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Introduction 

 

"I think this man might be useful to me - if my black dog returns. He seems quite away 

from me now - it is such a relief. All the colours come back into the picture." 

 

These are the words from a letter that the former British Prime Minister Winston Churchill 

(1874-1965) wrote to his wife Clementine in 1911. He reacts to the message of a good 

friend who claims that he had been cured of depression by a doctor. Although this citation 

only consists of three sentences, substantial information could be derived from it. 

Churchill has been known to have suffered from periods of depression throughout his 

whole lifetime. He often used the classic term ‘Black Dog’ to refer to his depression. As 

with all metaphors, this expressive comparison clearly illustrates the essence of 

depression: like a dog, it is an ever-present companion, always lurking in the background, 

vaguely menacing, and capable of overwhelming you at any given moment
1
. In addition, 

the image of a ‘dark hound’ represents a universal object of fear in folklore and many 

myths. For instance, tales about black dogs (often representing death) appearing in 

nightmares have been reported all over the world (Adler, 1991).  

Obviously, Churchill experienced feelings of great relief whenever he was able to 

keep the black dog (in other words, his depressive periods) at an appropriate distance. It 

would ‘bring back the colors’ in his life, after his dark and moody episodes. Moreover, 

since Churchill suggests that the same doctor who cured his friend might be useful to him 

as well, he seemed to consider his depression as a treatable medical condition. One has to 

take into account though, that the clinical approach to depression was mainly 

psychoanalytical at the time the letter was written. No appropriate medication for the 

disorder was available at the time. To our knowledge, Churchill actually has never been 

medically treated for his depression.  

                                                   
1 Foley, P. (2005). ‘‘Black dog’’ as a metaphor for depression: a brief history [quoting Piozzi HL, ed. Letters To and 
From the Late Samuel Johnson LL.D. Vol. 2. London: A Strahan and T Cadell,  1788]. From 
http://www.blackdoginstitute.org.au/docs/foley.pdf 
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Although Churchill is certainly among the most widely known and well-discussed 

historical figures suffering from depression, he has many other famous and common 

people, who share it with him. There are several examples of phrases suggesting that the 

speaker may suffer from depression. For instance, in the Bible, King Salomon: “I am 

troubled, I am bowed down greatly; I go mourning all the day long. I am feeble and 

severely broken; I groan because of the turmoil of my heart” (Psalm 38:6,8 - NKJV). And in 

1862, former President of the United States of America, Abraham Lincoln wrote in a letter 

of condolence to a friend: “In this sad world of ours, sorrow comes to all, and it often 

comes with bitter agony. Perfect relief is not possible, except with time. You cannot now 

believe that you will ever feel better. But this is not true. You are sure to be happy again. 

Knowing this, truly believing it, will make you less miserable now. I have had enough 

experience to make this statement”. These are just a few historical examples of the 

numerous individuals suffering from extreme gloom, persistent low moods, and the 

accompanying inability to concentrate. Although its symptoms have always been 

described in a similar manner throughout history, the term depression has only been used 

relatively recently in order to describe the phenomenon. 

In ancient Greece, one of the main founders of modern medicine, Hippocrates 

(460-377 BC), postulated that there was an imbalance of the four bodily fluids called 

humors (blood, black bile, yellow bile and phlegm) when the body became ill (Coar, 1822). 

He believed that the function of medicine was to restore the original balance of these 

humors in order to make a person feel better again. Hippocrates used the term 

melancholia to describe a disease which originated from an imbalance of black (“melas”) 

bile (“kholé”) levels. Symptomatic to this disease were physical and mental phenomena 

including “long lasting fears and despondencies over time”.  Moreover, in his book “The 

Anatomy of Melancholy”, Robert Burton defined melancholy as “fear and sadness without 

a cause”(Burton, 1847). It is thus apparent that melancholia has always covered a much 

broader field of affects and behaviors, such as sadness, dejection and despondency, fear, 

anger, delusions and obsessions, in comparison with the modern term of depression 

(Radden, 2003). Although the current definition of clinical depression is thus officially 

associated with a limited number of symptoms and behaviors, it is known to be correlated 
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with raised or diminished levels of emotional behavior, such as sadness, anger, anxiety 

and fear (Lovibond & Lovibond, 1995; Rottenberg, Vaughan, Vingerhoets, Nyklíček, & 

Denollet, 2008).  

In line with this, individuals with Major Depressive Disorder (MDD) are known to 

suffer from multiple emotional disturbances, such as diminished pleasures, excessive 

anger, prolonged feelings of sadness, and a flattening (or even absence) of the experience 

of emotion. Actually, without exception, all psychopathological disorders are closely linked 

with, in a certain way, excessive mostly negative emotional behavior. Even more, most of 

them are primarily defined on the basis of disturbed emotions (Berenbaum, Raghavan, Le, 

Vernon, & Gomez, 2003).  

In his book “Emotions Revealed: Understanding Faces and Feelings”, Paul Ekman 

(2004) emphasizes the importance of emotions by claiming that they determine our 

quality of life. They occur in all possible relationships we have, varying from friendships, 

relationships with colleagues at work, to the most intimate romantic ones. In addition, 

emotions are seen as the major driving force behind motivational processes (Starkey, 

2008). Sometimes, they can cause us to behave in a logical rational manner, but at other 

times, they are at the base of the most irrational actions, which we may come to regret 

afterwards. We tend to signal our emotions using facial expressions and body postures, 

and it has been shown that we perform well in judging someone’s emotion from these 

non-verbal behaviors (Aviezer, Trope, & Todorov, 2012; Russell, Bachorowski, & 

Fernandez-Dols, 2003). For instance, one can express one’s anger by displaying an angry 

facial expression, intended to be perceived by another person, in who feelings of guilt or 

sadness could be evoked as a result.  

In most cases, emotions can begin very quickly, without the individual being 

aware of its onset (Ekman, 2004). Specifically negative emotions seem to operate at an 

early pre-attentive level. From an evolutionary point of view, this is quite understandable. 

Since our brain has limited processing capacities, it has to be able to focus on input signals 

that have natural priority over others, such as threatening information (Vroomen, Driver, 

& Gelder, 2001; Vuilleumier, 2002).  
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The sections above show that there is a close connection between depression 

and negative feelings, such as fear and sadness. In this dissertation, we report on six 

separate, but related studies in which we investigated several behavioral aspects of 

depression and its emotional correlates sadness and fear. In the first three studies, we 

focus on verbal and nonverbal behavioral cues and their potential predictive value with 

regard to depression and general mental health problems. In the last three studies, we 

investigate the perception of sad and fearful faces at an early perceptual level. Given the 

complexity of the disorders and their behavioral correlates, we based our investigations 

on multiple methods of research in order to obtain new insights into this disorder. Figure 

1 displays a schematic outline of the chapters in this thesis. 

While most of the studies in this thesis focus on analyses of healthy individuals, 

we also include one study that compares healthy controls and individuals with Autism 

Spectrum Disorder (ASD). ASD is characterized by disturbed information processing in 

terms of social and communicative behavior (Dawson, Webb, & McPartland, 2005). People 

with ASD represent an interesting subgroup in view of our research. As with depression, 

and many other psychopathological disorders, there is a disturbance of feelings in 

individuals with ASD; individuals suffering from the disorder have difficulties with 

perceiving emotions from others. By contrast, in depressive individuals, the problem 

seems to be more internal; they tend to experience a dominance of negative emotions 

(such as sadness and fear) themselves. We therefore decided to investigate if (compared 

to their non-ASD counterparts) there are additional differences in the perception and 

experience of sad and fearful faces in ASD-individuals at an early perceptual level. 

 

The current studies 

 

Worldwide, 8 to 12 percent of all people experience at least one depressive episode 

during their lifetime, making depression the most significant disorder in terms of mental 

health problems. Currently, depression is mainly diagnosed based on the well-known 

DSM-IV criteria (American Psychiatric Association, 1994), with pervasive low mood, low 

self-esteem and a loss of interest or pleasure in normal daily activities, negative cognitions, 
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deficits in cognitive functions, and fatigue being the most important characteristics. 

