3.11 Serious Adverse Events (SAEs) that are considered "related" and "unexpected" are 

reported to the RandD Manager within 24 hours of learning of the event and the 

main REC within the required timeframe. 

3.12 Serious breaches of Good Clinical Practice (GCP) and the protocol are reported to 

the RandD Manager within 24 hours of becoming aware of the breach. 

3.13 All project documentation, medical notes and staff involved in the research 

project are available for monitoring/audit/inspection if requested by the sponsor. 

3.14 Appropriate Standing Operating Procedures (SOPs) are produced and followed for 

this project and the relevant NTW research PGNs are complied with 

3.15 Monitoring arrangements as outlined in the protocol and sponsors PGNs are 

complied with (See practice guidance note RGP-PGN-03 — Audit and Monitoring, 

which sits with NTW(O)47 — Research Governance Policy). 
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3.16 Data is generated, recorded, handled, stored and reported accurately, securely 

and in accordance with the protocol and the Data Protection Act 1998 

4 When closing the project, the CI must ensure: 

 

4.1 An end of study notification is sent to REC within 90 days of the conclusion date 

and within 15 days if the project is terminated early 

4.2 A summary of the final report is submitted to REC and the sponsor within one year 

of the study having been declared ended 

4.3 Documents relating to the project are archived as per the sponsors PGN (See 

practice guidance note - RGP-PGN-06 — Study Documentation and Archiving, 

which sits with NTW(O)47 — Research Governance Policy). Archiving can be done 

at the study site, if prior agreement is in place. 

4.4 Any potential intellectual property stemming from the research must be disclosed 

to the 

Joint Director of Research, Innovation and Clinical Effectiveness as appropriate 

4.5 The RandD Manager is notified of any outputs of the research such as guidelines, 

publications, changes in service delivery etc. 

4.6 Any requests from the sponsor for further information on the project are 

responded to at the earliest convenience 

I have read the above and agree to adhere to these responsibilities for the project stated below: 

Project Title: VOCAL BIOMARKERS OF CLINICAL DEPRESSION 

Chief Investigator: 

Signature: 

Date: 

 

os/03(' 
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A-4: Participant Information Sheet (Depressed Participants) 

    

PARTICIPANT INFORMATION SHEET- DEPRESSION  

Speech features  in clinical depression  

IRAS Project ID: 239592  

You are being invited to take part in a research study. To help you decide we would like you 

to understand why the research is being done and what it would involve for you. Please start 

by reading the study summary. If you think you may be interested in taking part please go on 

and read the rest of the information sheet. Part 1 tells you the purpose of this study and what 

will happen to you if you take part. Part 2 gives you more detailed information about the 

conduct of the study. Please ask us if there is anything that is not clear. One of our team will 

go through the information sheet with you and answer any questions you have. Please talk to 

others about the study if you wish.   

Study Summary  

  

• This study is designed to address the questions   
1. Are there specific features of speech that are associated with depression?    

2. Are smartphone devices comparable to studio equipment when recording 

speech samples?  

  

• To do this we plan to recruit 20 people with depression, and 12 people with no 

mental health problems. We will measure their mood and record their voice over a 26 

week period.  

  

• The study involves 4 visits to the Biomedical Research Building (lower floor) at the  

Wolfson Research Centre, Campus for Aging and Vitality, Westgate Road Newcastle 

Upon Tyne, NE4 5PL. The first visit takes 1 hour and involves filling in some 

questionnaires, being assessed with rating scales and a short five-minute speech 

recording. The second, third and fourth visits takes approximately 30 minutes and 

involve one questionnaire and a five-minute voice recording.   
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• Taking part in this study is entirely voluntary. You should only take part if you are 

confident to do so. You are free to withdraw from the study at any time if you do 

agree to participate. We will ask you to sign a separate consent form to confirm you 

are willing to take part.  

 If you are interested in taking part in this study please continue to read the rest of this 

information sheet. If you would like further information please contact Miss Erin Miley (PhD 

student) (emiley@qmu.ac.uk, Tel: 0131 474 0000).  

Part 1 – Specific Study Details  

  

What is the purpose of the study?   

Previous research has shown promising evidence that the human voice can be a cost-effective 

and non-invasive indicator of mental health. The purpose of this study is to examine the effects 

of depression on speech using three types of analysis. The study will extract various features 

from your speech. If these features are found to be strongly associated with certain depressive 

symptoms, this would suggest that the voice can be used to assess symptoms in individuals 

with depression, and may provide more information for clinicians to use when diagnosing or 

assessing their patients.   

  

This study will also test whether a smartphone device can produce speech recordings of a 

similar quality to studio recording equipment. Smartphone applications for health and 

wellbeing are becoming increasingly popular for individuals wanting to manage their own 

mental health. Within this growing number of applications, there are some that track changes 

in a user’s speech over time to compare these with variations in lifestyle factors like mood, 

diet and sleep levels. However, there has been no research to test whether the microphones 

of smartphone devices are  capable of picking up features in a way similar to studio recording 

equipment. If results from this study suggest that smartphone devices and studio recording 

equipment can make recordings of similar quality, then mobile phones may be useful for 

monitoring mental health through speech.   

  

Why have I been invited to take part in this study?  

You have been invited to take part as this study as we would like to study the effects of 

depression on the human voice. We would like to measure certain features of your speech 

and see how this is associated with severity ratings of your symptoms. To take part in the 

study you must also be aged between 18 and 60 years of age. There are some reasons why 

it may not be possible for you to take part in the study. These are:  

  

• If you have a diagnosis of Bipolar Disorder.  

• If you have had a diagnosis of a voice disorder within the last five years.  

• If you are not fluent in English (some of the tests require that you are fluent in 

English).   
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Do I have to take part?   

It is entirely up to you to decide whether or not to join the study. If you do join the study you 

can withdraw your data at any time up without giving a reason. We will describe the study and 

go through this information sheet. If you agree to take part, we will then ask you to sign a 

consent form.   

  

What will happen to me if I take part?   

If you decide to take part in the study you will be invited to Academic Psychiatry at the Wolfson 

Research Centre, Campus for Aging and Vitality, Westgate Road, Newcastle Upon Tyne NE4 

5PL (Old Newcastle General Hospital site) for an initial assessment. Here we will make a final 

check that you are eligible for the study, answer any further questions you may have about 

the study and if you decide you still want to take part ask you to sign a consent form. We would 

also let your GP know you are taking part in the study. Please note that as part of your inclusion 

in the study, your medical notes may be reviewed by the research team, if necessary.  

  

If you are eligible for the study and sign the consent form we will then perform the baseline 

assessments for the study. This involves asking you some basic demographic information and 

then assessing your mood with a series of questionnaires and rating scales that will take 

approximately 1 hour and 10 minutes. We would also ask you to complete a few speech tasks. 

These will be:  

  

• Sustaining two ‘ah’ sounds for at least a few seconds each  

• Reading out a short passage  

• Talking for approximately 30 seconds about an emotionally neutral topic (e.g. ‘Describe 

how you would peel an orange’)  

  

You will be speaking simultaneously into a smartphone device and a studio recording 

microphone. The speech recordings will take no longer than five minutes to complete.   

  

You will be asked to return to the clinic three more times over the course of the study:  

  

• 8 weeks after the initial session  

• 16 weeks after the initial session  

• 26 weeks after the initial session  
  

These second, third and fourth visits will be scheduled at the initial session. If you need to 

reschedule these at a later time, you are welcome to contact the research team to do so. 

These subsequent sessions will be shorter than the first one, as we will only need you to 
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complete one questionnaire and one speech recording, lasting no longer than 30 minutes in 

total. Following the fourth session, your participation in the study is complete.   

  

What are the possible disadvantages and risks of taking part?   

The disadvantages of taking part are the time it will take you to attend Academic Psychiatry 

for the baseline assessments and speech recordings. The first visit is about 1 hour 10 minutes 

and the second, third and fourth visits about 30 minutes. During the initial screening some 

questions will be asked of a sensitive nature regarding your mental health. You do not have 

to answer any questions if you chose not to.  

  

It is very important to be aware that voice recordings can never be completely anonymised. 

That is, there is always a slight risk that someone listening to the recordings for analysis may 

recognise your voice. However, we will never ask you to record any personal or sensitive 

information as part of the speech tasks, and any identifying information (like your name) will 

be stored separately from the voice recordings.    

  

What are the possible benefits of taking part?   

There are no immediate benefits to taking part in the study. However, you will be providing 

information for future research to build upon, as voice is investigated in greater detail in 

depressed patients.   

PART 2  

What if I have a complaint?  

If you have a concern about any aspect of this study, you should ask to speak to the 

researchers who will do their best to answer your questions. The researchers and contact 

details are listed at the end of this document.  If you remain unhappy and wish to complain 

formally, you can do this by contacting the independent complaints advocacy service (ICAS) 

North East: 0300 456 8348 or Northumberland and Tyne and Wear NHS Foundation Trust.  

Details can be obtained from ntw.nhs.uk. The study is insured through the indemnity scheme 

of Northumberland, Tyne and Wear NHS Foundation Trust.   

  

In the event that something does go wrong and you are harmed during the research and this 

is  

due to someone‘s negligence then you may have grounds for a legal action for compensation 

against Newcastle University but you may have to pay your legal costs. The normal National 

Health Service complaints mechanisms will still be available to you (if appropriate).  
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Will my taking part in this study be kept confidential?  

• All information collected about you during the course of the study will be kept strictly 

confidential.   
• You are assigned a code when you enter the study, and from then on, only the code 

is used to identify your information. The link between your name and code is kept 

securely in a locked filing cabinet and destroyed at the end of the study.  
• Due to the nature of this study, some of your personal data will be stored in 

multiple places.   
• Your medical notes and consent forms will be stored at the Wolfson Research 

Centre. This information will only be accessible by the Chief Investigator and 

research team directly involved in the study.   
• Questionnaire data, electronic copies of consent forms, test scores etc. will only be 

stored in coded form and kept at QMU data storage facilities for analysis, backup and 

archiving.  
• Your smartphone voice recordings will be securely transferred to and temporarily 

stored on a password-protected data server in a secure environment located 

physically in London, GB. These recordings will be accessed through secure 

networks from Queen Margaret University (QMU) in Edinburgh and downloaded to 

QMU data storage facilities for data analysis, backup and archiving.   
• Voice recordings with laptop and microphone will temporarily be stored on encrypted 

hard drives for transport and backup. They will then be transferred to QMU data 

storage facilities for analysis, backup and archiving.   
• All information will be stored for the duration of the study and destroyed afterwards 

unless you give your consent to longer storage on the consent form.  
• You can separately consent to further uses of your data. This will have 

implications for data storage, as your data might be transferred to other research 

groups, for example. In any case, your data will always be stored in secure 

environments with access management.  

• If you attend screening but are not eligible for the study, or choose not to participate, 

the information you provide will be treated with the utmost confidentiality, in the same 

manner as information from other participants, and destroyed as soon as possible.  
  

Involvement of the general practitioner/family doctor (GP)  

If you choose to take part in the study your GP will be informed by letter and sent an 

information sheet about the study. If we identified any major symptom deterioration we would 

also inform your GP.   

  

What will happen to the results of the study?  

The results of the study will be analysed by the researchers and written into a report for Queen 

Margaret University. This report may be published in a scientific journal. Neither form of the 

report would contain any personal or confidential information that could identify any individual. 

If you wish to be informed of the study results then you can contact one of the researchers 

who will provide a short summary of the study findings.   
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What happens if I don’t want to carry on with the study once I have started?  

You can withdraw from the study at any time without having to give a reason. Information 

collected during your participation in the study may still be used in an anonymised form. 

Additionally if you became unwell during the study and were no longer able to consent to 

taking part we would withdraw you from the study. Information collected during your 

participation in the study may still be used in an anonymised form.  

Who is organising and funding the research?  

This research is organised and funded by Queen Margaret University, Edinburgh and 

Newcastle University.  

  

Will I be paid for my time in taking part in the study?  

All volunteers will be paid £20 on completion of the full study. If you have to drop out of the 

study for any reason you may be paid a proportion of this amount at the discretion of the 

research team.   

  

Will I incur any costs by taking part in the study?  

All reasonable travel expenses will be reimbursed to participants. This would cover the cost of 

any bus, train, taxi or car travel from your home to Academic Psychiatry and back for each of 

the 4 visits. There are no other costs that will be incurred by you during the study.   

  

Who has reviewed the study?  

All research in the NHS is looked at by independent group of people, called a Research Ethics 

Committee, to protect your interests. This study has been reviewed and given favourable 

opinion by the NHS Health Research Authority, as well as the Graduate School at Queen 

Margaret University.   

  

Further information and contact details  

If you would further details or would like to express your interest in this study, please contact 

Prof. R Hamish McAllister-Williams:  

Prof. R Hamish McAllister-Williams -- r.h.mcallister-williams@ncl.ac.uk; 0191 208 1370 (Chief 

Investigator)  

Erin Miley – emiley@qmu.ac.uk; 07545 990 415 (PhD Student)  

Other Researchers:  

Mr. Felix Schaeffler – fschaeffler@qmu.ac.uk   
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A-4: Participant Information Sheet cont’d (Healthy Participants) 

    

PARTICIPANT INFORMATION SHEET- HEALTHY VOLUNTEERS  

Speech features in clinical depression  

IRAS Project ID: 239592  

We are performing a research study and are inviting you to take part as we require healthy 

volunteers. To help you decide if you would like to take part we would like you to understand why the 

research is being done and what it would involve for you. Please start by reading the study summary. 

If you think you may be interested in taking part please go on and read the rest of the information 

sheet. Please ask us if there is anything that is not clear. One of our team will go through the 

information sheet with you and answer any questions you have. Please talk to others about the study 

if you wish.   

  

Study Summary  

  

• This study is designed to address the questions  o Are there specific features of speech 

that are associated with depression?    

o Are smartphone devices comparable to studio equipment when recording speech 

samples?  

  

• To do this we plan to recruit 20 people with depression, and 12 people with no mental 

health problems. We will measure their mood and record their voice over a 26 week 

period.  

  

• The study involves 4 visits to Biomedical Research Building (lower floor)at the  

Wolfson Research Centre, Campus for Aging and Vitality, Westgate Road Newcastle 

Upon Tyne, NE4 5PL. The first visit takes 1 hour and involves filling in some questionnaires, 

being assessed with rating scales and a short five-minute speech recording. The second, third 

and fourth visits takes approximately 30 minutes and involve one questionnaire and a five-

minute voice recording.  
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• Taking part in this study is entirely voluntary. You should only take part if you are 

confident to do so. You are free to withdraw from the study at any time if you do agree 

to participate. We will ask you to sign a separate consent form to confirm you are willing 

to take part.  

If you are interested in taking part in this study please continue to read the rest of 

this information sheet. If you would like further information please contact Miss Erin Miley (PhD 

student) (emiley@qmu.ac.uk, Tel: 0131 474 0000).  

Part 1 – Specific Study details  

  

Why have I been invited to take part in this study?  

You have been invited to take part as this study requires healthy participants with no mental 

health or voice problems to compare to patients with depression.  

