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a  b  s  t  r  a  c  t

This study  addresses  an  urgent  need  for objective  measures  allowing  an  efficient,  early  prediction  of  risk
for depression  in  adolescents.  An  early  intervention  preventing  the  onset  of  clinical  depression  could  sig-
nificantly  reduce  the  social  and  economic  burden  of the  disease.  Previous  studies  have  shown  that  acoustic
speech  parameters  are  strong  indicators  of full  blown  depression  symptoms  in adults  and  adolescents.
The  current  study  investigates  the  effectiveness  of  acoustic  speech  analysis  and  classification  in  prediction
of depression  in  adolescents  before  the  full  blown  symptoms  become  apparent.  The  proposed  optimized
multi-channel  weighted  speech  classification  (OMCWSC)  method  introduces  a two-stage  multi-channel
classification  procedure.  In the  first stage,  each  channel  of  the  OMCWSC  performs  an  independent  clas-
sification  based  on a single  type of features  (glottal,  prosodic  and  Teager  energy  operator  parameters
derived  from  glottal  waveform  (TEOG)).  In  the  second  stage,  the  weighted  classification  outcomes  from
all  channels  are  combined  to deliver  the  final  decision  classifying  an  individual  as  “At  Risk”  (AR)  or  “Not
at  Risk”  (NAR)  of  developing  depression  symptoms  within  the  next 2.5  years.  The  weight  values  of  the
OMCWSC  system  are  optimized  to  maximize  the  overall  system  classification  accuracy.  Experiments
based  on  speech  recordings  collected  from  15  AR and  15  NAR  adolescents  showed  that  while  each  of  the
three  individual  channels  provided  prediction  accuracy  above  the  chance  level  (69%  glottal,  63%  prosodic,
67%  TEOG),  the  adaptive  weighting  system  of  the  proposed  OMCWSC  procedure  led  to  further  improve-
ment  of  the  prediction  results  achieving  up to  74% accuracy  and  a  well-balanced  sensitivity  to  specificity
ratio  of 77%/70%.

Crown  Copyright  ©  2014  Published  by  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

The diverse nature of depression leads to numerous research
challenges, including the understanding of its causes and effects,
as well as the development of efficient treatments and prevention
methods.

Although depressive disorders are more often a problem in
adults, statistics have shown that children aged as early as 4 years
can show the first signs of depression and the numbers increase
towards adolescence [49].

If untreated, depression significantly reduces the social and
vocational opportunities of affected individuals and in some cases
can lead to suicide attempts. It is therefore vitally important that
very early signs of depression can be detected to facilitate the
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application of preventative measures to either eliminate or reduce
the risk of developing full blown symptoms of depression.

This study describes an effective prediction system that is able
to determine in objective terms, if an adolescent is at possible risk
of clinical depression in the near future. The objective character
of the proposed system comes from the fact that the prediction
is based on the numerical analysis of acoustic speech parameters.
Just as for example, blood analysis can determine if a patient suf-
fers from a particular disease, the analysis of speech sounds can
provide vital diagnostic information facilitating the assessment of
the patient’s mental health state. In other words, the speech signal
is being treated here as a carrier of diagnostic information.

Aside from containing important diagnostic information, speech
signals are very easy to capture in a discrete and noninvasive way.
Moreover, the speech based mental health diagnosis (or prediction)
is a low cost procedure and can be conducted in a fully automatic
way by a person that does not necessarily have an extensive experi-
ence in mental health care. These attributes make the proposed sys-
tem particularly suitable as a mass screening device for detecting
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“at risk” populations of adolescents. The proposed methodology can
be also extended to testing of war veterans, elderly people, young
mothers and other groups particularly vulnerable for depression.

The link between acoustic parameters in speech signals and
depression has been extensively researched in relation to under-
standing the psychophysical mechanisms of depression, and
searching for acoustic cues that allow discrimination between
depressed and non-depressed individuals at the stage when full
blown symptoms are already present [15,34,35,37,38,46].

The present study further extends these investigations and
shows that the acoustic speech analysis has the potential to detect
(or predict) very early signs of depression before full-blown symp-
toms have developed. This goal has been achieved through the
analysis of speech signals of adolescents who were according to the
DSM-IV criteria [5], healthy (non-depressed) at the time of data col-
lection. The analysis showed clear differences between the speech
characteristics of individuals who two years later were diagnosed
with the DSM-IV criteria as depressed and those who were diag-
nosed as still non-depressed. These differences provided the basis
for predictive classification of speech up to two years before the
more advanced full-blown symptoms are developed. This study
also investigates which of the acoustic speech parameters (or char-
acteristic features) provide the most accurate prediction results
within a single-channel classification framework (i.e. using a sin-
gle type of acoustic features). The single-channel prediction results
are further improved by the introduction of a new computational
methodology based on the optimized multi-channel classification
system with an optimized weighted decision procedure. The pro-
posed methodology is tested using speech data collected from a
community sample including 15 “At Risk” and 15 “Not at Risk” of
depression adolescents.