However, it has been suggested that there are additional verbal and nonverbal behavioral 

features (e.g. facial expressions, use of particular language and speech characteristics) 

distinguishing between depressed and healthy individuals that do not have the official 

status of symptoms yet.  

In the first study of this thesis (chapter 2), we aim to provide a comprehensive 

literature overview of these distinctive verbal and nonverbal behavioral characteristics of 

depressed individuals. The additional behavioral cues discussed in this chapter may 

provide clinical practitioners with alternative indicators of verbal and nonverbal 

functioning, which may be useful for diagnosis, prognosis, and treatment evaluation of 

depression.  

So far, fundamental depression research has mainly relied on adult data and self-

reports. However, given the fact that first depressive episodes are known to typically 

develop during adolescence (Nolen-Hoeksema, 2001; Twenge & Nolen-Hoeksema, 2002), 

it could be of great importance to diagnose depression and other mental health problems 

in earlier stages of life. In the third chapter, we therefore report on a study in which we 

analyzed video recordings of adolescents (identified as either having a high or low risk of 

developing mental diseases) on linguistic, nonverbal and acoustic behaviors (as discussed 

in the second chapter) in order to identify behavioral cues with potentially predictive 

value with regard to future mental health problems. These video recordings come from 

the TRacking Adolescents’ Individual Lives Survey (TRAILS), a large prospective cohort 

study in which Dutch adolescents are measured biennially until at least the age of 25 

(Huisman et al., 2008).  

Since the selected behavioral cues used for analyses in the third chapter were 

based on earlier research specifically related to depression, we narrowed down our 

investigations from mental health problems in general to depression only in the   fourth 

chapter. This chapter describes a prospective study in which we evaluated the predictive 

power of the same verbal and nonverbal measures examined in the previous third chapter, 

but this time for depression in adolescents specifically. 
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 As mentioned before, depression is strongly associated with negative emotions, 

such as anxiety, fear and sadness, and a flattening of affect. Depressed patients are known 

to have higher levels of anxiety compared to healthy individuals (Sartorius, Ustun, 

Lecrubier, & Wittchen, 1996). Moreover, they seem to be more sensitive to the perception 

of negative emotions, even at very early perceptual levels, compared to non-depressed 

individuals (Bouhuys, Geerts, & Gordijn, 1999; Lembke & Ketter, 2002; Rottenberg, 2005).  

In chapter five, we report on the investigation of attentional mechanisms with 

regard to fearful stimuli on a pre-attentive level in healthy participants. Applying the dot-

probe paradigm, a well-known test used to assess selective attention to emotional stimuli 

originally developed by MacLeod, Mathews & Tata (1986), we measured the potential 

crossmodal modulation of attention towards fearful faces and vocalizations in three 

studies (subsequently, by using auditory, visual or audiovisual stimuli). In other words, is 

there a transfer between auditory and visual input in terms of attention towards fearful 

faces and voices? Although a similar attentional bias towards angry prosody has recently 

been demonstrated by Brosch, Grandjean, Sander, and Scherer (2008), we used fearful 

and more ecologically valid vocalizations that are known to appear in real-life situations, in 

order to simulate a more realistic situation. 

 Every now and then, all of us are exposed to losses, failures, or other negative 

events in daily life (Clark, Alford, & Beck, 1999). It is thus not remarkable that such 

stressors can ultimately lead to disappointment, sadness or frustration. In the light of this 

relationship, we conducted two behavioral experiments in the sixth chapter, in which we 

investigated the perception of sad facial expressions in healthy individuals. More 

specifically, the focus was on the influence of tears as a visual cue when presented at an 

early pre-attentive perceptional level. In two studies, we measured their influence on the 

identification of sadness and the perceived need for social support in crying faces. 

In the seventh chapter, we specifically investigated the perception of fearful and 

sad tearful faces by individuals with Autism Spectrum Disorder (ASD), based on the same 

behavioral experiments described in chapters five and six. Almost by definition, autistic 

individuals are known to have difficulties with the perception and interpretation of 

emotional information. Therefore, the working of perceptual mechanisms regarding fear 
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and sadness might be disturbed. In this chapter, we tested whether the pre-attentive 

perceptual mechanisms found in normal individuals in chapters five and six, operate at 

similar or different processing speeds as in individuals with Autism Spectrum Disorder 

(ASD).  

Chapter eight concludes with an overall discussion, based on the results reported 

in all previous chapters of this thesis. 

 

 

 

  

Figure 1: Chapter outline of the thesis. The arrows represent the interdependencies between 

chapters, based on their theoretical background. 
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Verbal and Nonverbal Correlates for Depression: A Review 

 

 

Abstract 

Depression covers a substantial part of mental health problems worldwide. Currently, the 

occurrence of symptoms listed in DSM-IV is based on its diagnosis. However, there are 

also additional behavioral features distinguishing between depressed and healthy 

individuals that do not yet have the official status of symptoms. This article aims to 

provide a comprehensive literature overview of the distinctive characteristics of verbal 

and nonverbal behavior of depressed patients. Clinical psychology and psychiatry may 

benefit from the availability of better, more objective indicators of verbal and nonverbal 

functioning, which may be useful for diagnosis, prognosis, and treatment evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is based on: 

Balsters, M. J. H., Krahmer, E. J., Swerts, M. G. J., & Vingerhoets, A. J. J. M. (2012). Verbal 

and Nonverbal Correlates for Depression: A Review. Current Psychiatry Reviews, 8(3), 227-

234.
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Introduction 

 

Mood disorders are currently known to cover a substantial part of mental health problems 

of the population, with major depression disorder (MDD) being the most significant one. 

Worldwide, 8 to 12 percent of all people experience at least one episode of depression 

during their lifetime (Kessler, Berglund, Demler, Jin, Koretz, Merikangas, Rush, Walters, & 

Wang, 2003). There is currently consensus that both genetic predisposition and exposure 

to certain stressful life events (Caspi, Sugden, Moffitt, Taylor, Craig, Harrington, McClay, 

Mill, Martin, Braithwaite, & Poulton, 2003; Kendler, Kuhn, & Prescott, 2004) may 

determine an individual’s risk of developing depression. 

Depression is a disorder that can manifest itself in many different ways. 

Symptoms of depression can be categorized in cognitive, emotional, somatic, and 

behavioral terms. Pervasive low mood, low self-esteem and a loss of interest or pleasure 

in normal daily activities, negative cognitions, deficits in cognitive functions, as well as 

fatigue sum up the most important characteristics according to well-known DSM-IV 

(American Psychiatric Association, 1994). Even though there are other classification 

systems such as the Arbeitsgemeinschaft fur Methodik und Dokumentation in der 

Psychiatrie (AMDP) (Pietzcker & Gebhard, 1983) and diagnostic  tools, such as Schedules 

for Clinical Assessment in Neuropsychiatry (SCAN) (Wing, Babor, Brugha, Burke, Cooper, & 

Giel, 1990), in the present article we focus on the DSM-criteria. 

The current way of diagnosing depression – on the basis of the DSM – IV criteria 

(in which at least one of the symptoms is either depressed mood or loss of interest or 

pleasure) - implies that two individuals sharing no overlap in symptoms may nevertheless 

both receive a depression diagnosis. In order to obtain this diagnosis, it is the mere 

presence of an arbitrary subset of symptoms that counts.  

The great majority of current diagnostic tools (interviews and questionnaires) 

includes a listing of the “classic” symptoms of depression. The diagnosis is typically based 

on self-reports of the patient on how (s)he feels, behaves, and thinks, with a strong 

emphasis on mood and cognition, and relatively less attention for overt, verbal and 

nonverbal behavior. The underlying assumption for such approaches is that the 
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respondent is both honest and able to verbally report on these issues. An additional 

implicit assumption is that these aspects of behavior are the only or at least the most 

important ones for clinical decision making. Moreover, the standardized interviews used 

for diagnosis were originally designed for use in epidemiological and other research 

problems resulting in a layout allowing interviewers with no expertise in clinical 

interviewing to do the assessment as well. In other words, everything that cannot be 

caught by a question and its answer is excluded from the assessment. Because of this, 

possible important features of depression (such as drive, facial expression and modulation 

of mood) have so far not received the attention that they might deserve.  