   

We would like to assess your mood and see how this affects your speech. To take part in the 

study you must also be aged between 18 and 60 years of age. There are some reasons why it may not 

be possible for you to take part in the study. These are  

      

• If you are not fluent in English (some of the cognitive tests require that you are fluent in 

English).   

• If you or a close family relative are or have suffered from any mental health problems such 

as depression or anxiety, bipolar disorder or psychosis.   

• If you have had a diagnosis of a voice disorder within the last five years.    

  

What will happen to me if I take part?   

If you decide to take part in the study you will be invited to Academic Psychiatry at the Wolfson  

Research Centre, Institute of Neuroscience, Newcastle University, Campus for Aging and Vitality, 

Westgate Road, Newcastle Upon Tyne NE4 5PL (Old Newcastle General Hospital site) for an initial 

assessment. Here we will make a final check that you are eligible for the study, answer any further 

questions you may have about the study and if you decide you still want to take part ask you to sign a 

consent form. We would also let your GP know you are taking part in the study. Please note that as part 

of your inclusion in the study, your medical notes may be reviewed by the research team, if necessary.  

  

If you are eligible for the study and sign the consent form we will then perform the baseline 

assessments for the study. This involves asking you some basic demographic information and then 

assessing your mood with a series of questionnaires and rating scales, that will take approximately 1 

hour and 10 minutes. We would also ask you to complete a few speech tasks. These will be:  
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• Sustaining two ‘ah’ sounds for at least a few seconds each  

• Reading out a short passage  

• Talking for approximately 30 seconds about an emotionally neutral topic (e.g. ‘Describe how 

you would peel an orange’)  

  

You will be speaking simultaneously into a smartphone device and a studio recording 

microphone. The speech recordings will take no longer than five minutes to complete.   

  

You will be asked to return to the clinic three more times over the course of the study:  

  

• 8 weeks after the initial session  

• 16 weeks after the initial session  

• 26 weeks after the initial session  

  

These second, third and fourth visits will be scheduled at the initial session. If you need to 

reschedule these at a later time, you are welcome to contact the research team to do so. These 

subsequent sessions will be shorter than the first one, as we will only need you to complete one 

questionnaire and one speech recording, lasting no longer than 30 minutes in total. Following the 

fourth session, your participation in the study is complete.   

  

What happens if I don’t want to carry on with the study once I have started? You can 

withdraw from the study at any time without having to give a reason. Information collected during 

your participation in the study may still be used in an anonymised form unless you request that all 

your data is destroyed. You can withdraw all your data at any time. Withdrawal from the study would 

not affect the standard of care you receive.  Additionally if you became unwell during the study and 

were no longer able to consent to taking part we would withdraw you from the study. Information 

collected during your participation in the study may still be used in an anonymised form.  

  

What are the possible disadvantages and risks of taking part?   

The disadvantages of taking part are the time it will take you to attend Academic Psychiatry for 

the baseline assessments and speech recordings. The first visit is about 1 hour 10 minutes and the 

second, third and fourth visits about 30 minutes. During the initial screening some questions will be 

asked of a sensitive nature regarding your mental health. You do not have to answer any questions if 

you chose not to.  
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It is very important to be aware that voice recordings can never be completely anonymised. That 

is, there is always a slight risk that someone listening to the recordings for analysis may recognise your 

voice. However, we will never ask you to record any personal or sensitive information as part of the 

speech tasks, and any identifying information (like your name) will be stored separately from the voice 

recordings.    

  

  

What are the possible benefits of taking part?   

There are no immediate benefits to taking part in the study. However, you will be providing 

information for future research to build upon, as voice is investigated in greater detail in depressed 

patients. You will also be paid for your time and travel costs incurred as a result of participation (please 

see below for more details).   

PART 2  

What if I have a complaint?  

If you have a concern about any aspect of this study, you should ask to speak to the researchers 

who will do their best to answer your questions. The researchers and contact details are listed at the 

end of this document.  If you remain unhappy and wish to complain formally, you can do this by 

contacting the independent complaints advocacy service (ICAS) North East: 0300 456 8348 or 

Northumberland and Tyne and Wear NHS Foundation Trust.  Details can be obtained from ntw.nhs.uk. 

The study is insured through the indemnity scheme of Northumberland, Tyne and Wear NHS 

Foundation Trust.   

  

In the event that something does go wrong and you are harmed during the research and this is 

due to someone‘s negligence then you may have grounds for a legal action for compensation against 

Northumberland, Tyne and Wear NHS Foundation Trust but you may have to pay your legal costs. The 

normal National Health Service complaints mechanisms will still be available to you.  

  

Will my taking part in this study be kept confidential?  

• All information collected about you during the course of the study will be kept strictly 
confidential.   

• You are assigned a code when you enter the study, and from then on, only the code is used 
to identify your information. The link between your name and code is kept securely in a 
locked filing cabinet and destroyed at the end of the study.  

• Due to the nature of this study, some of your personal data will be stored in 

multiple places.   

• Your medical notes and consent forms will be stored at the Wolfson Research Centre. This 
information will only be accessible by the Chief Investigator and research team directly 
involved in the study.   
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• Questionnaire data, electronic copies of consent forms, test scores etc. will only be stored in 
coded form and kept at QMU data storage facilities for analysis, backup and archiving.  

• Your smartphone voice recordings will be securely transferred to and temporarily stored on 
a password-protected data server in a secure environment located physically in 

London, GB. These recordings will be accessed through secure networks from Queen 
Margaret University (QMU) in Edinburgh and downloaded to QMU data storage facilities for 
data analysis, backup and archiving.   

• Voice recordings with laptop and microphone will temporarily be stored on encrypted hard 
drives for transport and backup. They will then be transferred to QMU data storage facilities 
for analysis, backup and archiving.   

• All information will be stored for the duration of the study and destroyed afterwards unless 
you give your consent to longer storage on the consent form.  

• You can separately consent to further uses of your data. This will have implications 
for data storage, as your data might be transferred to other research groups, for example. In 
any case, your data will always be stored in secure environments with access management.  

• If you attend screening but are not eligible for the study, or choose not to participate, the 
information you provide will be treated with the utmost confidentiality, in the same manner 
as information from other participants, and destroyed as soon as possible.  

  

Involvement of the general practitioner/family doctor (GP)  

If you choose to take part in the study your GP will be informed by letter. If we identified any 

mental health problems we would also inform your GP.   

  

What will happen to the results of the study?  

The results of the study will be analysed by the researchers and written into a report for Queen 

Margaret University. This report may be published in a scientific journal. Neither form of the report 

would contain any personal or confidential information that could identify any individual. If you wish 

to be informed of the study results then you can contact one of the researchers who will provide a 

short summary of the study findings.   

  

Who is organising and funding the research?  

This research is organised and funded by Queen Margaret University, Edinburgh and Newcastle 

University.  

  

Will I be paid for my time in taking part in the study?  

All healthy volunteers will be paid £20 on completion of the full study. If you have to drop out of 

the study for any reason you may be paid a proportion of this amount at the discretion of the research 

team.   

  

Will I incur any costs by taking part in the study?  
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All reasonable travel expenses will be reimbursed to participants. This would cover the cost of 

any bus, train, taxi or car travel from your home to Academic Psychiatry and back for each of the 4 

visits. There are no other costs that will be incurred by you during the study.   

  

Who has reviewed the study?  

All research in the NHS is looked at by independent group of people, called a Research Ethics  

Committee, to protect your interests. This study has been reviewed and given favourable  

opinion by the NHS Health Research Authority, as well as the Graduate School at Queen Margaret 

University.   

  

Further information and contact details  

If you would further details or would like to express your interest in this study, please contact 

Prof. R Hamish McAllister-Williams:  

Prof. R Hamish McAllister-Williams -- r.h.mcallister-williams@ncl.ac.uk; 0191 208 1370 (Chief 

Investigator)  

Erin Miley – emiley@qmu.ac.uk; 07545 990 415 (PhD Student)  

Other Researchers:  

Mr. Felix Schaeffler – fschaeffler@qmu.ac.uk   
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A-5: Letter to GP 

 
Academic Psychiatry 
Wolfson Research Centre 
Campus for Ageing and Vitality 
Westgate Road 
Newcastle upon Tyne 
Tyne and Wear 
NE4 5LP 

 

 

Date: 

 

Speech Features in Clinical Depression 

 

Dear Dr 

 

RE: 

Patient’s Name: 

Address: 

 

DOB: 

 

           This letter is for information purposes only - please place in the patients’ file. 

 

Your patient has agreed to participate in a study in examining the relationship between 

vocal features and depressive symptoms in patients with a depressive disorder and control 

subjects. Participants will have the severity of their depression assessed along with three voice 

recordings of a sustained vowel, a reading passage and a short free speech task.  

Your patient has been recruited as a depressed patient and commenced the study on 

………………………. and will complete the study by…………………………………. 
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If you have any questions please do not hesitate to contact the study team.  I may be 

contacted on the following telephone number:  0191 208 1370.  

 

Yours sincerely, 

 

 

 

Prof. R.H. McAllister-Williams      Erin Miley 

Professor of Affective Disorders     PhD Doctoral Candidate 

and Honorary Consultant Psychiatrist     Queen Margaret 

University, Edinburgh 
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A-6: Suicidal Standard Operating Procedure 

STANDARD OPERATING PROCEDURES FOR: 

ASSESSING AND MANAGING SUICIDE RISK IN RELATION TO 

RESEARCH STUDIES 

SOP number Version 

number and date 

Effective from Previous 

version and date 

Review date 

XX V1.2 25/06/2018 New 25/06/2020 

Approved by R and D Manager, Lyndsey Dixon  Signature 

Author Prof. R.H. McAllister-Williams Signature 

 

Contents 

Section                                                                                                                                                                                                                                                                                                        Description Page 

1 Background and Introduction 2 

2 Scope 2 

3 Purpose 2 

4 Procedure 2 

4.1 Responsibilities 2 

4.2 Assessment of suicidal risk 3 

4.3 Management of risk 4 

4.4 Reporting/recording the incident 5 

5 Review and monitoring of this document 5 

6 References 5 

7 Appendices 6 

7.1 Definition of terms 6 



 

Page | 355  

  

1 BACKGROUND AND INTRODUCTION 

Although suicide is relatively rare in a community population, depression is a risk factor for suicide 

and suicidal thoughts are not uncommon. It is likely that researchers working on studies including 

participants with depression or other mental health problems will discover suicidal ideas or even 

intent during the course of the project. It is important that this is handled in the correct way for the 

safety of the participant. Remember asking about suicidal thoughts is not going to make it more likely 

to happen and in fact is likely to be relief to the person if they haven’t talked about it before. 

 

2 SCOPE 

This Standard Operating Procedure (SOP) applies to the assessment and management of 

suicidality. It supplements NTW SOP 18 ‘Handling Medical and Psychiatric Emergencies’. It is the 

responsibility of all members of the clinical research team to read and use this SOP. 

 

3 PURPOSE  

The purpose of this SOP is to describe the procedure to be followed if at any stage a researcher 

believes that there is a significant suicide risk with a patient who is participating in the study that has 

not been communicated to their GP or Care co-ordinator they MUST contact a PI for further advice.  

4 PROCEDURE 

4.1 Responsibilities 

 All members of the clinical research team who have contact with trial participants must be 

aware of the procedures to be followed in the event of concerns regarding suicide risk.  

 It should be noted that participants may potentially experience mild psychological distress as 

a result of discussing their diagnosis, symptoms, etc. Some participants may experience the 

request of some of the information as intrusive. As part of the mental health screening 

process, some participants may make disclosures regarding suicide and self-harm. It may also 

identify individuals who are experiencing very severe symptoms of depression or anxiety. The 

responsibility of the researcher is to be aware of these issues and to seek clinical input as 

appropriate.  

 Clinical care of participants remains the responsibility of the participants’ GP/primary care 

team and, if they are actively engaged in secondary care, their care coordination and the 

relevant multi-disciplinary care team.  
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4.2 Assessment of suicidal risk 

 Any suspicion of suicidal risk should be followed up by obtaining further 

information. A suspicion may be triggered by a comment made by a participant, 

or a response to a particular question in a rating scale (e.g. a question about 

thoughts of death in the QIDS, HAM-D or MADRS) 

 Participants have the right to refuse discussing any issues that they are not 

willing to. Permission should always be sought prior to discussion of any 

potentially distressing or embarrassing issues in order to minimize intrusion. 

However, if a participant refuses to discuss thoughts of death or suicide, this 

should raise suspicions and cause for concern 

 First, and most importantly find out if the participants’ current thoughts have 

been discussed with anybody else, especially a health care professional. If they 

have, what help is the participant currently receiving? 

 Ask more about the suicidal thoughts and risk. Do this in a sympathetic but 

factual manner, making the person feel that you are concerned to know how 

they feel and can cope with what they tell you.  

(Probe Qs: You have said/indicated that you have some thoughts about 

harming yourself. Can I ask you about this to try and understand more about 

how you are feeling?) 

o How long have they had them?  

o How persistent/much of the time are they present?  

(Probe Qs: Do you think about this every day... how long each day... 

could you spend more than an hour thinking about harming yourself.....if 

I ask you now do you want to be dead?) 

o Does the participant feel they might act on them? How immediate do 

they feel the risk is? 

(Probe Qs: how close have you been to actually harming yourself... 

do you think you might actually harm yourself today or in the near 

future?) 

 Find out what support the person is getting and whether they are likely to be 

on their own after they have seen you.  
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 If the study in which the participant is involved includes a suicide risk 

assessment (e.g. the Columbia Suicide Severity Rating Scale- C-SSRS) then 

ask the participant to complete this if this has not already been done on this 

occasion. 

 

4.3 Management of risk 

 No immediate action is needed if there are no immediate concerns regarding 

risk AND the GP and/or psychiatric team, if involved, are aware of the 

situation. 

 If you feel uncertain about the risk, then if possible you should acknowledge 

with the participant that you are aware of their feelings and you want to 

discuss the situation with you team, and/or the patient’s own GP/mental 

health care team. 

o Discuss the situation with a clinically qualified member of research staff 

– the local PI or any available research nurse or psychiatrist.  If this is 

not possible call the on call research psychiatrist (phone 03031231145 

and ask for the ‘Out of Hours Research Mental Health’ on call).  As a 

last resort, contact the patient’s care coordinator, the on call duty 

worker from the patient’s CMHT, the CRISIS team (all via the Trust 

switchboard) or the out of hours GP via the patient’s GP surgery. 

o When formulating the situation to discuss with a clinician, be aware of 

what specific terms mean (see Appendix 1- Definitions of terms). 

o Follow the advice provided by the clinically qualified member of 

research staff, or patients own clinical team, and the recommendations 

in section 4.4 below. 

 Note that a discussion with a clinician can occur even if the participant refuses 

permission if there is significant concern regarding imminent risk.  

 Every attempt should be made to keep the participant safe until assessment, 

staying with them if necessary/possible.  
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4.4 Reporting/recording the incident 

 The incident and action taken should also be recorded in the patient notes 

following the NTW Trust framework for ‘Rio Data Entry for Research’. 

 All incidents concerning risk, and the action taken, should be discussed in 

regular meetings with the study PI. 