The remaining sections are organized as follows. Section 2
provides a brief overview of the existing depression prediction
methodologies. Section 3 describes the database used to test
the prediction algorithms. Section 4 explains the single-channel
and the proposed multi-channel prediction techniques. Section 5
describes the test results and their interpretation, and Section 6
provides the conclusions.

2. Previous work

Over recent years, the practice of delivering mental health
services has changed dramatically. Medical and psychological
assessment is being automated step-by-step and consultation is
increasingly conducted via the Internet.

Given the prevalence of mental health disorders and the burden
on economies worldwide, mental health informatics has become
a dedicated branch of engineering and applied computer science.
Automated, easy to use mental health diagnostic and prediction
techniques are sought after for online and mobile phone appli-
cations. Mobile phones can record and transmit speech, text and
movement data. They can store and communicate personal infor-
mation, including medical diagnostic information. For the first time
in history, objective data about the behaviour and mental health
of hundreds of millions of individuals can be recorded, stored and
analyzed. With the help of dedicated computer software, it also
provides a new unique opportunity to predict and prevent mental
health problems within large populations [31].

Speech and language are particularly interesting from the view-
point of psychological assessment. For instance, depression may
change the characteristics of the voice of individuals and these
changes can be detected by a special form of speech analysis. Com-
putational screening methods that utilize speech and language can
detect subtle changes and alert clinicians as well as individuals and
caregivers.

In many cases, the life-long reoccurrences of depression during
adulthood are consequences of untreated or undetected depression
symptoms appearing for the first time during childhood or adoles-
cence [42]. The onset of depression is most likely between 13 and
17 years of age, with major depression (MD) being the most com-
mon  form. An early intervention preventing the onset of clinical
depression would provide a very important method for reducing
the burden of the disease. Efficient depression prediction tech-
niques are therefore needed to determine the risk for depression in
young individuals.

Current treatment and prevention methods in adolescents focus
on the study of the behavioural and psychological states of an indi-
vidual [42,48,57]. Some of the often-used prediction approaches
include the identification of characteristics such as family history,
early adversity, gender, age or socioeconomic status [12,17,22,42].
Numerous studies have undertaken the task of recognizing early
behavioural and psychological signs and symptoms of the disorder
that are not classified as full-blown symptoms [39–41]. A longi-
tudinal study of 230 late adolescents identified increased cortisol
awakening response (CAR) as a significant prospective risk factor
for the development of depression in young adults [1].

In [30], the concept of emotional inertia characterizing a spe-
cific type of psychological maladjustment showing high resistance
to emotional changes was investigated. People with high emotional
inertia are resistant to external influences and preserve their cur-
rent emotional state for a long time. It was found that depressed
individuals in particular tend to have higher levels of emotional
inertia. In [30] emotional inertia was  shown to predict the emer-
gence of clinical depression in adolescents 2.5 years later.

The use of acoustic speech analysis to recognize symptoms of
depression in adolescent [34] and adult [3,10,15,37,38,46,51,52],
has shown promising results on the case where individuals have
already experience full-blown disorder episodes. Depending on
gender and the type of acoustic features used in the recognition
process, the binary (depressed versus non-depressed) classifica-
tion accuracy can be as high as 80–90%. The proposed depression
diagnosis had a single-channel character, meaning that only a sin-
gle type of features or a single combination of features was  used
to determine is the speaker is depressed or not. Within this single-
channel framework, features such as the glottal speech parameters
[34,37,38], as well as parameters derived from the Teager energy
operator (TEO) [34,35] were found to be strongly correlated with
depression symptoms.

Acoustic speech analysis has also been used to predict the
risk for depression in adolescents up to 2 years before full-blown
depressive symptoms become evident [32,43,44]. Ooi et al. [43]
introduced a multi-channel classification approach for the predic-
tion of depression in adolescents. The results led to the highest
to date speech based prediction accuracy of 73% and sensitiv-
ity to specificity ratio of 79%/67% (these parameters are defined
later in Section 5.1). In comparison, the reported speech based
detection of full-blown symptoms of depression can achieve an
accuracy of up to 87% (with sensitivity to specificity 81%/92%)
for males and 79% (with sensitivity to specificity 81%/77%) for
females [34]. These results indicate that the early prediction of
depression appears to be more challenging, most likely due to
less defined differences between acoustic parameters character-
izing individuals that are at risk and individuals that are not at
risk of developing depression in the near future. The multi-channel
depression prediction approach in [43] used a weighted combina-
tion of four types of acoustic features (prosodic, glottal, TEO and
spectral) to determine the final classification decision. The current
study extends upon the approach described in [43] by introduc-
ing a new improved way  of determining the weight values for the
individual channels. The speech classification system in [43] used
a weighted combination of the single-channel outputs to derive
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