This is especially true for other behavioral features that distinguish between 

depressed individuals and healthy people, which, however, do not have the official status 

of symptoms. In this article, we review the literature on these other behavioral features, 

focusing in particular on language and speech, as well as on some specific aspects of 

nonverbal behavior. In the past years, there has been an increasing attention on the 

application of ethological observation methods, which may yield additional valuable and 

clinically relevant information. Attention for these features is not only important to obtain 

better insight into the different ways of how depression can manifest itself, it might also 

yield relevant information for more valid and reliable diagnostic methods and treatment 

evaluation.  

Although a patient’s behavior covers a constant interaction of speech and 

nonverbal behavior (as included in standardized systems and diagnostic tools such as 

AMDP and SCAN), clinical practitioners in general seem to be unfamiliar with recent 

research developments in this area. Currently, popular diagnostic tools such as the 

Hamilton Rating Scale For Depression (HRSD) (Hamilton, 1960) and the Beck Depression 

Inventory (BDI) (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) include only few items 

with regard to verbal and nonverbal motor behavior (e.g. perception of diminished speech, 

excitement and agitation, physical signs of fear, crying behavior and physical self-

perception). Geerts and Brüne (2009) even assert that the failure of clinical psychiatry to 

pay more systematic attention to observable behavior has prevented progression in 

diagnostic accuracy, treatment and diagnosis.  



Chapter 2: Verbal and nonverbal correlates for depression 

25 
 

The aim of the present chapter is to provide an overview of characteristic verbal 

and nonverbal behavior of depressed patients that may be clinically relevant.  

 

Method 

 

We conducted a systematical literature search using the following databases: 

ScienceDirect, PubMed and Google Scholar, with search terms as depression in 

combination with verbal, nonverbal, acoustic, review, measurement and behavioral cues in 

order to find relevant literature for this review. In the identified articles, we further 

checked all references for additional sources. Individual case reports were not included.  

Below we discuss the most important studies found, each time also reporting the number 

and gender of the individuals studied (where available). 

 

Verbal behavior 

 

We first present an overview of verbal correlates for depression. Language is the most 

important vehicle for the exchange of information between individuals. Humans use 

words to express their thoughts and emotions, to communicate with others and to 

understand the world they live in. Until recently, language-based investigations were 

mainly focused on reasonably rigid standardized research methods to understand social 

and cultural processes (Hajek & Giles, 2003; Boroditsky, 2001). Instead of a more direct 

approach, an indirect strategy (such as describing a vague picture or telling a story) was 

applied in order to obtain insight into an individual’s mental condition from a collection of 

verbal samples (Schultheiss & Brunstein, 2001). 

Corpus linguistics (McEnery & Wilson, 2001) offers an alternative method, which 

puts the emphasis on the analysis of language in natural conditions rather than its 

assessment in more rigid and standardized, but at the same time also less ecologically 

valid and somewhat artificial settings. The philosophy behind it is to discover more about 

people on the basis of their everyday use of language. With the current advances in 

technology and software and the explosive growth of the internet, it is possible to have 



Expression and perception of emotions 

26 
 

enormous quantities of spoken and written ‘machine readable’ language at one’s disposal, 

which can be used for sophisticated data analysis. 

For example, the Linguistic Inquiry and Word Count software (LIWC) (Pennebaker, 

Francis, & Booth, 2001), calculates the degree to which people use different categories of 

words in spoken or written texts. This program is based on earlier evidence suggesting 

that mental health is associated with specific word use (Gottschalk & Gleser, 1969; 

Rosenberg & Tucker, 1979; & Stiles, 1992). LIWC searches for both style and content 

words and discerns 70 word categories. It distinguishes between positive (“happy”, 

“laugh”) and negative (“sad”, “angry”) emotion words, standard function word categories 

(e.g., self-references, first, second, and third person pronouns) and various content 

categories (e.g., religion, death, occupation). The program determines the frequency with 

which speakers/authors use these categories in their spoken or written language. One 

distinctive feature of LIWC is the analysis of function word use, a relatively often 

overlooked category in the area of computerized text analysis (Manning & Schütze, 1999). 

Function words (also known as ‘junk words’) are distinct from content words and are used 

to ‘glue’ other words together. They include pronouns, prepositions, articles, conjunctions 

and auxiliary verbs, such as “I”, “the”, “and”, “of” and “but” (Chung & Pennebaker, 2007). 

Although there are relatively few function words in any language (for instance less than 

0.04 % of English vocabulary), they nevertheless account for more than half of the words 

we use (Newman, Groom, Handelman, & Pennebaker, 2008). Despite the fact that people 

hardly pay conscious attention to them, function words can be quite informative about 

the speaker or writer. 

In particular, differences in use of function words may reveal differences in how 

individuals think about the world and their relation to it. Table 1 shows an overview of 

linguistic features and how they are associated with depression. For example, a frequent 

use of “You” and “I” suggests a different relationship between the speaker and addressee 

than the usage of “We”; the first suggesting a more detached approach, whereas the 

latter expresses a feeling of solidarity. In a similar vein, frequently using first person 

singular pronouns is associated with states of depression, sickness, but also self-
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awareness (Pennebaker, Mehl, & Niederhoffer, 2003). In sum, an intriguing finding of 

LIWC-analyses is that function words do vary as a function of psychological states.  

 

Table 1: Linguistic variables as possible correlates of depression in comparison with healthy individuals 

 

Feature   Possible Cue  Reference 

 

First person singular  More often  Bucci & Freedan (1981);  

Pronouns    Weintraub (1981, 1989); 

  Schneidman (1996); Schaller (1997); 

Pennebaker et. al. (2001); Rude et. al. (2004). 

 

Second and third Less often   Weintraub (1981, 1989);   

Person pronouns    Bucci & Freedan (1981);  

   Mergenthaler & Bucci(1999). 

 

Positive emotions  Less often   Weintraub (1981, 1989);  

Mergenthaler (1996);   

Pennebaker et. al. (2001); Rude et. al. (2004). 

 

Negative emotions  More often  Weintraub (1981, 1989);  

Mergenthaler (1996); 

Pennebaker et. al. (2001); Rude et. al. (2004).

  

 

References to death  More often  Pennebaker et. al. (2001). 

 

 

More in general, recent research has attempted to identify lexical patterns which 

might indicate a person’s depressive state. As shown in table 1, multiple studies have 

shown that the frequent use of the first person singular is associated with negative 

affective states (Weintraub, 1989). Studying spontaneous speech in five elderly depressed 

people in a case study, Bucci and Freedan (1981) found a positive relationship between 

depression and the use of first person singular pronouns, whereas second and third 

person pronouns were used considerably less. Weintraub (1981) demonstrated that 
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depressed people show a higher frequency of using “I” in ten-minute personal 

conversations compared with healthy subjects.  

More recently, Stirman and colleagues (2001) analyzed poems of nine suicidal 

poets and those of nine matched non-suicidal poets using the LIWC-program. 

Approximately 300 poems from their early, middle, and late periods were analyzed. 

Results showed that suicidal poets used significantly more first person singular pronouns 

(“I”, “me”, “my”) compared to non-suicidal poets. They also used less words referring to 

the collective, such as “we”, “us” and “ours” and made more references related to death. 

Somewhat surprisingly, no differences in the use of positive and negative emotional words 

were observed. 

Rude, Gortner and Pennebaker (2004) asked college students to write an essay 

about “their deepest thoughts and feelings about coming to college”. In this study, 

participants were classified as currently (n=31, 29 women), formerly (n=26, 20 women) or 

never-depressed (n=67, 47 women). Results revealed that depressed individuals used 

more often first person single pronouns than both formerly and non-depressed students. 

In addition, formerly depressed students overall used more self-references than non-

depressed individuals as well. A notable finding was that the frequent use of the word “I” 

took account for the main effect single handedly. Moreover, the use of “I” in natural 

speech recorded over several days was also more frequent in individuals with high-

depression scores than in those with low scores.  