 

5 REVIEW AND MONITORING OF THIS DOCUMENT 

This SOP will be reviewed every two years unless there is a change to the applicable 

legislation or significant revision to the process contained in the SOP.  

 

6 REFERENCES  

None 
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7 APPENDICIES 

7.1 Definitions of terms  

Suicidal Ideation  

 Passive suicidal ideation:  wish to be dead   

o Patient has thoughts about a wish to be dead or not alive anymore, or wish 

to fall asleep and not wake up. 

 Active suicidal ideation:  nonspecific (no method, intent, or plan) 

o General nonspecific thoughts of wanting to end one’s life or commit 

suicide (e.g., “I’ve thought about killing myself”) without general thoughts 

of ways to kill oneself/associated methods, intent, or plan during the 

assessment period.    

 Active suicidal ideation:  method, but no intent or plan 

o Patient has thoughts of suicide and has thought of at least one method 

during the assessment period.  This situation is different than a specific 

plan with time, place, or method details worked out (e.g., thought of 

method to kill self but not a specific plan).  Includes person who would say, 

“I thought about taking an overdose but I never made a specific plan as to 

when, where, or how I would actually do it . . . and I would never go 

through with it.” 

 Active suicidal ideation:  method and intent, but no plan 

o Active suicidal thoughts of killing oneself, and patient reports having some 

intent to act on such thoughts, as opposed to “I have the thoughts but I 

definitely will not do anything about them.”  

 Active suicidal ideation:  method, intent, and plan  

o Thoughts of killing oneself with details of plan fully or partially worked out 

and patient has some intent to carry it out (i.e., some degree of intent is 

implicit in the concept of plan).  

Suicidal Behaviour 

 Completed suicide 

o A self-injurious behaviour that resulted in fatality and was associated with 

at least some intent to die as a result of the act.  Evidence that the 

individual intended to kill him- or herself, at least to some degree, can be 

explicit or inferred from the behaviour or circumstance.   
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 Suicide attempt 

o A potentially self-injurious behaviour, associated with at least some intent 

to die as a result of the act.  Evidence that the individual intended to kill 

him- or herself, at least to some degree, can be explicit or inferred from the 

behaviour or circumstance.  A suicide attempt may or may not result in 

actual injury.  

 Interrupted suicide attempt 

o When the person is interrupted (by an outside circumstance) from starting 

a potentially self-injurious act (if not for that, actual attempt would have 

occurred).    

 Aborted suicide attempt   

o When person begins to take steps toward making a suicide attempt, but 

stops before actually engaging in any self-destructive 

behaviour.  Examples are similar to interrupted attempts, except that the 

individual stops before being stopped by something else. 

 Preparatory acts toward imminent suicidal behaviours   

o This category can include anything beyond a verbalization or thought, but 

it stops short of a suicide attempt, an interrupted suicide attempt, or an 

aborted suicide attempt.  This might include behaviours related to 

assembling a specific method (e.g., buying pills, purchasing a gun) or 

preparing for one’s death by suicide (e.g., giving things away, writing a 

suicide note). 

 

Self-Injurious Behaviour without Suicidal Intent  

 Self-injurious behaviour associated with no intent to die.  The behaviour is 

intended purely for other reasons, either to relieve distress (often referred to 

as self-mutilation (e.g., superficial cuts or scratches, hitting or banging, or 

burns)) or to effect change in others or the environment. 
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A-7: Hamilton Depression Rating Scale – HAMD-17 

 

GRID-HAMD-17  

  

  

  FREQUENCY   

1. DEPRESSED MOOD  
This item assesses feelings of sadness, hopelessness, 
helplessness, and worthlessness.   
Note: this is not a global rating of depressive illness.  

Absent or 
clinically 
insignificant   

Occasional   Much  
of the 
time  

Almost  
all the 
time  

Symptom intensity          

Absent  0        

Mild (Feelings of sadness, discouragement, low 
selfesteem, pessimism)  

0  1  1  2  

Moderate (Clear nonverbal signs of sadness,  feelings of 
hopelessness, helplessness, or worthlessness about some 
aspects of life)  

  1  2  3  

Severe (Intense sadness, hopelessness about most 
aspects of life, feelings of complete helplessness or 
worthlessness)  

  2  3  4  

Very severe (Extreme sadness; intractable hopelessness 
or helplessness)  

  3  4  4  
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   FREQUENCY   

2. GUILT  
Guilt is defined as the sense of doing something bad or 
wrong, and is accompanied by feelings of regret or 
shame.  Guilt is rated only if it is excessive or unrealistic.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom intensity          

Absent  0        

Mild (Self-critical, self-reproach, e.g., “I’ve let people 
down”)  

0  1  1  2  

Moderate (Feelings of guilt, remorse, shame; belief that 
one has done something bad or wrong)   

  1  2  3  

Severe (Pervasive feelings of guilt; feels the illness is a 
punishment for sinful deeds)  

  2  3  4  

Very Severe (Delusions, hallucinations)      4  4  

  

  

   FREQUENCY   

3. SUICIDE  Absent or 
clinically 
Insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom intensity          

Absent  0        

Mild (Feels life is not worth living, but expresses no wish 
to die, e.g., “I don’t care if I live or die”)  

0  1  1  2  

Moderate (Wishes to be dead; thoughts of dying, but no 
specific plan or intent, e.g., “If I got hit by a bus, I 
wouldn’t care,” “I’d like to go to sleep and never wake 
up”)  

  1 2  3  

Severe (Clear suicidal plan or intent; suicidal gesture, 
e.g., taking a few sleeping pills)  

  3  3  4  

Very Severe (Attempts at suicide)    4  4  4  

  

  

   FREQUENCY   

4. INSOMNIA EARLY (Time to first falling asleep)  Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Absent  0        

Mild (30 – 59 minutes to fall asleep)  0  1  1  2  

Marked (1 hour or more to fall asleep)    1  2  2  
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   FREQUENCY   

5. INSOMNIA MIDDLE (After having fallen  
asleep and until 2 hours prior to usual hour of 
waking)   

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Absent  0        

Mild (30 – 59 minutes awake)  0  1  1  2  

Marked (1 hour or more awake)     1  2  2  

  

  

   FREQUENCY   

6. INSOMNIA LATE (Within 2 hours of usual 
hour of waking) May stay awake during this time 
frame or may return to sleep after full awakening.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Absent  0        

Mild (30 – 59 minutes awake)  0  1  1  2  

Marked (1 hour or more awake)    1  2  2  

  

  

   

   FREQUENCY   

7. WORK AND ACTIVITIES  
This item assesses loss of interest or pleasure and 
impairment in functioning at work inside and outside the 
home, leisure activities, and family and social 
relationships.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom intensity          

Absent  0        

Mild (Some reduction in interest or pleasure but no clear 
impairment in functioning)  

0  1  1  2  

Moderate (Significant reduction in interest or pleasure or 
clear impairment in functioning)  

  1  2  3  

Severe (Profound reduction in interest, pleasure,  and 
functioning)  

  2  3  4  

Very Severe (Unable to work; needs help performing self-
care activities; unable to function without assistance)  

  3  4  4  
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8. PSYCHOMOTOR RETARDATION    

This item assesses retardation in movement and speech 
observed during interview.   

  

Symptom intensity    

Absent  0  

Mild (Rate of speech slightly reduced)  1  

Moderate (Rate of speech clearly reduced with noticeable 
pauses)  

2  

Severe (Interview clearly prolonged due to long breaks; all 
movements very slowed)  

3  

Very Severe (Interview cannot be completed, 
unresponsive)   

4  

  

  

  

  

  

  

  

  

  

9. PSYCHOMOTOR AGITATION    

This item assesses agitation in motor behavior and speech 
observed during interview.  

  

Symptom intensity    

Absent (movements within normal range, e.g., 
occasionally shifts position in seat)  

0  

Mild (Doubtful or slight agitation, mild restlessness, e.g., 
frequently changing position in seat, foottapping, playing 
with hair, hands, or clothes)  

1  

Moderate (Moderate to marked restlessness or  agitation, 
e.g., wringing hands, excessive scratching or picking)  

2  

Severe (Cannot sit still or stay seated even for a short 
period of time; pacing)  

3  

Very Severe (Interview cannot be conducted)  4  
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    FREQUENCY   

10. ANXIETY, PSYCHIC  
This item assesses apprehension, fear, panic, worry, as 
well as irritability.   
 Note: Do not rate physical symptoms of panic attacks 
here. Rate in item 11: Anxiety, Somatic.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom intensity          

Absent  0        

Mild (some feelings of worry or irritability)  0  1  1  2  

Moderate (excessive worry or irritability; anxiety causes 
distress; may cause some impairment in functioning)  

  1  2  3  

Severe (pervasive worry or dread; fearing the worst; 
apprehension obvious in demeanor or behavior; 
significant impairment in functioning; feelings of panic)  

  2  3  4  

Very Severe (incapacitating)    3  4  4  

  

  

    FREQUENCY   

11. ANXIETY, SOMATIC  
This item assesses physical symptoms associated with 
anxiety.  
  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almos 
t all the 
time  

Gastrointestinal (dry mouth, gas, indigestion,    
    Diarrhea, constipation, stomach cramps, belching)   
Cardiovascular (heart pounding or racing)   
Respiratory (sighing, hyperventilation)  
Other (headaches, urinary frequency, sweating,      
Lightheadedness)   

    
  

  
  

   

Symptom intensity          

Absent  0        

Mild (some distress)  0  1  1  2  

Moderate (marked distress, may cause some impairment 
in functioning)  

  1  2  3  

Severe (significant impairment in functioning)    2  3  4  

Very Severe (incapacitating)    3  4  4  
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   FREQUENCY   

12. LOSS OF APPETITE (SOMATIC  
SYMPTOMS, GASTROINTESTINAL)  
This item assesses appetite (i.e., hunger, desire, 
enjoyment of food).   
Note: Do not rate other gastrointestinal symptoms 
here. Rate in item 11: Anxiety, Somatic.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom Intensity          

Absent  0        

Mild (Some loss of appetite but eating without 
encouragement; less interest or pleasure in eating)  

0  1  1  1  

Marked (Marked loss of appetite, very little interest or 
pleasure in eating (e.g., forcing self to eat))  

  1  2  2  

  

   

   FREQUENCY   

13. SOMATIC SYMPTOMS, GENERAL  
This item assesses tiredness, loss of energy, fatigue, 
and muscular aches and pains.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom Intensity          

Absent  0        

Mild (mild tiredness, loss of energy, fatigue, feelings of 
heaviness in limbs or being weighted down, or 
muscular aches or pains)  

0  1  1  1  

Marked (prominent tiredness, loss of energy, fatigue, 
feelings of heaviness in limbs or being weighted down, 
or muscular aches or pains)  

  1  2  2  

  

   

14. SEXUAL INTEREST (GENITAL  
SYMPTOMS)  

  

This item assesses loss of interest or pleasure in sex; not 
amount of activity or sexual performance     

  

Symptom Intensity    

Absent  0  

Mild (Some loss of interest or pleasure)   1  

Marked (Marked loss of interest or pleasure)   2  
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    FREQUENCY   

15. HYPOCHONDRIASIS  
This item assesses unjustified preoccupation with having 
a general medical illness regardless of whether it is 
present or not.  

Absent or 
clinically 
insignificant  

Occasional  Much  
of the 
time  

Almost  
all the 
time  

Symptom intensity          

Absent  0        

Mild (preoccupation with bodily functions and sensations, 
but no concerns about a specific illness)  

0  1  1  2  

Moderate (Excessive or unrealistic worry about having an 
illness, e.g., “I worry that these headaches are from a 
brain tumor.”)  

  1  2  3  

Severe (Strong unrealistic conviction of having an illness, 
e.g., “I am convinced I have cancer”)  

  2  3  3  

Very Severe (Somatic delusions or hallucinations, e.g., 
“My insides are rotting”)  

  4  4  4  

  

 16. LOSS OF WEIGHT    

Rate A or B, but not both.  
Do not rate weight loss due to dieting and 
nondepression-related circumstances, e.g., weight loss 
due to general medical conditions.  

  

A.  When rating by history  
       Compare to premorbid weight when rating at         
baseline; compare to previous visit if rating at         
follow-up  

  

  No weight loss  0  

  Probable weight loss  1  

  Definite weight loss  2  

B.  When actual weight changes are measured  

Guidelines provided below apply to individuals   
Who are of average weight  

  

  Less than 1 lb. (.5 kg) loss per week since last visit  0  

  1-2 lb. (.5 – 1 kg) loss per week since last visit  1  

  More than 2-lb (> 1 kg) loss per week since last    visit  2  

  

If a person were still under their premorbid weight at a follow-up visit, they would carry forward 
their previous score, even if they have not lost additional weight (assuming that they have not gained 
any weight back).  

[For a person who has previously been given points for weight loss and has begun to gain 
weight, use the conventions above to decrease previous score, e.g., 1 - 2 lb. weight gain  (.5 – 1 kg) 
would lower a 2 to a 1, or a 1 to a 0; a greater than 2-lb (> 1 kg) weight gain would reduce a 2 or a 
1 to a zero.]  
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 17. INSIGHT    

This item assesses pathological denial of illness.  Do not 
consider denial that reflects cultural norms.  

  

Any recognition of depressive symptoms, with or without 
attribution to any cause, e.g., “I’m depressed because my 
partner always argues with me.”  

0  

Denies illness but accepts possibility of being ill,  
e.g., “I don’t think there’s anything wrong, but other 
people think there is.”  

1  

Complete denial of having any illness, e.g., “I’m not 
depressed; I’m fine.”  

2  
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A-8: Quick Inventory of Depressive Symptomatology (Self-Report) – QIDS-SR16 
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A-9: MINI Mini International Neuropsychiatric Interview  
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NB: Only the initial first 11 pages of the MINI were utilised for data collection as these pages contained 

the sections for Depressive Disorders, Suicidality and Bipolar Disorders.  
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A-10: Demographic Questionnaire 

 

 

Questionnaire – Speech Features in Clinical Depression 1.2 

Please complete the following questions to the best of your ability. If you 

do not wish to answer a question, please leave it blank.  

Age:  

Sex:  

 Female 

 Male 

 Prefer not to say 

Ethnic and Racial Background: (Please pick one) 

 White British (English, Scottish, Welsh, Irish) 

 White, Other 

 Asian or Asian British 

 Black, African, Caribbean or black British 

 Mixed or multiple ethnic background 

 Other, please specify: ________________________________________________ 

 Prefer not to say 

Are you a native English speaker? 

 Yes 

 No 

If no, how long have you been speaking English (in years): ______________________ 

Have you been given a diagnosis of a voice disorder within the last five years? 

 Yes 

 No 

Do you smoke? (This includes pipes or cigars. Does NOT include vaping)  

 Yes – daily 

 Yes – less frequently than every day 

 No 
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Please indicate with an asterisk  on the 

map, the location where you have lived 

longest. 

 

Please write the name of the place 

where you have lived the longest 

here:__________________ 

 

Please add crosses x indicating any 

locations where you have lived for more than 

a year, and write locations below: 

 

 

 

 

If you have spent a large amount of time outside of the UK, please list the country/countries here: 

___________________________________ 

 

Please select your highest level of education: 

 Primary school 

 Secondary school 

 Further education (college) 

 Higher education (university) 

 Postgraduate degree 
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A-9: Fitvoice Application Recording Guide 

Version 1.0 

March 18th, 2019 

E. Miley 

1. Setting up – Set up smartphone stand to set position (black tape on table – approximately 

15 – 20 cm from speaker’s mouth). Use measuring tape to confirm distance.  

 

2. Check smartphone is connected to wifi.  

 

3. Log into dummy account on Fitvoice application. If creating a new account, ensure optional 

project code (erinphd) is included when registering participants. Using dummy email and 

password, complete registration form and log into application. Alternatively, if re-recording 

the same participant, enter dummy email and password to log in.  
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1. Recording audio –Tell participant that recording will now begin. Stand beside smartphone 

and press ‘New Recording’ on application. 

 

2. Count down each activity (i.e. ‘Three, two, one…’) prior to pressing the ‘Record’ button on 

smartphone so that participant knows when to begin speaking. Press ‘next’ (red arrow 

below) on each screen until all three recordings are completed.  
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3. Answer all following questionnaire questions.  

 

4. Press ‘Stop’ button in Audacity. This will stop the 

recording.  

 

5. Upload file to server – Pressing the ‘Menu’ button in 

Fitvoice application will pull up a sidebar with the 

participant email account name, and three buttons. 

Click on the ‘Pending Uploads’ tab to check what 

recordings have been uploaded to the server 

previously. Check to see if recording is uploaded to 

server; this may take a few minutes to complete. This 

is very important to do! If the application is closed 

prior to successful upload, the recording is lost. Make 

sure to do this before switching accounts between 

participants.  

 

6. Once upload is confirmed, sign out of account. If smartphone is taking a while to upload, 

check wifi connection and leave application open for a few minutes before logging out.  
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6. Appendix B: Systematic Review Additional Documents 

B-1: Systematic Review Protocol  

Systematic Review Protocol  

 

Research Team:   

1. Erin Miley (EM), Queen Margaret University, Scotland  

2. Felix Schaeffler (FS), Queen Margaret University, Scotland  

3. Janet Beck (JB), Queen Margaret University, Scotland  

Proposed Title:  

A systematic review of vocal biomarkers indicative of treatment response in Depression   

Research Question(s):   

1. What is the evidence base for specific voice and speech parameters indicative of treatment 

response in depressed patients?  

Background:   

Mood disorders such as depression continue to comprise a large proportion of the global burden 

of disease on an international scale, with lifetime prevalence estimates of 12% and on the rise in 

Western developed countries (World Health Organization (WHO), 2017; Kessler et al., 2009; Heim et 

al., 2017). It is even arguable that these estimates are not truly representative of the actual number 

of individuals living with these mental health conditions, with considerable evidence pointing to the 

existence of ‘subthreshold manifestations’ (Moore and Brown, 2012); that is, when individuals display 

clinically significant clusters of symptoms that do not quite meet the diagnostic criteria laid out by the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-V; American Psychiatric Association, 

2013) or the International Classification of Diseases (ICD-11; WHO, 2018) to be labelled an actual 

disorder. Nevertheless, these symptoms can be considerable enough to cause negative health 

outcomes and poorer quality of life (Barge-Schaapveld et al., 1999; Hasche, Morrow-Howell and 

Proctor, 2010). As a health condition that typically presents with early onset (Kessler et al., 2009), 

depression continues to affect a multitude of people and societies across the world, resulting in costs 

such as reduced educational attainment and low occupational and financial status (Kessler et al., 1998; 

Kessler et al., 1995).   
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Compounding this problem of high prevalence is the heterogeneity of depression. Diagnosis is 

made when an individual exhibits five out of a possible nine total symptoms:   

• Depressed mood  

• Diminished interest in daily activities  

• Significant weight loss or gain, or a change in appetite  

• Diminished ability to think or concentrate  

• Sleep disturbances  

• Psychomotor agitation or retardation  

• Fatigue or loss of energy  

• Feelings of worthlessness or guilt  

• Recurrent thoughts of death or suicide  (American Psychiatric Association, 2013)   

A quick review of the above list reveals that many of the symptoms are ambiguous, or lie in 

opposition to others. These diagnostic criteria have led to a population of depressed individuals with 

an incredibly wide variety of clinical manifestations and severity levels.  

In light of these issues, it is apparent that establishing a core method of treatment for such a 

diverse population is a challenging to say the least, and it is less surprising to hear of the multitude of 

treatment options available for clinicians to prescribe (see Table 1). Standard courses of treatment can 

range from the pharmacological to the psychotherapeutic to finally, treatment which neuromodulates 

the patient’s functioning through application of electronic magnetic currents to certain areas of the 

brain. Each method has its own applicability to different patient subgroups, with various 

accompanying efficacy rates. As such, a clinician is offered a wide range of treatment options for each 

depressed individual they assess, with each avenue capable of further variance in terms of dosing and 

duration of administration (Malhi and Byrow, 2016).  

Table 1: Current Treatment Options for Depression (adapted from National Health Service webpage)   

Treatment Type  Examples  

Pharmacological (Antidepressants)   Selective serotonin reuptake inhibitors (SSRIs)  

Serotonin-noradrenaline reuptake inhibitors (SNRIs)   

Monoamine oxidase inhibitors (MAOIs) Tricyclics 

(TCAs)  

Psychotherapeutic (Counselling)   Cognitive Behavioural Therapy  

Interpersonal Psychotherapy Psychodynamic 

Therapy  

Neuromodulation (Brain stimulation)   Repetitive transcranial magnetic stimulation (rTMS)  

Transcranial direct stimulation (tDCS) Electroconvulsive 

therapy (ECT)  
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Stemming from this diversity, the question remains as to how to define and track a patient’s 

‘treatment response’. From the perspective of the individual with depression, response can often be 

self-determined to represent a clinically meaningful reduction in symptoms, ultimately returning to a 

pre-morbid level of functioning (Rush et al., 2006; Malhi et al., 2015). From the clinician’s point of view 

this definition is unrealistic, as a return to a complete absence of symptoms (termed ‘remission’) is 

very uncommon, with at least half of ‘remitted’ patients continuing to experience at least two 

symptoms post-treatment (Thase and Rush, 1997). As such, a more pragmatic definition of treatment 

response has been proposed by Kay and Atiq (2006), to encompass a ‘response that is good enough 

such that a change in treatment plan is not required (e.g. more than a 50% reduction in clinical rating 

scale scores)’ (pg. 3; see Table 2, as adapted from O’Reardon and Amsterdam, 1998). Treatment 

response is thus illustrated as a continuum ranging from partial response to complete refractoriness 

(Kay and Atiq, 2006; Nierenberg and Amsterdam, 1990; Nierenberg, 1992). Some interpret this 

aforementioned definition as being unnecessarily restrictive, as a strict 50% cut-off rate can ignore 

some of the individuals with depression who cross back and forth over this line over the trajectory of 

their mental health condition (Christopher and MacDonald, 2010; Trivedi et al., 2006). In reality, 

response is a dimensional concept with no clear-cut trends or steps (Malhi and Byrow, 2016).  

However, for the purposes of research this definition has been widely adopted and has come to 

be one of the foundational characteristics for ‘treatment resistant’ depression.   

Table 2: Proposed Terminology for Treatment Response (adapted from Kay and Atiq, 2006; O'Reardon and Amsterdam, 

1998)  

Treatment Response  A response that is good enough such that a 

change in treatment plan is not required (e.g. > 

50% reduction in HDRS scores)  

Treatment Nonresponse  A response that is poor enough such that a 

change in treatment plan is required (e.g. < 50% 

reduction in HDRS scores)  

Remission  Attainment of asymptomatic stage (e.g. score of 

≤ 7 on HDRS) for 2 consecutive months  

Recovery   Remission for at least 6 consecutive months  

      

 Assessing response to treatment is evidently not an easy feat for clinicians, who must take into 

account previous antidepressant trials, doses and durations as well as individual-specific 

pharmacokinetics (e.g. rapid metabolism, malabsorption) to establish optimal treatment 

effectiveness. There is a clear need for an objective method of treatment response assessment that 

healthcare providers can use in conjunction with their own clinical judgement, and the human voice 

has been identified in recent years as a potential candidate in this regard.   
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 The human voice has long been understood to provide information about a speaker’s immediate 

physiological and psychological state. Investigations into the links between depression and the voice 

have been ongoing since Emil Kraepelin’s first observations in 1921 that patients spoke ‘in a low voice, 

slowly hesitatingly, monotonously, sometimes stuttering, whispering, try[ing] several times before 

they bring out a word, becom[ing] mute in the middle of a sentence’ (p. 161, Kraepelin, 1921). Since 

then, researchers have found objective and measureable, albeit at times inconsistent, results 

implicating the voice as being a sensitive output system.   

 Measures related to the frequency of the voice, corresponding to the ‘pitch’ we hear, have been 

somewhat indicative of depressive status. In particular, the amplitude of the fundamental frequency 

(F0) may be one of the speech parameters most closely associated with improvements in symptom 

severity (Stassen et al., 1998). Fluctuations in vocal pitch are directly related to muscular and 

respiratory effort, as an individual needs to exert control over phonation intensity and rate at the level 

of the larynx. Other research has found significant correlations between measures of the minimum 

fundamental frequency and recovery from depressive symptoms (Ellgring and Scherer, 1996) for 

female participants only, possibly highlighting a gender effect but equally likely to be a consequence 

of a small sample size. In contrast, other research points to no significant correlation between F0 

variables and symptoms of depression (Alpert et al., 2001; Cannizzaro et al., 2004; Quatieri and 

Malyska, 2012; Yang et al., 2012; Mundt et al., 2012). It is possible that these inconsistencies in findings 

relate back to F0 being a major paralinguistic marker for more than just psychological state; it carries 

information about speaker-specific affective state (Ellgring and Scherer, 1996), personality traits (Yang 

et al., 2012), and sociolinguistic background (cf. Campbell-Kibler,  

2010). In the search for depression-specific markers of treatment response, frequency 

parameters may simply be too affected by other individualistic characteristics, and as such researchers 

have turned to other vocal parameters for investigation.  

 Speech timing measures, such as speaking rate or pausing behaviour, appear to be more 

promising markers of depressive symptom severity than those related to frequency. Stassen and 

colleagues (1998) found that mean pause duration, in addition to frequency amplitude, was also 

closely related to early symptomatic improvement over the first few weeks of treatment, as well as 

the degree of response to pharmacological intervention. Ellgring and Scherer (1996) likewise found 

that measures of speech rate and pause duration were linked to subtle changes in symptom severity. 

More recent research also suggests that individuals with depression slow their syllable rate and insert 

more frequent and longer pause times throughout their speech (Mundt et al., 2007), suggesting that 

this avenue of vocal behaviour may be a more accurate clinical indicator of depressive symptomology.   
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 From a cognitive psychology perspective, it appears that cognitive impairments associated with 

depression may affect an individual’s phonological loop, resulting in phonation and articulation errors 

(Christopher and MacDonald, 2005; Krajewski et al., 2005). Research does appear to support this 

notion, as speech in depressed individuals demonstrates poor planning (as seen in difficulty with word 

choice; Alpert et al., 2001; Mundt et al., 2012) and articulatory precision, possibly due to impaired 

neuromuscular coordination processes (Krajewski et al., 2005; Cummins et al., 2015).   

The above evidence suggests that speech is affected by the onset of depressive symptoms, 

but it remains to be determined how these vocal parameters fluctuate over the course of a depressive 

individual’s lifetime and/or depressive episodes, and whether these characteristics return to 

premorbid levels after responding to a course of treatment. The causal factor behind these vocal 

fluctuations has also not been substantially established within the literature; although a few authors 

have postulated certain theories as to the causal mechanism behind speech planning and production 

related changes in mental health conditions.  

 Depression has commonly been linked to a depletion of dopamine in certain neural regions, and 

early studies have proposed that antidepressants’ effect on dopaminergic tone, particularly in the 

basal ganglia during treatment response, may have an effect on motor control and articulatory 

settings, leading to downstream variations in prosody, loudness and vocal quality (Darby et al., 1984; 

Cannizzaro et al., 2004). As individuals with depression undergo treatment, evidence suggests that 

monoaminergic tone in basal ganglia structures and the nucleus accumbens appears to normalize 

(Pallis, Thermos and Spyraki, 2001), potentially causing associated speech-related symptoms to revert 

to pre-morbid conditions.   

 Other treatment-related changes in speech related to decreases in depressive symptom severity 

may be associated with general changes in posture and overall bodily tension. Changes in muscular 

tension, especially at the level of the larynx, will affect phonatory behaviour as well as constrain 

articulatory movements further upward in the vocal tract and facial musculature (Scherer, 1986; Roy 

et al., 2009; cf. Cummins et al., 2015). As muscular tension is alleviated and motor control regained, 

acoustic variables such as shimmer, jitter and higher glottal spectrum frequency energy (Ozdas et al., 

2004; Quatieri and Malyska, 2012; Honig et al., 2014), as well as loudness levels and vocal quality may 

possibly return to pre-depressive levels. Posture can also affect respiration, with better control over 

timing and pausing behaviours, ultimately resulting in more natural-sounding speech (Kreiberg, 2010; 

cf. Cummins et al., 2015). It has also been postulated that antidepressant medication itself may have 

an adverse effect on depressed speech and energy distribution within the speech signal as known side 

effects include ‘dry’ mouth and a change in saliva production (France et al., 2000).   
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 In light of this diverse set of objective and measureable changes within the speech output of 

depressed individuals, there is a need for an analytical review of the literature examining specific 

effects of different treatment options on the voice and speech parameters.   

Outcome Measures  

• Primary Outcome:  

I.  Studies investigating treatment for Major Depressive Disorder (whether 

pharmacological, neuromodulation or psychotherapeutic) and vocal or 

speechrelated parameters for a minimum of four weeks (to ensure adequate 

exposure to intervention to elicit potential response) (Melfi et al., 1998; Lin et al., 

1995)    
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Methods  

Design: The systematic review will be conducted using the following protocol. This protocol has 

been designed according to standards set by the Cochrane Handbook for Systematic Reviews of 

Interventions (v. 5.20), the PRISMA (Preferred Reporting Items for Systematic Reviews and 

MetaAnalysis) [Moher et al., 2009], and the Checklist for Research Quality Appraisal/Cochrane Risk of 

Bias Assessment Tool (Higgins et al., 2011).   

Eligibility and PICO:  

• Population: Female and male adults (i.e. over age 18) with Major Depressive Disorder with 

no other co-morbid mental health conditions (meeting DSM-V diagnostic criteria), vocal 

parameters must be assessed at a minimum two time points over course of study.  

Population will not be limited to specific care setting (e.g. acute, outpatient, etc.).   

• Intervention: Any pharmacologic, psychotherapeutic or neuromodulatory intervention, not 

limited to any dose or care setting, for a minimum of four weeks.   Comparison: Placebo or 

no intervention   Outcomes:  

o Response to treatment, as defined as a 50% reduction in clinical rating scale score over 

the course of intervention  

   Any of the following valid rating scales will be accepted: Hamilton  

Depression Rating Scale (HAMD-17 or HAMD-21), Montgomery-Asberg  

Depression Rating Scale (MADRS), and/or Beck Depression Inventory (BDI)  

o Changes in vocal parameters, specifically those pertaining to:  

 Frequency – e.g. mean pitch, pitch standard deviation, etc.   