In conclusion, a limited number of studies involving depressed and suicidal 

individuals have yielded consistent results indicative of a high degree of self-

preoccupation, which is being reflected by the use of more self-referring words such as “I”, 

“me” and “mine”.  

It remains to be established how this increased self-centeredness is precisely 

related to depression. An interesting question concerns the nature of this relationship. Is it 

cause, consequence, spuriousness or coincidence? More precisely, is the frequent use of 

these words a pre-morbid stable trait-like risk factor, or is it more like a symptom that 

covaries with fluctuations in the clinical condition? Alternatively, both characteristics may 

be associated with a third factor, such as personality, or it may be just a coincidence. The 
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clinically relevant question is thus whether these characteristics can be used for diagnostic 

or pragmatic purposes or as a therapy outcome measure. We are not aware of any studies 

addressing these issues, implying we currently lack the knowledge to make an adequate 

evaluation of the clinical significance of these findings.  

 

Acoustic speech characteristics 

 

Psychiatrist Kraepelin (1921) was among the first to describe the characteristic low 

monotonous voice, the slow speech rate, and the long pauses between and in the middle 

of sentences, which he noticed in several of his depressed patients. He further 

emphasized the dysfluency of their voice as reflected in slow, stuttering blocked speech. 

Although he reported numerous typical features in speech production of depressed 

patients, not all of them were present in even the most severe cases.  

Ever since Kraepelin, clinicians have frequently reported reduced variations in 

speech of depressed patients (see Table 2). This argues for more systematic research and 

the possible use of standardized acoustic measures of speech which may provide valuable 

information about cues for depression detection and/or therapy evaluation. In addition, 

the identification of speech disturbances in depressed patients may contribute to a better 

insight into possible underlying neurocognitive mechanisms. Since it is not possible for 

clinicians to rate a speaker’s voice on several parameters in a “live” setting, the use of 

recording devices and tools for sophisticated analyses seem to be called for.  

Newman and Mather (1938) and Chapple and Lindemann (1942) pioneered with 

recording speech of patients while they read standard passages and spoke to their 

psychiatrist. These investigators analyzed, among others, measures such as tempo and 

pause frequencies. Depressed patients demonstrated more pauses than speaking time, 

while the comparison group of hypomanic patients showed exactly the opposite pattern. 

Longer pause times and slower speaking rates have been found in several studies among 

depressed individuals (Hinchliffe, Lancashire, & Roberts, 1971). For instance, Weintraub 

and Aronson (1967) showed that depressed patients (n=45) typically display a slower 
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speaking rate, produce fewer words, and have longer pauses than non-depressed persons 

(n=46). 

Nilsonne (1987) compared speech characteristics of 28 patients suffering from 

Major or Bipolar Depressive Disorder with 13 normal control participants. The former 

group showed a longer response latency and a reduced pitch mobility and range. No 

significant effects were found for pause time. 

 

Table 2: Acoustic variables as possible cues to depression in comparison with healthy individuals  

 

Feature   Possible Cue   Reference 

 

 

Pitch variety Low   Kraepelin (1921); Newman &  

Mather (1938); Nilsonne (1988); 

 Sobin & Alpert (1999); 

Alpert et al (2001); Mundt et al. (2007). 

  

 

Pause Time    Long   Kraepelin (1921); Newman & Mather (1938); 

Chaple & Lindemann (1942); Hinchcliffe, 

Lancashire & Roberts, 1977); Sobin & Alpert 

(1999); Cannizzaro et al. (2005); Mundt et al. 

(2007).    

   

Speaking rate  Slow   Kraepelin (1921); Newman &  

Mather (1938); Hinchcliffe,  

Lancashire & Roberts (1977);Sobin & Alpert 

(1999); Mundt et al. (2007).  

   

Emphasis   Reduced   Nilsonne (1988). 

 

 

Alpert et al. (2001) demonstrated that monotony of the voice is a characteristic 

feature of depressed patients, resulting from reduced prosody. Whereas differences in 

utterance between depressed (n=22, 10 female) and healthy people (n=19, 11 female) 
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were found, pause time did not differ between groups. Finally, the topic of the 

conversation was also found to influence speaking rate. Mundt and colleagues (2007) 

analyzed speech samples from 35 depressed patients at the beginning of their treatment, 

recorded from telephone conversations with an automated voice response system. 

Patients who were responding to treatment showed significantly more pitch variety, 

smaller pause time and faster speaking rates compared with patients who were not 

responding to treatment.  

A study by Sobin and Alpert (1999) among 31 healthy female participants 

revealed that, when having to read out a sad passage loudly, they exhibited a softer voice, 

less inflection, slower speaking rate and more pause time. In contrast, readings of texts 

that represented anger, fear or joy did not show these patterns. 

In conclusion, the findings of the studies reviewed here thus suggest that individuals with 

a sad or depressed mood need more time to express themselves, speak more 

monotonously and with greater hesitancy, and produce more pauses in and between 

sentences.  

One may argue that the overall increased pause time possibly reflects a more 

general reduced level of psychomotor activation, or slower cognitive functioning. With 

automated speech tasks, when relatively little cognitive demand is required, such 

differences may hardly be noticed. However, in case of free speech, when the individual 

has to select, prepare, and execute a verbal response, a higher cognitive demand is 

required, which may explain why the association between pause variability and 

depression becomes particularly more manifest in case of free speech. Therefore, speech 

characteristics may be a valid measure of depressed mood only when assessed in free 

speech condition.   

To summarize, although these distinguishing speech characteristics do not have 

the official status of symptom, there is suggestive evidence that voice-related acoustical 

measures (such as pause time, pitch variability and speaking rate) may provide useful 

additional information about depression and its severity. When interpreting such findings, 

one should be aware of the possible effects of antidepressive pharmacological treatment, 

which may also diminish speech in some cases (Schatzberg, Cole, & Blumer, 1978). This 
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implies that it is not always easy to disentangle the effects of depression, and of 

psychopharmacological treatment. Future research should focus more systematically on 

the possible role of these measures for diagnosis, treatment and evaluation of 

interventions. 

 

Nonverbal behavior 

 

Human nonverbal behavior can be described at various levels, such as facial expressions, 

body postures, gestures and psychomotoric functioning (see Table 3). These can all be 

seen as tools to communicate emotions and social motives, driven by social intentions to 

interact and bond interpersonally (Troisi, Pompili,Binello, & Sterpone, 2007). The 

importance of nonverbal behavior must not be underestimated because adequate 

emotional expression stimulates mutual trust, empathy, liking and collaboration among 

people (Krumhuber, Manstead, Cosker, Rosin, & Marshall, 2007; van Baaren, Holland, 

Kawakami, & van Knippenberg, 2004). In this part, the focus will be on visual nonverbal 

behaviors and we exclude the aforementioned acoustic cues (such as speech rate and 

motor signs), which could be interpreted as motor behavior as well.  

Throughout history, it has been emphasized that individuals with mental 

disorders show marked or distinctive psychomotoric functioning compared with healthy 

people. In ancient Greece, scholars such as Hippocrates, Aretaeus of Cappadocia and 

Plutarch already emphasized the characteristic disturbances in motor behavior as an 

important feature of major depressive disorder (or melancholia, as it was called back then). 

And the 15
th

 century Italian artist Leon Battista Alberti wrote in his instruction for painters 

“We see how the melancholy, preoccupied with cares and beset by grief, lack all vitality of 

feeling and action, and remain sluggish, their limbs unsteady and drained of colour.” 

Kraepelin (1904) was one of the first clinicians who noted that “[t]he disturbance 

(i.e., the depression) must be essentially confined to the accomplishment of voluntary 

movements. This constraint is by far the most obvious clinical feature of the disease and 

compared with this, the sad, oppressed mood has but little prominence”. According to this 

author, gross motor activity, discrete body movements, speech and motor reaction time 
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differences clearly distinguish between normal and melancholic/depressed individuals 

(Sobin & Sackeim, 1997). 