 Perturbation – e.g. smoothed cepstral peak prominence, shimmer, jitter, etc.   

 Glottal Pulse Efficiency – e.g. slope, tilt, comparison of first two harmonics, 

etc.   

 Added Noise – e.g. harmonics to noise ratio, glottal noise excitation  

 Timing – e.g. speech rate, total pause time, number of pauses, 

vocalization/pause ratio, etc.   

Inclusion criteria: Systematic reviews, Randomised Controlled Trials (RCT), observational studies, 

case control studies, electronically published in peer reviewed journals in English, from January 1980 

to August 2018, investigating:  

• Response to pharmacologic and/or neuromodulatory and/or psychotherapeutic treatment  

AND  

• Voice or speech parameter  
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Exclusion Criteria: Review studies, qualitative studies or studies investigating children (0 – 17 

years)  

Search methods for identification of studies  

We will search the following electronic databases: Scopus, PUBMED/MEDLINE, PROQUEST, 

EBSCO, Google Scholar, Keele Web of Science and the Cochrane Library. We will also complete 

handsearches of reference lists of eligible articles.  

Searches will be re-run just prior to final analysis and write-up, with additional studies being 

included in final review.   

• Title, abstract and indexing terms search58   

Key Search Terms: (‘depression’ OR ‘MDD’ OR ‘melancholia’ OR ‘affective disorder’) AND 

(‘intervention’ OR ‘treatment’ OR ‘therap*’) AND (‘voice’ OR ‘speech’ OR ‘acoustic’ OR ‘auditory 

analysis’ OR ‘pitch’ OR ‘loudness’ OR ‘vocal*’) NOT (‘Parkinson’s Disease’)  

• Searching other resources o Reference searching  

A hand search of references for each selected study will be completed by a single researcher (EM) 

to identify additional studies for inclusion.   

Data Collection and Analysis  

• Selection of Studies and Data Extraction   

Titles and abstracts from the combined searches (detailed above) will be reviewed by a single 

researcher (EM) and systematically audited by a second researcher (FS). In cases of disagreement, an 

independent advisor (JB) will make the final decision.   

All data extraction will be collected and stored on a Microsoft Excel file, with Zotero being utilised 

to audit references.   

• Study Quality  

Appraisal System: Critical Appraisal Skills Programme (CASP) tool (Critical Appraisal Skills  

                                                           
58 Appendix A outlines search terms per specific database syntax rules.  
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Programme, 2013), PRISMA checklist (Moher et al., 2009) and Template for Intervention 

Description and Replication (TIDieR) (Hoffmann et al., 2014)   

Evidence will be critically appraised independently by the primary researcher (EM) (and 

systematically audited by a secondary researcher [FS]) employing a standard methodological tool (the 

Cochrane Risk of Bias Assessment Tool; Higgins et al., 2011). A third independent reviewer (JB) will 

make the final assessment in case of disagreement, with a final decision being made by consensus. A 

decision of ‘high’, ‘low’, or ‘unclear’ risk of bias will be made for each included study.   

Each study selected for inclusion will be assessed individually for quality. The PRISMA (Moher et 

al., 2009) checklist will be utilised to establish the methodological quality of studies included in the 

review, and the TIDieR checklist (Hoffmann et al., 2014) will be employed to assess the adequacy of 

each study’s intervention reporting.   

• Statistical Analysis   

It is anticipated that there is limited scope for meta-analysis in this review due to the large range 

of intervention types and vocal parameters being investigated. However, where studies utilise the 

same type of treatment (e.g. pharmacological), effect sizes will be calculated using standardised mean 

differences (SMD) with 95% confident intervals.   

Heterogeneity will be assumed a priori and assessed using the I2 statistic (Higgins and Thompson, 

2002; Higgins et al., 2003), given the anticipated low number of studies to be included in the 

systematic review. Any I2 values < 60% will be considered acceptable (p <0.05).   

• Strategy for data synthesis  

A narrative synthesis approach will be utilised for the included studies in this review. The 

narrative will pool together characteristics of the samples from each study, as well as specific 

methodologies, intervention strategies, service deliveries and results from each.   

   Analysis of subgroups or subsets  

If data are available, subgroup analyses will be conducted for type of intervention (i.e. 

pharmacological vs. psychotherapeutic vs. neuromodulatory). Other subgroup analyses may be 

carried out based on additional findings of the review.   

Timeline for Review  

Task   Start Date  Duration (days)  End Date  

Finish first draft of protocol  15/09/2018  19  04/10/2018  
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Send protocol to supervisory team for edits  21/09/2018  12  03/10/2018  

Final draft of protocol  05/10/2018  8  13/10/2018  

Register protocol on Prospero  13/10/2018  12  25/10/2018  

Article search  28/10/2018  28  25/11/2018  

Data extraction  26/11/2018  90  24/02/2019  

Synthesis  11/02/2019  63  15/04/2019  

Second search  01/04/2019  14  15/04/2019  

Write Up  18/04/2019  60  17/06/2019  

Send to publications and disseminate   20/06/2019  30  20/07/2019  
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 Systematic Review Protocol, version 1.0  Queen Margaret University  

  

 

  

  

   

Figure  1  Gantt Chart for Systematic Review Tasks :   

07/09/2018 27/10/2018 16/12/2018 04/02/2019 26/03/2019 15/05/2019 04/07/2019 23/08/2019 

Finish first draft of protocol 

Send protocol to supervisory team for edits 

Final draft of protocol 

Register protocol on Prospero 

Article search 

Data extraction 

Synthesis 

Second search 

Write Up 

Send to publications and disseminate 
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 Appendix A: Search Terms for Databases  

PROQUEST: ((ti(depress*) OR ti(MDD) OR ti(affective disorder) OR ti(melancholia) NOT 

ti(Parkinson's)) AND PEER(yes)) AND ((su(speech) OR su(voice) OR su(acoustic analysis) OR 

su(auditory) OR su(vocal) OR su(pitch) OR su(loudness)) AND PEER(yes)) AND ((su(intervention) OR 

su(therapy) OR su(treatment)) AND PEER(yes))  

PUBMED: ((((((depress*[Title/Abstract]) OR MDD[Title/Abstract]) OR 

melancholia[Title/Abstract]) OR  

'affective disorder'[Title/Abstract] NOT Parkinson's Disease[Title/Abstract])) AND 

(((((((speech[MeSH Terms]) OR voice[MeSH Terms]) OR acoustic[MeSH Terms]) OR auditory [MeSH 

Terms]) OR vocal[MeSH Terms]) OR pitch[MeSH Terms]) OR loudness[MeSH Terms])) AND 

(((intervention) OR treatment) OR therapy)   

Scopus: ( TITLE-ABS-KEY ( 'depress$' )  OR  TITLE-ABS-KEY ( mdd )  OR  TITLE-ABSKEY 

( 'melancholia' )  OR  TITLE-ABS-KEY ( 'affective  AND  disorder' ) )  AND  ( TITLE-ABS- 

KEY ( intervention )  OR  TITLE-ABS-KEY ( treatment )  OR  TITLE-ABS-KEY ( therapy ) )  AND  ( TITLE- 

ABS-KEY ( voice )  OR  TITLE-ABS-KEY ( speech )  OR  TITLE-ABS-KEY ( auditory )  OR  TITLE-

ABSKEY ( acoustic )  OR  TITLE-ABS-KEY ( pitch )  OR  TITLE-ABS-KEY ( loudness )  OR  TITLE-

ABSKEY ( vocal ) )   

Google Scholar: (depression, OR MDD, OR melancholia, OR affective OR disorder -parkinson's – 

disease) AND (intervention, OR therapy, OR treatment) AND (voice, OR speech, OR acoustic, OR 

auditory, OR vocal, OR pitch, OR loudness)  

Keele Web of Science:  TI = (depress* OR melancholia OR affective disorder OR MDD) NOT  

TI=Parkinson's  AND TS= (intervention OR treatment OR therap*) AND TS = (voice OR speech OR acoustic 

OR auditory OR pitch OR loudness OR vocal)  

EBSCO Research Databases (Includes CINAHL) :   
(TI depress* OR TI MDD OR TI Melancholia OR TI Affective Disorder NOT TI Parkinson's) AND (  

SU intervention OR SU therapy OR SU treatment ) AND (  

SU voice OR SU speech OR SU acoustic OR SU auditory OR SU vocal OR SU pitch OR loudness )  

Cochrane Library:   

#1  (depression):ti,ab,kw OR (MDD):ti,ab,kw OR (affective disorder):ti,ab,kw OR  

(melancholia):ti,ab,kw NOT (Parkinson's):ti,ab,kw (Word variations have been searched)   

#2  (treatment):ti,ab,kw OR (intervention):ti,ab,kw OR (therapy):ti,ab,kw (Word variations have 

been searched)   

#3  (voice):ti,ab,kw OR (speech):ti,ab,kw OR (acoustic):ti,ab,kw OR (auditory):ti,ab,kw OR  

(vocal):ti,ab,kw (Word variations have been searched)    
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#4  #1 and #2 and #3 with Cochrane Library publication date between Jan 1980 and Aug 2018 

B-2: Title and Abstract Screening Tool   

Data Extraction Tool  

Reviewer Erin Miley 

Date form completed  

 

Study Details  

Title   

Author  

Year 
Published 

 

Journal   

Location 
(Country/City)  

 

Language  

 

  Location in text 
(Page/Figure/Table/Other)  

Type of study   RCT 

 Non-RCT 

 Case control study  

 Other: __________ 

 

Start Date 
 
End Date  

 
 
 

 

Outcomes measured  
 

  

 

Participants 

   

Setting    

Diagnosis of Participants   

Diagnostic Criteria Used   

Enrolment Eligibility  
a. Inclusion Criteria 
b. Exclusion Criteria  

a.  
b.  

 

Recruitment process    

Total number randomised 
(or total population for non-
RCT) 

  

Age range (mean age)    

Gender (% female)   
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Ethnicity    

Sample size    

Any other relevant 
sociodemographic 
information  

  

Any subgroups established   

Notes    

 

Intervention  

  Location in text 
(page/figure/table/other)  

Intervention Description  

Duration of 
intervention 
studied (total study 
duration)  

 

Frequency 
(daily/weekly)  

 

Type of 
Intervention  

Type  Pharmacologic: 
_____________ 

 Psychotherapy: 
_____________ 

 Neuromodulatory: 
______________ 

 

Notes   

 

Outcomes  

   Location in text 
(page/figure/table/other)  

Comparison  Responders vs. non-responders 

 Treatment vs. control  

 

Outcome   

Outcome classification  Frequency Related 

 Timing Related 

 Formant Behaviour  

 Other: _________________ 

 

Speech tasks     

Time Point (from start 
or end of intervention)  

  

Results Intervention Comparison  

 Mean SD N Mean SD N  

        

Effect Size  Effect size: 
Standard error:  
Inverse variance:  
95% confidence interval 
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Any other results 
reported (e.g. Odds 
Ratio)  

  

Statistical method 
used 

  

Recording Conditions   

Notes    

 

 

Other Information 

  Location in text 
(page/figure/table/other)  

Author’s conclusions   

References to other 
relevant studies  

  

Reviewer’s conclusions   

Notes    

 

 

Quality Appraisal Tool – Choose appropriate one for type of study (attach)  

 Intervention Review (Randomized) – Cochrane RoB 1.0/RoB 2.0 Tool  

 Intervention Review (Non-randomized) – ROBINS tool  
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B-3: Quality Appraisal Tool  

 

The above is the tool used when the article in question was identified as a Randomised Control 

Trial (RCT) study design.  
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The above shows the tool used when the article in question was identified as a Controlled Before and 

After (CBA) study design.  
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The above shows the tool used when the article in question was identified as an Uncontrolled 

Longitudinal Study (ULS) study design.  
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7. Appendix C: Data Extraction Additional Documents  

C-1: Praat Script for Monophthong Formant Extraction 

clearinfo 

selsounds = numberOfSelected ("Sound") 

 

if selsounds = 0 

 exit No sounds selected! 

endif 

 

 

 

#formant values according to praat help Sound: To formant (burg)... 

 

 

beginPause: "Select gender" 

       comment: "Speaker is ..." 

     quality = endPause: "male", "female", 0 

  if quality == 1 

   maxf = 5000 

  else  

   maxf = 5500 

  endif 

 

maxf = 5500 
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print file'tab$'label'tab$'msdur'tab$' 

print 

F1mean100'tab$'F1mean80'tab$'F1left'tab$'F1right'tab$'F1left10'tab$'F1right90'tab$'F1_mid'tab$' 

print 

F2mean100'tab$'F2mean80'tab$'F2left'tab$'F2right'tab$'F2left10'tab$'F2right90'tab$'F2_mid'tab$' 

print 

F3mean100'tab$'F3mean80'tab$'F3left'tab$'F3right'tab$'F3left10'tab$'F3right90'tab$'F3_mid'tab$' 

printline 

 

for ncount from 1 to selsounds 

 curname'ncount'$ = selected$ ("Sound",ncount) 

endfor 

 

for cursound from 1 to selsounds 

name$ = curname'cursound'$ 

gesdur = 0 

 

select Sound 'name$' 

To Formant (burg)... 0 5 maxf 0.025 50 

 

select TextGrid 'name$' 

 

loop = Get number of intervals... 1 

for i from 1 to loop 

 actlabel$ = Get label of interval... 1 i 
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 if actlabel$ = "IY1" | actlabel$ = "OW1" | actlabel$ = "UW1" | actlabel$ = "EY1" | actlabel$ = 

"AE1" | actlabel$ = "AA1" | actlabel$ = "AO1"| actlabel$ = "EH1" | actlabel$ = "IH1" | actlabel$ = 

"UH1"  

  print 'name$'  

  print 'name$' 

  printtab 

  print 'actlabel$' 

  printtab 

  start = Get starting point... 1 i 

  end = Get end point... 1 i 

  dur = end-start 

  milidur = dur * 1000 

  print 'milidur:1' 

  printtab 

  durhalf = dur/2 

  middle = start+durhalf 

  dur80 = dur * 0.8 

  durdiff = (dur-dur80)/2 

  start80 = start+durdiff 

  end80 = end-durdiff 

  select Formant 'name$' 

 

  fone100m = Get mean... 1 start end Hertz 

  fone80m = Get mean... 1 start80 end80 Hertz 

  fonezero = Get value at time... 1 start Hertz Linear 
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  fonehundr = Get value at time... 1 end Hertz Linear 

  fone20 = Get value at time... 1 start80 Hertz Linear 

  fone80 = Get value at time... 1 end80 Hertz Linear 

  fonemiddle = Get value at time... 1 middle Hertz Linear 

 

  ftwo100m = Get mean... 2 start end Hertz 

  ftwo80m = Get mean... 2 start80 end80 Hertz 

  ftwozero = Get value at time... 2 start Hertz Linear 

  ftwohundr = Get value at time... 2 end Hertz Linear 

  ftwo20 = Get value at time... 2 start80 Hertz Linear 

  ftwo80 = Get value at time... 2 end80 Hertz Linear 

  ftwomiddle = Get value at time... 2 middle Hertz Linear 

 

  fthr100m = Get mean... 3 start end Hertz 

  fthr80m = Get mean... 3 start80 end80 Hertz 

  fthrzero = Get value at time... 3 start Hertz Linear 

  fthrhundr = Get value at time... 3 end Hertz Linear 

  fthr20 = Get value at time... 3 start80 Hertz Linear 

  fthr80 = Get value at time... 3 end80 Hertz Linear 

  fthrmiddle = Get value at time... 3 middle Hertz Linear 

 

  print 'fone100m:3' 

  printtab 

  print 'fone80m:3' 

  printtab 
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  print 'fonezero:3' 

  printtab 

  print 'fonehundr:3' 

  printtab   

  print 'fone20:3' 

  printtab 

  print 'fone80:3' 

  printtab  

  print 'fonemiddle:3' 

  printtab 

 

  print 'ftwo100m:3' 

  printtab 

  print 'ftwo80m:3' 

  printtab 

  print 'ftwozero:3' 

  printtab 

  print 'ftwohundr:3' 

  printtab   

  print 'ftwo20:3' 

  printtab 

  print 'ftwo80:3' 

  printtab  

  print 'ftwomiddle:3' 

  printtab 
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  print 'fthr100m:3' 

  printtab 

  print 'fthr80m:3' 

  printtab 

  print 'fthrzero:3' 

  printtab 

  print 'fthrhundr:3' 

  printtab   

  print 'fthr20:3' 

  printtab 

  print 'fthr80:3' 

  printtab  

  print 'fthrmiddle:3' 

  printtab 

 

  printline 

 endif 

 select TextGrid 'name$' 

endfor 
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C-2: Praat Script for Diphthong Formant Extraction 

clearinfo 

selsounds = numberOfSelected ("Sound") 

 

if selsounds = 0 

 exit No sounds selected! 

endif 

 

 

 

#formant values according to praat help Sound: To formant (burg)... 