However, such clinical observations are primarily anecdotal; one cannot take 

them at face value and one must always be reluctant to generalize to other patients. This 

is illustrated nicely with respect to a specific nonverbal behavior, crying. Whereas Charles 

Darwin had little doubts that the production of tears was a main characteristic of 

depressed people, witness his statement that “[n]othing is more characteristic of simple 

melancholia than a tendency to weep”, a recent overview led to the conclusion that the 

connection between depression and crying is far from clear. Crying is not necessarily 

greatly increased in depressed patients, who sometimes even report an inability to shed 

emotional tears (Vingerhoets, Rottenberg, Cevaal, & Nelson, 2007).  
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Table 3. Non-verbal variables as possible cues to depression in comparison with healthy individuals  

 

Feature   Possible Cue  Reference 

 

 

Motor activity  More during nighttime Foster & Kupfer (1975);  

Lower overall Wehr, Muscettola & Goodwin (1980). 

 

Self-touching Increased frequency  Pansa (1979); Sobin & Sackeim (1997); 

and duration Schrijvers, Hulstein & Sabbe (2008). 

 

Eye contact  Decreased   Pansa (1979); Sobin & Sackeim (1997) ; 

Troisi & Moles (1999); Schrijvers, Hulstein & 

Sabbe (2008). 

 

Crying Increased/Decreased  Vingerhoets, Rottenberg,  

Cevaal & Nelson (2007). 

 

Smiling   Decreased   Pansa (1979); Sobin & Sackeim (1997); 

Schrijvers, Hustein & Sabbe (2008). 

 

Eyebrow    Decreased   Pansa (1979); Sobin & Sackeim (1997); 

Movements     Schrijvers, Hustein & Sabbe (2008). 

 

Nonspecific  Increased   Schelde & Hertz (1994). 

Gaze patterns 

 

Looking down  Increased   Schelde & Hertz (1994); 

      Troisi & Moles (1999). 

 

Gesture   Decreased   Troisi & Moles (1999). 

 

 

In addition, there is some literature on the facial expressions of depressed people. 

According to a German study (Gaebel & Wölwer, 1992; Gaebel & Wölwer, 2004), 

depressed patients (n=21, 9 female) share with schizophrenic patients (n=23, 6 female) a 

reduced facial expressivity in comparison with healthy volunteers (n=15). Both patient 
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groups also share a reduced facial activity for communicative purposes and a lowered 

ability to express positive emotions. 

Ekman and coworkers (1997) have reported preliminary evidence for a predictive 

role of voluntary (or unfelt) and involuntary (felt) expressions for the prognosis of 

depressive patients. In a small sample of 17 patients, they demonstrated that facial scores 

of unfelt happiness and contempt were superior to scores obtained with the Brief 

Psychiatric Rating Scale in predicting clinical improvement. These investigations further 

demonstrated that major depression is characterized in particular by displays of sadness 

or disgust and less by unfelt happiness. On the basis of these findings, the authors suggest 

that the investigation of facial expressions in depressed patients may yield valuable 

information to refine diagnosis. Nonverbal behavior can be analyzed in patients when 

alone, or when interacting with others, either in a free setting or during an interview, and 

in many other contexts. One way to analyze nonverbal behavior is by merely looking at 

gross motor activity, such as monitoring activity during a 24-hour period. Variables include 

the total number of movements made during the entire period and ratios of daytime 

activity levels compared with levels during nighttime (Sobin & Sackeim, 1997). Another 

feasible method of measuring nonverbal behavior is to analyze video recordings of 

psychiatric sessions with depressed patients. More recently, 24-hour measurements of 

body movements, spatial temporal analysis, frame-by-frame analysis of video recordings, 

reaction times and wrist flexions have been analyzed (Schrijvers, Hulstein, & Sabbe, 2008).  

Foster and Kupfer (1975) demonstrated that, compared to normal individuals, 

depressed patients show more overall activity during nighttime. Moreover, the majority of 

their activity was centered around this time period. Very similarly, unipolar depressive 

patients display overall higher motor activity levels than bipolar patients. In addition, 

during daytime, depressed bipolar patients have been shown to have lower mean activity 

levels relative to comparison groups (Wehr, Muscettola, & Goodwin, 1980).  

Jones and Pansa (1979) recorded 10-minute interview sessions of 13 depressed, 

12 schizophrenic and 25 control participants and analyzed facial expressions, gestures, 

head movements, looking and self-touching behavior. Compared to the control group, 

depressed persons displayed an increased frequency and duration of self-touching, had 
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less eye-contact with the interviewer, a decreased amount of smiling, and showed less 

eyebrow movements. In comparison to the schizophrenic group, more frequent, longer 

and smaller movements of the head, more frequent large movements, more body 

touching and short eye-contact with the interviewer and other visual stimuli were 

observed in the depressed group.  

Another discriminating feature seemingly associated with psychopathology is 

gazing behavior. Schelde and Hertz (1994) found more nonspecific gaze patterns and 

looking-down behaviors among depressed patients, which improve along with successful 

clinical treatment. Moreover, depressive mothers tend to gaze less at their infants than 

nondepressed mothers (Field, 1995).  

 

New developments 

 

Research on emotional body language is currently rapidly emerging as a new field in 

cognitive and affective neuroscience (de Gelder, 2006). Until today, over 95 percent of all 

published studies about nonverbal expressions of human emotions are based on facial 

expressions as stimuli, whereas remarkably whole-body expressions are used in only a 

handful of studies (Sinke, Sorger, Goebel, & de Gelder, 2010). Recent investigations have 

shown that similar perceptual and biological mechanisms are involved in emotional body 

perception as with face processing (de Gelder, 2006). Brain areas (such as the fusiform 

gyrus and amygdala) that were originally thought to be face-specific, demonstrated similar 

patterns of activation when people were exposed to whole body perception. These 

investigations underscore the importance of emotional body language and its potential 

clinical usefulness. 

Measuring nonverbal behavior in a clinical setting mostly implies filling in rating 

scales. However, some researchers have emphasized the additional value of information, 

collected with more systematic observation methods, based on ethological approaches.  

A frequently applied variant of ethograms is the Ethological Coding System for 

Interviews (ECSI), originally developed by Grant (1968), and more recently refined and 

simplified by Troisi (1999). This ethogram distinguishes between 37 behavioral elements, 
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which are grouped in the nine global categories: (I) eye contact, (II) affiliation, (III) 

submission, (IV) pro-social behavior, (V) flight, (VI) assertion, (VII) gesture, (VIII) 

displacement, and (IX) relaxation. In order to combine different behavior patterns and to 

construct behavioral categories, two types of evidence that are common in ethology were 

used. First of all, contextual evidence, which is based on the fact that certain observations 

are related to the contexts in which they are observed and thus are likely to have a 

functional relationship with it. Second, consequential evidence, based on the functional 

homogeneity of behaviors that produce the same or similar effects in social interaction 

(Troisi et al., 2007). 

Although more complex and time consuming than standard clinical techniques 

(manually annotating nonverbal behavior takes more time than filling in a rating scale), 

Troisi (1999) argues that the ethological approach is relevant for clinical practice for at 

least two reasons. First, when measuring behavior of individuals with mental disorders, 

assessment based on ethology might contribute significantly to the development of more 

accurate and valid diagnostic methods. Second, it might supply clinicians with a theoretical 

framework for integrating a functional perspective concerning the definition and clinical 

assessment of mental disorders.  

This ECSI analysis of video recordings of nonverbal behavior of 68 unipolar 

depressed and 72 nondepressed individuals revealed a clear overall restriction of 

nonverbal expressiveness for both male and female depressed patients (Beck, 1983). 

Lower scores were obtained on three behavioral categories that are related to 

establishing and maintaining social contacts (look at, affiliation and gesture), implying 

social withdrawal behavior. Further, depressive patients scored lower on flight, 

displacement behavior and relaxation. Depression failed to account for some differences 

in nonverbal behavior between males and females. Women (both depressed and non-

depressed) obtained higher overall scores on “submission”, “affiliation” and “assertion”. 

Earlier research confirmed these findings, suggesting that, as a group, women tend to act 

in a more socially active manner.  