 

 

beginPause: "Select gender" 

       comment: "Speaker is ..." 

     quality = endPause: "male", "female", 0 

  if quality == 1 

   maxf = 5000 

  else  

   maxf = 5500 

  endif 

 

maxf = 5500 
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#print file'tab$'label'tab$'msdur80'tab$'F1transtime'tab$'F1transvalue 

#print 'tab$'F2transtime'tab$'F2transvalue 

#print 'tab$'90endtime'tab$'F190endvalue'tab$'F290endvalue 

#printline 

 

for ncount from 1 to selsounds 

 curname'ncount'$ = selected$ ("Sound",ncount) 

endfor 

 

for cursound from 1 to selsounds 

name$ = curname'cursound'$ 

gesdur = 0 

 

select Sound 'name$' 

To Formant (burg)... 0 5 maxf 0.025 50 

 

select TextGrid 'name$' 

 

loop = Get number of intervals... 1 

for i from 1 to loop 

   

 actlabel$ = Get label of interval... 1 i 

 if actlabel$ = "AY1"  

  print 'name$' 

  printtab 
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  print 'actlabel$' 

  printtab 

  start = Get starting point... 1 i 

  end = Get end point... 1 i 

  dur = end-start 

  durhalf = dur/2 

  middle = start+durhalf 

  dipint = Get interval at time: 2, middle 

  dipword$ = Get label of interval: 2, dipint 

  print 'dipword$' 

  printtab 

  steps = dur div 0.02 

  steps = steps +2 

  print 'steps' steps 

  printtab 

  select Formant 'name$' 

   

  next = start-0.02 

  header = -20 

 

 

  for y from 1 to steps 

   print 'header' 

   printtab 

   header = header + 20   
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  endfor 

  printline 

  printtab 

  printtab 

  printtab 

  print F1 

  printtab 

  for y from 1 to steps 

   fonecur = Get value at time... 1 next Hertz Linear 

   print 'fonecur:1' 

   printtab 

   next = next + 0.02  

  endfor 

  printline 

  printtab 

  printtab 

  printtab 

  print F2 

  printtab 

  next = start-0.02 

  for y from 1 to steps 

   ftwocur = Get value at time... 2 next Hertz Linear 

   print 'ftwocur:1' 

   printtab 

   next = next + 0.02  
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  endfor 

  printline 

  printtab 

  printtab 

  printtab 

  print Time 

  printtab 

  next = start-0.02 

  for y from 1 to steps 

   print 'next:5' 

   printtab 

   next = next + 0.02  

  endfor  

  printline 

 

       

   

   

     

 endif 

 select TextGrid 'name$' 

endfor 
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C-3: Praat Script for Acoustic Analysis  

#Version 1.0 

#Date 23/09/19 

#added SDF0 in semitones 

 

 

#Previous changes 

#Date 13/09/18 

#changed by FS 

#added STDEV for h1-h2 and h1-h2corr, using a 'function of totals' approach 

#see e.g. here: 

#https://math.stackexchange.com/questions/102978/incremental-computation-of-standard-

deviation 

 

#previous changes 

#Date: 02/12/2017 

#changed by: FS 

#removed underscores from header row 

 

#non-shell, more recent version derived from: 

#my_cpps7_shell_test  

# 

# script uses parts of published method (extraction of voiced parts, avqi and composite 

parameters) from  

# Maryn and Weenink (2015). Objective Dysphonia Measures in the Program Praat:  

# Smoothed Cepstral Peak Prominence and Acoustic Voice Quality Index. 
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# Journal of Voice 29(1), 35-43 

# cf word document appended to paper for original script 

 

#note: F0 ranges deviate from original Maryn et al script.  

#we use 75-300 for male and 100-600 for female 

# 

#includes procedure to extract voiced segments 

 

# comment/uncomment line below to keep or clear content of info window 

clearinfo  

 

#change this: 1=male, 2=female 

gender = 1  

  

 

print file CPPS HNR Shim1 SHDB1 Slope Tilt AVQI  

print meanF0 SDF0 SDF0ST 95F0 05F0 Shim2 SHDB2 JitRAP  

print JitPPQ5 GNEmean GNElvh GNElh GNEll GNEvhvh  

printline h1h2 h1h2corr h1h2stdev h1h2corrstdev gender  

 

selsounds = numberOfSelected ("Sound") 

 

if selsounds = 0 

 exit Nothing selected! 

endif 
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for ncount from 1 to selsounds 

 curname'ncount'$ = selected$ ("Sound",ncount) 

endfor 

 

for cursnd from 1 to selsounds 

 

 pt$ = curname'cursnd'$ 

 

#loop over sounds 

 select Sound 'pt$' 

  

 #adapt f0 and formant procedures to sex of speaker. 1=male, everything else = female 

 

 select Sound 'pt$' 

 sampfreq = Get sampling frequency 

 if gender = 1 

  pbot = 75  

  pceil = 300 

  formantmax = 5000 

 else 

  pbot = 100 

  pceil = 600 

  formantmax = 5500 

 endif 
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 #printline 'pbot', 'pceil', 'formantmax' chosen 

 

 #f0 adaptation ends  

 

 ######extraction of voiced parts only start 

 

 Filter (stop Hann band)... 0 34 0.1 

 Rename... 'pt$'original 

  

  

 samplingRate = sampfreq 

 intermediateSamples = Get sampling period 

 Create Sound... onlyVoice 0 0.001 'samplingRate' 0  

 select Sound 'pt$'original 

 To TextGrid (silences)... 50 0.003 -25 0.1 0.1 silence sounding 

 select TextGrid 'pt$'original 

 nofsounds = Count intervals where: 1, "is equal to", "sounding" 

 nofsilence = Count intervals where: 1, "is equal to", "silence" 

 select Sound 'pt$'original 

 plus TextGrid 'pt$'original 

 Extract intervals where... 1 no "does not contain" silence 

 Concatenate 

 select Sound chain 

 Rename... onlyLoud 
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 ##delete pesky sound objects 

 

 for curdel from 1 to (nofsilence-1) 

  select Sound 'pt$'original_silence_'curdel' 

  Remove 

 endfor 

 

 # end delete sound objects 

 

#printline part 4 

 

 select Sound onlyLoud 

 globalPower = Get power in air 

 #select TextGrid original 

 #Remove 

 select Sound onlyLoud 

 signalEnd = Get end time 

 windowBorderLeft = Get start time 

 windowWidth = 0.03 

 windowBorderRight = windowBorderLeft + windowWidth 

  

 voicelessThreshold = globalPower*(30/100) 

 select Sound onlyLoud 

 extremeRight = signalEnd - windowWidth 
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 while windowBorderRight < extremeRight 

  Extract part... 'windowBorderLeft' 'windowBorderRight' Rectangular 1.0 no 

  select Sound onlyLoud_part 

  partialPower = Get power in air 

  if partialPower > voicelessThreshold 

   call checkZeros 0 

   if (zeroCrossingRate <> undefined) and (zeroCrossingRate < 3000) 

    select Sound onlyVoice 

    plus Sound onlyLoud_part 

    Concatenate 

    Rename... onlyVoiceNew 

    select Sound onlyVoice 

    Remove 

    select Sound onlyVoiceNew 

    Rename... onlyVoice 

   endif 

  endif 

  select Sound onlyLoud_part 

  Remove 

  windowBorderLeft = windowBorderLeft + 0.03 

  windowBorderRight = windowBorderLeft + 0.03 

  select Sound onlyLoud 

 endwhile 
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 #printline part 5 

 #remove most 

 selectObject: "Sound 'pt$'original" 

 plusObject: "TextGrid 'pt$'original" 

 plusObject: "Sound onlyLoud" 

 Remove 

 select Sound onlyVoice 

 Rename... onlyVoice_'pt$' 

 orig$ = pt$ 

 pt$ = "onlyVoice_'pt$'"  

 

 

 ######extraction of voiced parts only end 

 

 

 

 

 

 

 #################### 

 #calculate spectral slope, slope of Ltas 

 

 select Sound 'pt$' 

# printline 'pt$' 

 To Spectrogram... 0.03 4000 0.002 20 Gaussian 
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 select Sound 'pt$' 

 To Ltas... 1 

 slope = Get slope... 0 1000 1000 10000 energy 

 

 #end slope 

 #################### 

 #calculate cpps 

 

 select Sound 'pt$' 

 To PowerCepstrogram... 60 0.002 5000 50 

 cpps = Get CPPS... no 0.01 0.001 60 330 0.05 Parabolic 0.001 0 Straight Robust 

 

 #end cpps 

 #################### 

 #calculate tilt, i.e. slope of trend line  

 

 select Ltas 'pt$' 

 Compute trend line... 1 10000 

 tilt = Get slope... 0 1000 1000 10000 energy 

 

 #end tilt 

 ################### 

 #calculate shimmer (shim and shdb) 

 

 select Sound 'pt$' 
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 To PointProcess (periodic, cc)... 50 400 

 Rename... 'pt$'1 

 select Sound 'pt$' 

 plus PointProcess 'pt$'1 

 percentShimmer = Get shimmer (local)... 0 0 0.0001 0.02 1.3 1.6 

 shim = percentShimmer*100 

 shdb = Get shimmer (local_dB)... 0 0 0.0001 0.02 1.3 1.6 

 

 #end shimmer 

 ################## 

 #calculate Praat standard HNR 

 

 select Sound 'pt$' 

 To Pitch (cc)... 0 pbot 15 no 0.03 0.45 0.01 0.35 0.14 pceil 

 select Sound 'pt$' 

 plus Pitch 'pt$' 

 To PointProcess (cc) 

 Rename... 'pt$'2 

 select Sound 'pt$' 

 plus Pitch 'pt$' 

 plus PointProcess 'pt$'2 

 voiceReport$ = Voice report... 0 0 pbot pceil 1.3 1.6 0.03 0.45 

 hnr = extractNumber (voiceReport$, "Mean harmonics-to-noise ratio: ") 

 

 #end HNR 
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 ################# 

 #get jitter (rap, ppq5) from voicereport, test shimmer  

 

 jitrap = extractNumber (voiceReport$, "Jitter (rap): ") 

 jitppq5 = extractNumber (voiceReport$, "Jitter (ppq5): ") 

 shim2 = extractNumber (voiceReport$, "Shimmer (local): ") 

 shdb2 = extractNumber (voiceReport$, "Shimmer (local, dB): ") 

 

 #end jitter 

 ################ 

 #derive AVQI 

 

 avqi = 9.072-0.245*cpps-0.161*hnr-0.470*shim+6.158*shdb-0.071*slope+0.170*tilt 

 

 #end AVQI 

 ################ 

 #get pitch measures (mean, sd, 5 and 95% quantiles 

 

 select Pitch 'pt$' 

 meanpitch = Get mean: 0, 0, "Hertz" 

 stdpitch = Get standard deviation: 0, 0, "Hertz" 

 stdstpitch = Get standard deviation: 0, 0, "semitones" 

 quant95 = Get quantile: 0, 0, 0.95, "Hertz" 

 quant05 = Get quantile: 0, 0, 0.05, "Hertz" 
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 #end pitch 

 ############### 

 #calculate GNE (5 different, 1 overall and 4 diff frequency bands) 

 # 

 # general settings follow Godino-Llorente et al (2010) 

 # Godino-Llorente, J., Osma-Ruiz, V., Sáenz-Lechón, N., Gómez-Vilda, P.,  

 # Blanco-Velasco, M. and Cruz-Roldán, F. 2010.  

 # The Effectiveness of the Glottal to Noise Excitation Ratio  

 # for the Screening of Voice Disorders.  

 # Journal of Voice. 24, 1 (2010), 47–56. 

 # 

# BW=1000 and FS = 300 

# resulting in 16 bands, mean is overall mean correlation 

# across all bands. 

# 'll' refers to the first 4 bands (500-1400), actual correlation 

# only between 1-3, 1-4, 2-4 bands (bands too close together are not correlated) 

# 'lvh' refers to corr between first 4 and 4 highest 4100-5000 

# 'lh'  refers to corr between first 4 and 4 next highest 2900-3800 

 

select Sound 'pt$' 

To Harmonicity (gne): 500, 5000, 1000, 300 

sumval = 0 

iter=0 

lvhsumval = 0 

lvhiter = 0 
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lhsumval = 0 

lhiter = 0 

llsumval = 0 

lliter = 0 

vhvhsumval = 0 

vhvhiter = 0 

for x from 1 to 16 

 for r from 1 to 16 

  curval = Get value in cell: r, x 

  if curval > 0 

   sumval = sumval+curval 

   iter = iter+1    

   if x < 5 and r > 12 

    lvhsumval = lvhsumval + curval 

    lvhiter = lvhiter+1  

   endif 

   if x < 5 and r < 13 and r > 8 

    lhsumval = lhsumval + curval 

    lhiter = lhiter+1  

   endif 

   if x < 5 and r < 5 

    llsumval = llsumval + curval 

    lliter = lliter+1  

   endif 

   if x > 12 and r > 12 
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    vhvhsumval = vhvhsumval + curval 

    vhvhiter = vhvhiter+1  

   endif 

  endif 

 endfor 

endfor 

gnemeanval = sumval/iter 

gnelvhmeanval = lvhsumval/lvhiter 

gnelhmeanval = lhsumval/lhiter 

gnellmeanval = llsumval/lliter 

gnevhvhmeanval = vhvhsumval/vhvhiter 

 