A second example of the application of ethograms has been supplied by Bouhuys 

and Albersnagel (1992), who examined the interaction between patient and interviewer at 
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the behavioral level. This ethogram consisted of 12 behavioral elements, which we 

described in terms of frequency and duration during both speaking and listening.  

These investigations further made a distinction between (semi)naturalistic 

observations on the ward and interviews with health professionals (Bouhuys & 

Albersnagel, 1992). The picture that emerges from both observations is that depressed 

patients in several ways gave evidence of decreased social function, which also appeared 

to be a critical factor in their prognosis. For example, social behavior in the second – not 

the first – week of hospitalization proved to be a predictor of improvement. However, the 

returning critical question, of course, is again whether such ethograms can be used for 

clinically relevant purposes such as diagnosing or whether they may yield additional useful 

information concerning prognosis or to evaluate treatments. Information concerning the 

specificity and sensitivity of this new information is badly needed. 

Troisi and Moles (1999), comparing the behavior during a clinical interview, 

demonstrated that (unipolar) depressed individuals (n=68, 37 female) were especially 

characterized by shorter durations and lower frequencies of smiling and looking at the 

interviewer than with 72 non-depressed individuals (40 female). In addition, hand 

movements in this group were less body-focused. Clinical improvement was first marked 

by an increase in frequency and duration of smiles.  

Concerning the prediction of treatment outcome, Troisi et al. (1989) reported 

that patients (n=8) showing high levels of submissive behavior, affiliation, and assertive 

behavior responded rather poor to five week amitryptiline treatment in contrast with 14 

patients showing low levels of these behaviors. Bouhuys and Albersnagel (1992) also were 

able to predict outcome of a 10 week treatment on the basis of some of the above 

described behaviors. More specifically, restlessness, speaking effort, and active listening 

(negatively) were associated with poorer outcomes. Interestingly, it was also found that 

the behavior of the interviewer also had predictive power. The display of little restlessness, 

active listening and relatively much encouragement predicted a poor patient outcome. In 

a subsequent study, the behavior of the interviewer was systematically manipulated. This 

demonstrated that speaking effort paralleled encouragement (Geerts & Brüne, 2009). 

Such a convergence thus seems to have a positive effect on outcome. Additional research 
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yielded support that the positive effects of such a convergence can be generalized to the 

interaction with other conversation partners, including the patient’s partner. Moreover, 

Hale et al. (1997) analyzed the behaviors of the partners of 25 depressed patients during 

interactions and demonstrated that high levels of speech of these partners were 

associated with poor recovery.  

To summarize, the assessment of certain nonverbal behavioral cues, may add 

valuable information to the well-known rating scales used by clinical practitioners. 

 

Conclusion 

 

This overview summarizes research on the relationship between depression and several 

specific verbal and nonverbal behavior characteristics. A better insight into these 

characteristics and the precise nature of their associations may be helpful both to 

diagnose depression in an earlier phase and more adequately, as well as for prognosis and 

the evaluation of therapeutic interventions.  

Having established an association between depression, on the one hand, and 

verbal and nonverbal behavior characteristics on the other, however, may imply several 

different kinds of connections. The behaviors may be considered as very early, maybe 

subclinical, symptoms, just as the other well-known symptoms described in the 

introduction. However, there are also other possibilities. For example, theoretically it 

cannot be excluded that some of these behaviors are premorbid risk factors that facilitate 

the development of depression or that there is some unfortunate genetic connection 

between risk of depression and these specific behaviors. Moreover, if the research 

findings are mainly based on medicated patients, one also cannot rule out the possibility 

that the observed differences in behavior are due to the effects of antidepressants, such 

as SSRI’s and tricyclics. In the latter case, it would be important to also collect data from 

non-medicated patients to see to what extent the observed findings are directly related to 

the use of antidepressants.  

A further point of interest could be the possible relationships between the 

described linguistic, acoustic and non-verbal cues. So far, these cues have been analyzed 
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mostly in isolation from each other. A new method of research of added value could be 

the integration of these different kinds of cues. The availability of data in all three areas 

opens up possibilities to clarify potential underlying dimensions which are likely to yield 

new insights. Automatic classification techniques such as machine learning or statistical 

factorial analysis could be used for this (Manning & Schütze 1999). If these cues are 

registered adequately (by creating a clinical setting with appropriate equipment to 

properly record verbal and nonverbal patient behavior and taking privacy and other 

ethical considerations into account), they could have substantial additional value for 

diagnosis, prognosis, and therapy. 

Until now, little research has been conducted with regard to mental illnesses and 

(non)verbal interaction in general. Nevertheless, in addition to the already investigated 

cues, several other behavioral features remain open for further exploration. In recent 

social interaction experiments (Stewart, Corcoran, & Drake, 2008; Champagne-Lavau, 

Fossard, Martel, Chapdelaine, Blouin, Rodriguez, & Stip, 2009), for example, schizophrenic 

patients demonstrated equivalent adaptation skills (i.e., had equivalent skills in taking the 

perspective of their conversation partner), but were poorer in mentalising and referential 

communication tasks compared to healthy participants. To our knowledge, no further 

research has been conducted with regard to adaptation processes of people with mental 

disorders whose poor social functioning might be connected with the inadequate 

emotional expressivity. Although these findings are just preliminary, they indicate a need 

for extensive further research in the field of verbal and nonverbal interactive social 

processes.  

Another possible area of interest with respect to the language of depressed 

patients concerns the analysis of sequences of words. Although the use of “I” as a single 

word is seen as an important depression cue (Pennebaker et al., 2001), the context in 

which it is used is generally ignored. For instance, a bigram (two word combination) such 

as “I love” or “I enjoy” is less likely to be a depression related cue. A potential problem of 

including this kind of analysis could be data sparseness; to study sequences of words, one 

needs more data to be able to perform a reliable statistical analysis.  
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Simply counting words is of course a very crude method to understand underlying 

dimensions of what people are saying. Therefore, one should carefully look at what words 

should be counted (and, if possible, also their context) in order to make a proper analysis 

of one’s linguistic style.  

In addition, emotional body language is likely to be an equally important factor 

for the recognition of emotion as facial expressions (de Gelder, 2006). The nonverbal cues, 

as described earlier on, would be worthwhile to investigate in relation to depression as 

well.  

In conclusion, clinical psychology and psychiatry may benefit considerably from 

these new developments, which, admittedly, are also more time consuming and thus 

more expensive than the traditionally employed assessment methods. Although it is yet 

too early to make definitive recommendations for clinical applications, the availability of 

better, more objective indicators of verbal and nonverbal (social) functioning will probably 

facilitate better diagnosis, prognosis, treatment and improved methods for therapy 

evaluation. The introduction of such methods is not only a matter of money, but also of 

attitude and willingness.  
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Verbal and Nonverbal Behavior of Adolescents with a Low and High Risk for Mental 

Health Problems 

 

Abstract 

Purpose: We investigated the potential predictive value of several verbal and nonverbal 

behavioral cues in terms of possible future mental health problems among adolescents. 

Method: We analyzed linguistic, nonverbal and acoustic behaviors of 37 adolescents (low 

versus high risk for developing mental health problems) performing a free speech task. 

Results: High risk adolescents spoke less, more monotonously, and relatively more about 

home and family than their low risk counterparts, indicating relations with introversion 

and attachment-related problems. High risk boys spoke with a higher frequency compared 

to low risk boys, which did not hold for girls. Nonverbally, girls showed more affiliation 

and flight behavior than boys, indicating gender-specific coping strategies. High risk girls 

used fewer words and displayed more flight behavior than low risk girls, whereas boys 

displayed the exact opposite pattern. Conclusions: Using multi-disciplinary measurements, 

we obtained novel results that could facilitate early detection and prediction of mental 

health problems. 

 

 
 
 
 
 
 
 
 
 
 
This chapter is based on:  
Balsters, M. J. H., Krahmer, E. J., Swerts, M. G. J., & Vingerhoets, A. J. J. M. (2010). 
Measuring potential cues for depression in adolescents. Paper presented at the 
Proceedings of the 7th International Conference on Methods and Techniques in 
Behavioral Research, Eindhoven, The Netherlands. 
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Introduction 

 

Adolescence is a vulnerable period, during which both boys and girls may develop all kinds 

of mental problems, such as anxiety disorders (e.g., phobias), excessive worries and fears, 

conduct disorders, eating disorders, addictions and depression to mention some of the 

most important (Ford, Goodman, & Meltzer, 2003; Nolen-Hoeksema, 2001). Meanwhile, 

several risk factors have been identified, including genetic predisposition, early youth 

experiences, and the current psychosocial conditions, such as family climate (Bouma, 

Ormel, Verhulst, & Oldehinkel, 2008). 

However, little is known about the predictive value of behavioral characteristics 

of children. There is only some limited knowledge about specific verbal and nonverbal 

behaviors of individuals with mental health problems (in particular depression), of which 

the status is not clear. For example, research has demonstrated that there is a connection 

between depression and word use. More precisely, depressed patients were found to use 

more first person singular pronouns, used the word “I” more frequently, refer less to the 

collective (such as “we”, “us” and “ours”), and make more references related to death 

(Bucci & Freedman, 1981; Rude, Gortner, & Pennebaker, 2004; Stirman & Pennebaker, 
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However, it is not clear whether these characteristics should be considered as 

clinical symptoms, as risk indicators, or as the consequence of pharmaceutical treatment. 

In the current study, the focus is on behavioral characteristics, more specific linguistic, 

acoustic and nonverbal features of adolescents, who are determined to be at risk for the 

development of mental health problems. Video recordings of these adolescents, who 

were identified as either having a low or high risk of developing mental health problems, 

were analyzed in order to investigate whether such behavioral cues differentiated 

between high and low risk groups.  

In his 1942 article, Sanford already mentioned the likeliness of a link between 

speech and personality: effective speech would go hand in hand with effective personality 

(Sanford, 1942). As stated earlier, linguistic studies involving depressed and suicidal 

individuals have yielded consistent results indicative of a high degree of self-
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preoccupation, which is being reflected by the use of self-referring words, such as “I”, “me” 

and “mine” and of negatively valenced words. We therefore expect that adolescents at 

risk of developing a mental health problem (without actually being depressed) show 

comparable verbal cues as depressed adults. 

Moreover, as reported in chapter two, previous research has demonstrated 

discriminating nonverbal behavioral features between healthy and psychiatric patients 

(Balsters, Krahmer, Swerts, & Vingerhoets, 2012). For instance, Troisi and colleagues have 

found an overall restricted nonverbal expressiveness in both depressive and schizophrenic 

patients compared to healthy individuals (Troisi & Moles, 1999; Troisi, Pompili, Binello, & 

Sterpone, 2007). In line with the symptomatic findings found in nonverbal analyses, we 

expected to find a similar overall restriction of nonverbal expression in high-risk 

adolescents.  

Earlier investigations concerning speech analysis have additionally revealed 

discriminating acoustical features between healthy individuals and those experiencing 

mental health problems. For instance, as shown in chapter two, depressed patients 

display lower pitch variety, longer pause time, slower speech rate and a reduced emphasis 

compared to non-depressed individuals (Cannizzaro, Harel, Reilly, Chappell, & Snyder, 

2004; Mundt, Snyder, Cannizzaro, Chappie, & Geralts, 2007). Based on these findings, we 

hypothesized that adolescents belonging to the high-risk group would display lower pitch 

variety, longer pause time, slower speech rate and a reduced emphasis compared to low 

risk individuals, thereby distinguishing themselves as possible predictors or risk indicators 

of depression. 

 
Method 

 

Sample 

Video recordings of 17 “low-risk” (8 female) and 20 “high-risk” (10 female) adolescents 

(age 15-17 years) while they performed a social stress task were analyzed. The sample was 

taken from the TRacking Adolescents’ Individual Lives Survey (TRAILS), a large prospective 

cohort study in which Dutch adolescents are measured biennially until at least the age of 
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25. The data used for the current analyses were collected during the third assessment 

wave, conducted between September 2006 and December 2007.  

At this wave, approximately 750 adolescents were evaluated while performing 

extended laboratory tasks. The risk profile of the participants was based on the following 

aspects: (1) temperament scores, (2) parental psychopathology and (3) living in a single-

parent family situation. Each individual adolescent was assigned to one of eight risk-

groups varying from score 0 (low-risk for developing mental health problems) to 7 (high-

risk for developing mental health problems). For our analyses, we selected 17 adolescents 

with score 0 as the low-risk group, whereas we selected 20 adolescent with score 7 for the 

high-risk group. Participants diagnosed as being depressed at the time of the 

measurements, based on Youth Self Report (YSR)-scores (Achenbach, 1991), were 

excluded from the analyses.  

 

Test Procedure 

Data collection took place in sound-proof rooms with blinded windows in the participants’ 

town of residence. The social stress test was always the last part of a three hour test 

session covering various other psychological and medical tests.  

Our analyses were based on video recordings of the adolescents while performing 

the so-called Groningen Social Stress Test (GSST); a standardized protocol based on the 

Trier Social Stress Task (Kirschbaum, Strasburger, & Langkrär, 1993). Its goal is to induce 

moderate performance related stress by the use of a public speaking task and mental 

arithmetics. Participants were instructed to prepare a 6-minute speech about themselves 

and their lives and to deliver it in front of a video camera. Preceding their performance, 

they were told that they would be judged on several aspects, such as content of speech as 

well as the use of their voice and posture. In order to induce a threat of social rejection, it 

was also suggested that they would be rated by a panel of peers afterwards. The test 

leader attended the whole performance, taking care not to show any sign of empathy or 

encouragement. All analyses were conducted blind; the experimenter (who managed the 

video recordings) and analyst did not know to what group the adolescent belonged to. 
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Linguistic analysis 

In order to analyze the data for possible underlying linguistic dimensions, all words 

uttered during the given 6-minute speech time were transcribed using ELAN software. 

These annotations were then subjected to the Linguistic Inquiry and Word Count (LIWC) 

program (Rude et al., 2004), which analyses texts on a probabilistic word-by-word basis to 

a default dictionary of words and word stems. Since all participants spoke Dutch, we used 

the 2004 Dutch LIWC-version, which has a dictionary of 6568 words divided over 66 

predefined word dimensions. These Dutch dimensions show a high correspondence with 

their corresponding English equivalents (Zijlstra, Meerveld, Middendorp, Pennebaker, & 

Geenen, 2004).  

 

Nonverbal Behavior Analysis 

For the analysis of nonverbal behavior, we used the Ethological Coding System for 

Interviews (ECSI), developed by Troisi & Moles (1999). This system was specifically 

designed to measure nonverbal behavior during clinical interviews using ethological 

principles and includes 37 different behavior patterns (varying from hand and body 

movements to facial expressions) divided over eight behavioral categories. As stated 

earlier, ECSI categories have been shown to discriminate between control and psychiatric 

patients in clinical interviews, as well as between different psychiatric subgroups (Troisi & 

Moles, 1999; Troisi et al., 2007). 

We scored the video recordings on 25 selected behavioral patterns divided over 

the following four categories: (1) Affiliation (associated with ECSI behaviors 2-6: e.g., head 

tilt, smile, raising eyebrows), (2) Flight (behaviors 10-15: e.g., to look  away/down, eyes 

shut, chin to chest), (3) Displacement Behavior (24-32: e.g., hand-face touching, yawning) 

and (4) Relaxation (33-37: e.g., settle, fold arms, laugh).  

Before the actual analysis, it was ascertained that the observers reached an inter-

observer reliability ( ) of at least 0.70 for each behavior pattern. This evaluation was 

based on a sample of 40 different video recordings also rated by a second observer, 

independent from the authors and blind to condition. For the current analysis, we cut out 

the first minute of the free speech task (from the onset of the first spoken word) and 
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removed the sound. While watching the video, the observer recorded whether each 

behavioral pattern occurred during these 60 seconds or not. The occurrence of each 

pattern was scored as “1”, no occurrence as “0”. Following this, the scores for each 

individual were summed up per behavioral category in order to obtain ”amounts” of 

behavior.  