# end calculate GNE 

#################### 

# calculate H1-H2 and H1*-H2* 

# calculation follows procedure described in Iseli and Alwan (2004) 

# Iseli, M and Alwan, A 2004.  

# An improved correction formula  

# for the estimation of harmonic  

# magnitudes and its application  

# to open quotient estimation.  

# Acoustics. (2004). 

# 

# This was implemented 'from scratch' and uncorrected H1 and H2 values were cross-validated 

# with manual measurements from spectra calculated in the praat sound editor. 
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# Corrected values still require cross-validation 

# cf. correction procedure at end of script. 

# FS 

 

select Sound 'pt$' 

To Spectrogram: 0.025, 5000, 0.002, 20, "Gaussian" 

Rename... 'pt$'2 

select Sound 'pt$' 

To Formant (burg): 0.006, 5, formantmax, 0.025, 50 

formantframes = Get number of frames 

diff_sum = 0 

diff_corr_sum = 0 

diff_sq_sum = 0 

diff_corr_sq_sum = 0 

framecount = 0 

for x from 1 to formantframes 

 selectObject: "Formant 'pt$'" 

 ftime = Get time from frame number: x 

 f_one = Get value at time: 1, ftime, "Hertz", "Linear" 

 f_one_band = Get bandwidth at time: 1, ftime, "Hertz", "Linear" 

 f_two = Get value at time: 2, ftime, "Hertz", "Linear" 

 f_two_band = Get bandwidth at time: 2, ftime, "Hertz", "Linear" 

 selectObject: "Pitch 'pt$'" 

 f_zero = Get value at time: ftime, "Hertz", "Linear" 

 if f_zero <> undefined 
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  framecount = framecount + 1 

  select Spectrogram 'pt$'2 

  h1_raw = Get power at: ftime, f_zero 

  h1_db = 10 * log10(h1_raw/0.0000000004) 

  h2_raw = Get power at: ftime, f_zero*2 

  h2_db = 10 * log10(h2_raw/0.0000000004) 

  @correction: f_one, f_one_band, f_zero, sampfreq 

  h1_f1_corr = cor_return 

  @correction: f_two, f_two_band, f_zero, sampfreq 

  h1_f2_corr = cor_return 

  h1_db_star = h1_db - (h1_f1_corr + h1_f2_corr) 

  @correction: f_one, f_one_band, f_zero*2, sampfreq 

  h2_f1_corr = cor_return 

  @correction: f_two, f_two_band, f_zero*2, sampfreq 

  h2_f2_corr = cor_return 

  h2_db_star = h2_db - (h2_f1_corr + h2_f2_corr) 

  h1minush2 = h1_db - h2_db 

  h1minush2_corr = h1_db_star - h2_db_star 

  diff_sum = diff_sum + h1minush2 

  diff_sq_sum = diff_sq_sum + h1minush2^2 

  diff_corr_sum = diff_corr_sum + h1minush2_corr 

  diff_corr_sq_sum = diff_corr_sq_sum + h1minush2_corr^2 

 endif 

endfor 

meanh1h2 = diff_sum/framecount 
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stdevh1h2 = 1/framecount*sqrt(framecount*diff_sq_sum-diff_sum^2) 

meanh1h2corr = diff_corr_sum/framecount 

stdevh1h2corr = 1/framecount*sqrt(framecount*diff_corr_sq_sum - diff_corr_sum^2) 

 

#end H1-H2 and H1*-H2* 

####################### 

#provide output 

#1 file name 

#2 cpps (Maryn) 

#3 Praat HNR 

#4 shim (Maryn) 

#5 shdb (Maryn) 

#6 slope (Maryn) 

#7 tilt (Maryn) 

#8 avqi (Maryn) 

#9 mean f0 

#10 sd f0 

#10a sd F0 semitones 

#11 95% quantile f0 

#12 05% quantile f0 

#13 shim2 (Praat voice report) 

#14 shdb2 (Praat voice report) 

#15 jitter rap (Praat voice report) 

#16 jitter ppq5 (Praat voice report) 

#17 GNE mean 
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#18 GNE l-vh mean 

#19 GNE l-h mean 

#20 GNE l-l mean 

#21 GNE vh-vh mean 

#22 mean H1-H2 uncorrected 

#23 mean H1*-H2* 

#24 stdev H1-H2 uncorrected 

#25 stdev H1*-H2* 

#26 speaker sex (user input) 

 

print 'orig$' 'cpps:5' 'hnr:5' 'shim:5' 'shdb:5' 'slope:5' 'tilt:5' 'avqi:5' 

print  'meanpitch:5' 'stdpitch:5' 'stdstpitch:5' 'quant95:5' 'quant05:5' 'shim2:5' 'shdb2:5' 

print  'jitrap:5' 'jitppq5:5' 'gnemeanval:5' 'gnelvhmeanval:5' 

print  'gnelhmeanval:5' 'gnellmeanval:5' 'gnevhvhmeanval:5' 

print  'meanh1h2:5' 'meanh1h2corr:5' 'stdevh1h2:5' 'stdevh1h2corr:5'  

printline 'gender' 

 

select Ltas 'pt$' 

plus Ltas 'pt$'_trend 

plus Spectrogram 'pt$' 

plus PowerCepstrogram 'pt$' 

plus Pitch 'pt$' 

plus PointProcess 'pt$'1 

plus PointProcess 'pt$'2 

plus Spectrogram 'pt$'2 
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plus Matrix 'pt$' 

plus Formant 'pt$' 

Remove 

 

endfor 

 

 

########################procedures 

 

procedure correction: formant, fband, hfreq, sampfreq 

   .r_for = exp(-pi*fband/sampfreq) 

   .omega_for = 2*pi*formant/sampfreq 

   .omega = 2*pi*hfreq/sampfreq 

   .numerator_for = .r_for^2+1-2*.r_for*cos(.omega_for) 

   .denominator_for = (.r_for^2+1-

2*.r_for*cos(.omega_for+.omega))*(.r_for^2+1-2*.r_for*cos(.omega_for-.omega)) 

   cor_return = 10*log10(.numerator_for/.denominator_for) 

endproc 

 

 

procedure checkZeros zeroCrossingRate 

 start = 0.0025 

 startZero = Get nearest zero crossing... 'start' 

 findStart = startZero 

 findStartZeroPlusOne = startZero + intermediateSamples 
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 startZeroPlusOne = Get nearest zero crossing... 'findStartZeroPlusOne' 

 zeroCrossings = 0 

 strips = 0 

 while (findStart < 0.0275) and (findStart <> undefined) 

  while startZeroPlusOne = findStart 

   findStartZeroPlusOne = findStartZeroPlusOne + intermediateSamples 

   startZeroPlusOne = Get nearest zero crossing... 'findStartZeroPlusOne' 

  endwhile 

  afstand = startZeroPlusOne - startZero 

  strips = strips +1 

  zeroCrossings = zeroCrossings +1 

  findStart = startZeroPlusOne 

 endwhile 

 zeroCrossingRate = zeroCrossings/afstand 

endproc 
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8. Appendix D: Published Articles 

Linguistics Vanguard 2021; 7(s1): 20190015 

 

Erin Victoria Miley*, Felix Schaeffler, Janet Beck, Matthias Eichner and Stephen 
Jannetts 

Secure account-based data capture with smartphones – 
preliminary results from a study of articulatory precision 
in clinical depression 

https://doi.org/10.1515/lingvan-2019-0015 
Received February 15, 2019; accepted December 2, 2019 

Abstract: Smartphone technology is continuously being updated through software and hardware 

changes. At present, a limited number of studies have been undertaken to assess the impact of these 

changes on data collection for linguistic research. This paper discusses the potential of smartphones 

to gather reliable recordings, along with ethical considerations for storing additional personal 

information when working in other contexts (i.e. healthcare settings). A pilot study was undertaken 

using the Fitvoice account-based application to analyse articulatory proficiency in depressed and 

healthy participants. Results suggest that phonetic differences exist between these groups in terms of 

plosive production, and that smartphones are capable of adequately recording these minute aspects 

of the speech signal for analysis. 
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Introduction 

Smartphones provide an attractive way of sourcing data for linguistic researchers, potentially 

collecting recordings in more natural environments and thus with higher ecological validity than 

recordings made in a recording studio or similar setting. The hardware itself offers several advantages 

over standardised recording equipment, including a wide range of embedded sensors, intuitive user 
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interface, large memory storage and computational power for recording and processing information 

(Lane et al. 2010; Dogan et al. 2017). In addition to this, the ubiquity and popularity of these devices 

allow unparalleled access to individuals and can be easily integrated into daily lives as a non-invasive, 

cost-efficient method of sampling and monitoring objective data. This article introduces a smartphone 

app for the secure collection of phonetic data and demonstrates its use in a pilot study of articulatory 

precision of depressed speech. 

Reliability of smartphone recordings 

Many branches of linguistic research require the use of high-quality speech data that preserves 

acoustic detail for analysis (Lin et al. 2012). Recording and processing of audio data allows for the entry 

of error, and particular attention must be paid to the microphones embedded in smartphones (Lin et 

al. 2012; Kardous and Shaw 2014; Uloza et al. 2015; Grillo et al. 2016; Manfredi et al. 2017; Jannetts 

et al. 2019). In order to achieve the most reliable voice measures for analysis, recording equipment 

should maintain the original characteristics of the speech signal as much as possible. Voice measures 

can be influenced by many different sources of variation, including biological factors which cause 

natural changes in the voice over time (e.g. health status, mood or age) (Decoster and Debruyne 2000) 

as well as artefacts like environmental characteristics, technology and equipment (Vogel and Maruff 

2014). 

At present there is a diverse range of smartphone types; recent reports include 22 major vendors 

within the smartphone industry (Sui 2018) and device microphones and other audio components can 

vary considerably between these. As manufacturers tend not to publish their exact specifications, their 

use in linguistic research requires further comparative testing by reference to established, 

standardised recording equipment. 

Several recent studies have compared studio and smartphone recording practices, demonstrating 

variable robustness of acoustic parameters under smartphone recording conditions (Lin et al. 2012; 

Vogel and Maruff 2014; Uloza et al. 2015; Grillo et al. 2016; Manfredi et al. 2017; Maryn et al. 2017; 

Kojima et al. 2018; Jannetts et al. 2019). 

Jannetts et al. (2019) compared smartphone recordings to studio equipment recordings and 

observed small but statistically significant systematic errors for a range of acoustic parameters (e.g. 

fundamental frequency [F0] and cepstral peak prominence [CPPS] [Heman-Ackah et al. 2003]) in 

sustained vowels and connected speech.. Furthermore, voice parameters like Jitter % and Shimmer % 

showed a random error for smartphone recordings that was deemed too high for reliable use with 

voice analysis. 
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These findings highlight the fact that the use of smartphone recordings for detailed acoustic 

assessment is not without problems, and care needs to be taken to determine which acoustic 

parameters can reliably be used when working with them. 

Smartphone recordings – ethical considerations 

Using smartphone applications for data collection is an efficient method of capturing recordings from 

participants in real-world settings, but many of the strengths of smartphone data collection also drive 

privacy and security concerns (Arora et al. 2014). Ethical issues arise with respect to the security of 

sensitive participant information, particularly the physical location of data storage and user access, as 

well as compliance with regulations governing personal information (e.g. the EU General Data 

Protection Regulation [GDPR]). 

Ethical guidelines typically dictate that any research data is stored securely and accessibly by 

authorised researchers only. Data collected via smartphones is generally stored on a server, the 

location and access of which varies between server providers. To protect participant information, 

transfer of data from application to server should be completed via a secure connection, with 

identifying information being stored in encoded format. Data backup should also be enabled on 

separate hosts from the original dataset. Lastly, the server itself should have clearly managed access 

rights so that unauthorised access to the data is avoided. 

Ethicalconsiderationsareespeciallyimportantwhenrecordingdatafromhealthservicepatients.Colle

ction of potentially sensitive or identifying information should be minimised and safeguards must be 

in place to protect data transfer between devices and servers. The collection of standardised speech 

tasks (e.g. Lin et al. 2012; Uloza et al. 2015; Leemann et al. 2016; Jannetts et al. 2019) may reduce the 

possibility of recording identifying information through an app, but voice data is always potentially 

identifiable by those who know the individual, and extra care should therefore be taken to limit the 

risk of data breaches. 

Smartphones have great potential to collect data from individuals at various time points (e.g. for 

longitudinal studies), and to collect sets of various types of data (e.g. survey data) alongside linguistic 

recordings. The consequent need to keep track of multiple submissions per user can be managed 

through accounts-based applications. However, accounts-based applications will require additional 

security measures to protect the integrity of user accounts and the data stored within them. 
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Fitvoice application 

The Fitvoice system has been developed for longitudinal monitoring of voices, initially from a voice 

health perspective with occupational voice users as target audience. We are currently piloting its 

extension to other health related uses, e.g. voice monitoring in clinical depression. The system is 

currently tested in various field and reliability studies and has around 200 test users. 

The mobile app has been implemented using the cross-platform Ionic framework¹ and is currently 

available for iOS and Android in the UK Apple app store and Google Play. The app has been designed 

to record three types of speech prompts a) sustained vowels, b) a set of sentences targeting specific 

aspects of voice and c) a short connected speech sample (a modified version of the dog and duck story, 

[Brown and Docherty 

1995]). 

Alongside each recording the app prompts a short voice health questionnaire that records self 

assessment of the user’s voice (e.g. vocal load, current ease of use, sensations like catarrh or pain). 

The audio signal is recorded in 1 channel (i.e. mono). The app accesses the device microphone using 

audio recording APIs that are available in both Android and iOS operating systems. The raw audio 

samples are stored uncompressed with 16bit signed integer resolution (“wav” format), and 44.1 kHz 

sampling rate. The wav files are not compressed for transmission to the backend server. 

To address the various ethical and confidentiality issues raised in Section 2, the app has been 

implemented with a range of security features. After a recording has been completed on the app, 

audio recordings and survey data are securely transmitted to a backend server using an SSL/TLS secure 

channel. The SSL/TLS secure channel guarantees full encryption of the data between device and server 

(see Figure 1). This technology makes it virtually impossible to read or alter the data during transfer, 

e.g. when passing through intermediate data servers. The backend server runs on a virtual machine 

from cloud service provider linode.com. The physical location of the server is currently London, and 

holds various security-relevant certificates, e.g. ISO 27001. The Fitvoice system is account-based, i.e. 

each Fitvoice user creates a password-protected account before using the system and submitting 

recordings. User account management is provided by GDPR compliant authentication management 

provider Auth0 Europe (auth0.com). In this setup, all confidential information (e.g. user name, email 

and password) are stored on Auth0 servers. The Fitvoice backend only stores audio recordings, survey 

data and encrypted links to the Auth0 data. As individuals are potentially identifiable through voice 

recordings, the voice data is stored on secure servers (see above), and research participants are 
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alerted to this fact and are asked to provide explicit consent to various types of data use (e.g. storage 

beyond the end of specific projects, use for perception experiments etc.). 

The Fitvoice backend has APIs implemented so that other applications can access the data after 

authorisation. In its current implementation, the Fitvoice web app allows users to access their own 

data through a web interface, review survey data, play back audio recordings, and inspect a range of 

acoustic parameters individually for each recording as well as longitudinally over several submissions. 

Longitudinal analysis is facilitated by displaying a multivariate parameter (Hotelling’s T2, Schaeffler and 

Beck 2017). Web app authorisation is again managed by Auth0, and ordinary users can only access 

data from their own account. The Fitvoice web app offers two additional levels of access, 

administrators can access all recordings while operators can only access data for specific projects. The 

Fitvoice system is currently maintained and commercialised through a Community Interest Company 

(Fitvoice C.I.C., registered in Scotland). See Figure 2 for screenshots of the mobile application recording 

screen, accessible by users. 

 

Figure 1: Fitvoice system setup, including data and authentication flow. 

 
1 http://www.ionicframework.com 

 

Figure 2: Screenshots of home screen and recording screen prompts for the Fitvoice mobile application. 

http://www.ionicframework.com/
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Pilot study: speech features in clinical depression 

The search for more effective treatment strategies for depression includes the identification of 

patients who are most likely to benefit from a given therapy – this is usually done through the 

discovery of biological and clinical markers of response (Papakostas and Fava 2008). The human voice 

may be a highly sensitive indicator of physiological and psychological state; reported links between 

the voice and psychomotor activity point to the potential value of voice variation as a clinical marker 

of symptom severity and treatment response in antidepressant trials (Stassen et al. 1998; Mundt et 

al. 2012; Quatieri and Malyska 2012; Cummins et al. 2015). These studies provide preliminary evidence 

to suggest that the neurobiological mechanisms responsible for voice and speech production may be 

affected in depression, and inversely these changes may revert as an individual responds to 

antidepressant treatment. 

From a cognitive psychology perspective, it appears that cognitive impairments associated with 

depression may affect an individual’s phonological loop, resulting in impaired phonation and 

articulation (Christopher and MacDonald 2005). Research does appear to support this notion, as 

speech in depressed individuals demonstrates poor planning (as seen in difficulty with word choice or 

initiation of speech; Alpert et al. 2001; Mundt et al. 2012) and articulatory precision (e.g. shortened 

voice onset time, decreased second formant transition and increased spirantisation [Flint et al. 1993]) 

possibly due to impaired neuromuscular coordination processes (cf. Cummins et al. 2015). 

Articulation can be thought of as a specific component in the chain of speech production, an 

integral part of the motor programming stage where the speech mechanism is prepared just prior to 

speaking (van der Merwe 2009). In depression, this process can be disrupted due to biological changes 

within the brain (e.g. atrophy and neuronal loss in the hippocampus and prefrontal cortex [Racagni 

and Popoli 2008] and changes in dopaminergic tone in the basal ganglia and nucleus accumbens [Pallis 

et al. 2001]). As such, articulation and other motor planning are affected by measurable changes 

within the speech signal. One such method of assessing articulatory proficiency (and consequently, 

levels of psychomotor retardation (Flint et al. 1993), is through changes in spirantisation, or frication 

throughout speech production. Frication, or high-frequency energy visible in spectrograms, can 

denote a leakage of air from the oral cavity – this is particularly salient when the oral cavity should be 

closed (i.e. just prior to the release of stop plosives). So far there is little research examining 

articulatory precision and motor planning in depressive speech – a gap that our pilot study aims to fill. 
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Pilot aims 

Theprimaryaimofthispilotstudyistoassesstheeffectofdepressiononarticulatorycontrolfromaphonetic 

perspective. The study compares this phenomenon between depressed and healthy participant 

groups, taking note of durational measures and frequency of frication occurring prior to a plosive 

release, as a potential indicator of decreased articulatory control and psychomotor retardation. 

Data collection utilises the Fitvoice app, and a secondary aim is to assess the app’s ability to 

preserve sufficient acoustic detail in a depressive individual’s speech for analysis. This is an important 

consideration, as few clinical rooms provide a good recording environment; minimal furnishings and 

carpet often result in a high level of reverberations. The app also may aid in collecting speech data 

outwith clinical settings, avoiding the need for participants to travel when experiencing a depressive 

episode. The ability to record speech within patients’ own homes is yet another advantage of 

smartphone data collection, but one that requires additional consideration of room size, acoustics, 

etc. 

Method 

Ethical approval for the completion of this study was granted by the Health Research Authority North 

East – Newcastle and North Tyneside 1 Research Ethics Committee (Ref: 18/NE/0129). Twelve 

speakers (6 healthy controls; 6 depressed subjects, aged 26–59 years) produced two trials of the 

phonetically balanced text ‘The Dog and Duck Story’ (Brown and Docherty 1995). The vocal health and 

diagnostic status of each participant was determined by a pre-recording interview using a 

demographic questionnaire, Mini-International Neuropsychiatric Interview (MINI; [Sheehan et al. 

1998]) and Hamilton Depression Rating Scale (17-item; [Hamilton 1960]) scales. 

Recording procedure 

Recordings were made in a clinical interview room. Participants were asked to speak simultaneously 

into the smartphone and microphone (Neumann U89i model which has a flat frequency response 

curves up to 10 kHz within a pickup angle of ± 100° and a dynamic range of 117 dB [A-weighted]). Each 

was set up 20 cm away from the subject’s mouth. The smartphone device used the Fitvoice app for all 

recordings and all microphone recordings were completed using recording and editing software 

AudacityTM (Version 2.3.0; Mazzoni 2018). It was considered necessary to test the application in 
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comparison to standard equipment within a controlled setting prior to its utilisation in field recordings; 

this was done using a direct comparison between the Fitvoice app and microphone. 

Articulatory closure proficiency analysis 

A total of 24 recordings (12 subjects x 2 recording sessions) underwent a phonetic markup procedure 

where all productions of word-initial voiceless plosives in stressed words were identified (Karlsson et 

al. 2014). Utterance initial plosives were excluded due to complications with separating the initial 

silence portion of the stop from the preceding silent segment. Additionally, plosives produced before 

or after a fricative were also excluded due to difficulties in segmenting phonemic boundaries. 

To avoid reliability problems (as outlined in Section 2), this study relied on relatively simple 

spectrogram based analysis. Manual segmentation of the structure of the plosive (i.e. start and end 

times, release, etc.) was completed in Praat (Boersma and Weenink 2019), with the release being 

distinguished as the portion of the signal with the strongest amplitude and widest distribution across 

frequencies. Stemming from a previous acoustic analysis study investigating closure proficiency 

(Karlsson et al. 2014), extracted acoustic parameters included the following: 

– Duration of the plosive (in ms). 

– Location of the plosive release, identified as the strongest peak in signal amplitude combined with 

high energy across the spectrogram output. 

– ‘Pre-release frication’ or high-frequency energy occurring just prior to the release of a plosive (see 

Figure 3). The number of occurrences per participant as well as length of this frication (in ms) were 

both recorded for further analysis. 

Preliminary analysis demonstrates that the smartphone model is less affected by environmental 

noise and produces a ‘cleaner’ spectrogram for analysis than the omnidirectional microphone (See 

Figure 4).  



Vocal biomarkers of clinical depression        E. Miley 

Page | 450 
 

 

Figure 3: Example of pre-release frication (PRF) identified prior to release (circled in red). 

 

Figure 4: Comparison of spectrograms from the smartphone (left) and microphone (right) recordings made simultaneously. The 

spectrogram resulting from the smartphone has picked up less background noise, as evidenced by less ’noise’ above the space (sp) 

phoneme. The blue arrow demonstrates an example of where the microphone picks up background noise (i.e. darker area) that is 

occurring outwith the phonemic segment; the corresponding space on the smartphone spectrogram has less of this background noise 

denoted by less dark colouring. 

To quantify environmental noise levels between the smartphone and studio microphone recordings, 

a random subset of the smartphone recordings (7 participants x 2 sessions x 2 recording conditions) 

was selected to complete a signal-to-noise ratio (SNR) analysis. 

We measured signal-to-noise ratio by comparing signal intensity levels in parts of the recordings 

with and without speech. This analysis was performed with a Praat script that extracted intensity levels 

for speech and non-speech parts from the sound file, based on manually corrected forced-aligner 

segmentations of the audio signal, using the Penn Phonetics Lab forced aligner. The results provide an 
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indication that smartphone recordings might have advantages over microphone recordings in clinical 

settings. Figure 5 shows that smartphone recordings had consistently higher SNR values than the 

microphone recordings for all participants, with an average difference of 0.5 dB. Higher SNR values 

reflect a lower relative amount of noise in the recordings. 

Exploratory analysis and results 

All analysis was completed using R version 3.5.1 (R Core Team 2019). One instance of plosive 

production for a healthy participant was excluded due to background noise, leaving a total of 120 

plosive productions for the depressed group and 119 for the control group. Initially, duration of 

plosives was compared between groups (healthy vs. depressed) with a linear mixed effects model 

analysis with speaker as random factor and group as fixed factor. A likelihood ratio test using ANOVA 

was completed to test the significance of using group as a fixed effect. Results showed that the 

difference between groups was not significant – healthy and depressed participants produced 

plosives of similar duration ((χ2 (1) = 1.16, p = 0.282; see Figure 6). 

 

Figure 5: A comparison of Signal to Noise Ratio (SNR) between recording conditions (microphone versus smartphone). The left graph 

demonstrates the higher smartphone SNR values across both recording sessions for all participants. On the right, the mean difference 

between microphone and smartphone conditions is graphed in a boxplot. 

 

Figure 6: Plosive duration (in ms) by group, demonstrating no significant group differences. 

A separate analysis was completed to compare pre-release frication across groups. First, 

frequency of occurrence of pre-release frication was compared across groups (see Table 1). The 

depressed group showed significantly more plosives with pre-release frication (Fisher’s exact test = 

239, p= 0.0082). 
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For those plosives with pre-release frication, duration of frication was compared using a linear 

mixed effect model where group was included as a fixed effect and speaker was incorporated as a 

random effect (see Figure 7). Again, likelihood ratio test using ANOVA was completed to test the 

significance of using group as a fixed effect. Length of pre-release frication did not differ by group ((χ2 

(1) = 3.57, p = 0.06). 

The depressed sample in this pilot study exhibited more productions of pre-release frication than 

the healthy controls in this sample, despite producing plosives that were nearly equal in duration. 

Instances of high-frequency energy preceding a stop burst may indicate a lack of adequate closure in 

the oral cavity, with an apparent ‘leaking’ of air. Karlsson et al. (2014) attribute this to a lack of 

‘articulator force’, whereby the muscular ability of an individual results in less forceful closure action. 

Depressed individuals may find it more difficult to achieve adequate closure and to synchronise 

articulatory movements due to psychomotor retardation, a prominent feature of clinical depression 

(Quatieri and Malyska 2012). When pre-release frication did occur in healthy participants, the length 

of these did not differ from those produced by depressed participants. Rather, the frequency of this 

occurrence between groups may be a distinguishing factor between diagnostic groups. 

Although previous studies have found increased pausing behaviour (Stassen et al. 1998; Alpert et 

al. 2001; Cannizzaro et al. 2004; Mundt et al. 2012) and average syllable duration (Honig et al. 2014) 

in depressed groups, results from this pilot point to similar segment duration, at least for voiceless 

plosives, between clinical and healthy groups; These findings also contrast those from another 

previous study (Trevino et al. 2011) which demonstrated evidence for phone-specific duration 

measures as a potentially strong indicator of depression severity and even specific subsymptoms; in 

particular, slowing of production of the /t/ phoneme was one of the strongest correlators to 

psychomotor retardation. It may be that decreased articulatory coordination often seen in depression 

may lead to large variability in plosive production and duration, making comparisons of findings 

between research samples difficult. Further analysis will be completed with the full sample after data 

collection is completed to reassess these behaviours on a wider scale. 

Table 1: Summary table of frequency of plosive productions with pre-release frication. 

Group Productions without Productions with Total 

 pre-release frication pre-release frication  

Healthy 91 28 119 

Depressed 72 48 120 
Total 163 76 239 
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Figure 7: Length of pre-release frication by group (in ms) demonstrating no significant group differences. 

Results suggest that utilisation of smartphone technology to capture details of the speech signal 

is both feasible and effective. The use of mobile interventions for depression and other mental health 

conditions is growing, supported by increasingly sophisticated technology (Depp et al. 2010; Reid et 

al. 2011; Donker et al. 2013; Adams et al. 2017). Continuing refinement of mobile-based speech 

monitoring of speech biomarkers has the potential to enhance the sensitivity of such approaches. 

Recommendations and future directions 

As mobile technology becomes more prevalent in linguistic research data collection, there is a growing 

need for regulation of recording conditions and parameter extraction methods. The mobile phone 

market is extremely dynamic, with new manufacturers, phone models and microphone settings 

emerging on a regular basis. In order to keep pace with these technological innovations, a potential 

solution could be the creation of standardised acoustic tests to evaluate hardware and software. Such 

tests could elucidate the unique effects of using mobile phones for data collection, such as the impact 

of noise cancelling microphones and beamforming. 

Mobile technology facilitates the collection of supplementary information alongside recordings, 

a benefit that could be exploited more widely. For example, field recordings may be affected by room 

size, furnishings and other characteristics, so routine collection of information about recording 

environment may be helpful to support evaluation of the impact of such environmental factors. 

Fitvoice asks users to complete an integrated questionnaire alongside each recording, providing 

information about room size/type as well as other factors that are expected to affect vocal quality, 

such as level of stress, voice use and presence of cold-like symptoms. Supplementary questionnaires 

of this type are easily adaptable and may allow more sophisticated analysis and interpretation of data. 

As ascertained from a comparison of spectrograms between microphone and smartphone 

conditions in our pilot, smartphones may also be a good way moving forward with recordings in clinical 

settings. Smartphones seem able to produce satisfactory output recordings for phonetic analysis, 

preserving sufficient detail to evaluate minute measures such as pre-release frication. Still, further 
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testing will be required to understand better any artefacts that are introduced during the smartphone 

recording process. 

For data management, account-based mobile data capture applications are useful, especially with 

longitudinal studies. To facilitate data sharing and support reproducibility and accuracy of findings 

(Houtkoop et al. 2018; Klein et al. 2018), open access databases could be created. These could be well 

suited to navigating around the previously discussed ethical issues (e.g. confidentiality constraints) by 

only providing access to extracted acoustic parameters, rather than the primary data itself. In this 

manner, researchers interested in sharing data may increase the transparency of their findings and 

also maintain the privacy of those who have been recorded. 

There is no doubt that mobile technology can provide powerful tools for linguistic research, with 

the potential to benefit research as well as practice, e.g. in the area of health care and vocal 

biomarkers for mental health applications. Given the complexity of web-based technology and the 

very dynamic smartphone market there is an urgent need for ongoing multidisciplinary efforts and 

knowledge exchange to maximise the potential of mobile-mediated linguistic and phonetic research. 
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