 

Speech characteristics 

From the video recordings used in the nonverbal behavior analysis, the first minute of 

audio was isolated and normalized at a maximum amplitude of -3 dB using Audacity 

software, resulting in 37 audio clips in total. Every audio clip had a fixed starting point at 

the very first speech onset moment. It was ascertained that only the participant was 

speaking, without any interruption of the test leader.  

The first measure we analyzed was average fundamental frequency (F0), viewed 

as the acoustic correlate of pitch. In order to obtain this, a CSL pitch contour analysis was 

run from each individual sound file using PRAAT software. Further, individual minimum 

and maximum pitch values were calculated. In order to obtain pitch variety scores, 

minimum pitch values were subtracted from the maximum pitch values for each individual. 

In addition, we computed the speaking rate by counting the amount of spoken words per 

minute. 

Finally, we determined speech onset time for each participant. This measure was 

defined as the time between offset of the last spoken word by the test leader and the 

onset of the very first spoken word by the participant. Separate audio fragments were cut 

out from the original sound files in order to meet the criteria. 

 
Statistical analysis 

Statistical analyses were performed using 2 (low versus high risk for developing mental 

health problems) x 2 (male versus female) ANOVAs. In addition, logistic regression 

analyses (with risk group as dependent variable) were run to evaluate the predictive value 

of the variables. 
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Results 
 
Linguistic analysis; 
 
All means and SDs of the measured variables, separately for groups, are displayed in Table 
1.  
 

TABLE 1: Means and standard deviations on linguistic depression measures (LIWC) for the two risk groups.  

 

 

     Low Risk Group  High Risk Group 

     (n=17)   (n=20) 

______________  _____________ 

     Mean (SD)  Mean (SD) 

_________________________________________________________________________ 

 

Word Count    808.41 (308.56)  707.10 (207.58)* 

Linguistic Dimensions 

“I”     8.46 (1.85)  7.74 (2.74) 

Self    8.64 (1.66)  7.81 (2.69) 

Longer Word (> 6 letters)  10.53 (2.10)  11.08 (2.34) 

Negatively valenced words 1.37 (0.73)  1.32 (0.75) 

Positively valenced words  2.07 (0.85)  1.69 (0.99)  

Social words   4.17 (2.07)  4.42 (1.07)  

Family    0.57 (0.51)  1.18 (0.89)* 

Home    0.47 (0.34)  0.74 (0.48)* 

 

_________________________________________________________________________ 

Note:  Word Count scores are absolute values. The linguistic dimensions are illustrated as mean percentages of 

words (out of the total number of words in 6 minutes of free speech) per linguistic category. * p<.05, on ANOVA 

analysis. 

 

ANOVA analysis revealed that, contrary to our expectations, no effects with 

regard to first person singular words were found between the risk groups (p>0.05). We did 

find a group effect for word rate (F(1,36)= 4.51, p=.040); low-risk adolescents talk more 

than high-risk ones. Moreover, we found group effects for family (F(1,36) = 7.05, p=.012) 

and home related words (F(1,36) = 5.22, p=.028); adolescents belonging to the high-risk 

group used these words significantly more than those belonging to the low-risk group. 
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An interaction was found between group and gender (F(1,36) = 5.80, p=.021) with 

regard to the number of words produced during the whole measuring period. In the low-

risk group, female adolescents spoke more than males, whereas the high-risk group 

showed the opposite pattern. Another interaction was found for the usage of larger words 

(words consisting of more than six letters); in the low risk groups girls used more larger 

words than boys, as opposed to the high risk group, which showed exactly the opposite 

pattern (F(3,33) = 4.53, p=.041). 

In addition, a logistic regression analysis was run on all LIWC-variables with a p-

value smaller than .10. No significant effects were found for any of the variables.  

 

Nonverbal analysis 

Table 2 summarizes the results of the nonverbal behavior coding. No group effects were 

found for any of the four behavioral categories (all p>.05). However, we did find significant 

gender effects for affiliation (F(1,36)= 4.71, p=.037) and flight behavior  (F(1,36)= 10.39, 

p<.01); overall, female adolescents showed more affiliation and flight behavior than males. 

In addition, an interaction between group and gender was found for flight behavior 

(F(1,36)= 5.33, p<.05). Men in the high-risk group showed less flight oriented behavior 

compared to the low-risk group, whereas women displayed exactly the opposite pattern. 

Further analysis revealed that the main effect of flight behavior is solely attributed to the 

high-risk group (F(1,17)= 19.09, p<.001).  
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TABLE 2: Means and standard deviations on nonverbal behavioral depression measures (ECSI) for the two risk 

groups and gender.  

 

 

     Low Risk Group  High Risk Group 

     (n=17)   (n=20) 

______________  _____________ 

     Mean (SD)  Mean (SD) 

_________________________________________________________________________ 

 

Affiliation 

 Overall    1.47 (0.87)  1.63 (0.96) 

Male    1.11 (0.78)  1.45 (1.13)* 

Female    1.88 (0.84)  1.88 (0.64)* 

Flight       

 Overall    1.53 (0.62)  1.37 (0.76) 

Male    1.44 (0.43)  0.91(0.70)** 

Female    1.62 (0.74)  2.00 (0.00)** 

     

Displacement 

 Overall    2.71 (1.21)  2.79 (1.44) 

Male    2.78 (1.20)  2.27 (1.35) 

Female    2.62 (1.30)  3.30 (1.30) 

Relaxation  

Overall    1.06 (0.56)  1.05 (0.62) 

Male    1.11 (0.60)  1.00 (0.78)

 Female    1.00 (0.54)  1.13 (0.35) 

_______________________________________________________________________ 

Note: All values are mean values per behavioral category. * p<.05, ** p<.01, on ANOVA analysis. 

 

Acoustic analysis 

As shown in Table 3, a main group effect was found for pitch variation (F(1,33)= 5.17, 

p=,030); adolescents in the high-risk group talk significantly more monotonously than 

those in the low-risk group. In line with this, maximum pitch values were significantly 

lower in the high-risk group for both boys and girls (F(1,33)= 5.58, p=.024). 

Furthermore, a group effect was found for mean pitch values (F(1,33)= 5.19, 

p=.029). Male adolescents running a high risk of developing mental health problems have 
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a significantly higher mean voice pitch than those running a low risk of developing these 

problems (F(1,17)= 8.35, p= .010). In contrast female adolescents do not show any 

difference on this acoustic measure (F(1,17)= 0.06, p>.05). As expected, a difference in 

fundamental frequency between males and females was found (F(1,37)= 209.26, p<.001) 

as well.  

A multivariate analysis was run on all significant measures (p≤.10). No regression 

effects were found.  

 

TABLE 3: Means and standard deviations on acoustic depression measures for the two risk groups and gender.  

 

 

     Low Risk Group  High Risk Group 

     (n=17)   (n=20) 

______________  _____________ 

     Mean (SD)  Mean (SD) 

_________________________________________________________________________ 

 

Mean Pitch 

 Overall    166.34 (47.94)  181.97 (39.14)* 

Male    124.40 (15.28)  148.50 (20.34)*

 Female    213.51  (13.54)  215.44 (18.23) 

Minimum Pitch      

 Overall    78.86 (4.68)  77.18 (5.84) 

Male    77.84 (3.30)  76.21 (4.80) 

Female    80.01 (5.89)  78.13 (6.85) 

Maximum Pitch 

 Overall    574.79 (42.04)  510.68 (103.04)* 

Male    578.66 (39.14)  531.09 (99.59) 

Female    570.44 (47.42)  490.28 (107.57) 

Pitch Variation  

Overall    495.93 (41.92)  433.50 (104.48)* 

Male    500.82 (38.85)  454.87 (100.11) 

Female    490.43 (47.18)  412.14 (109.58) 

_________________________________________________________________________ 

Note: Pitch values are in Hertz. * p<.05, on ANOVA analysis. 
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Discussion 

 

The aim of the present study was to identify possible behavioral risk factors associated 

with future mental health problems among healthy adolescents. Our analyses with regard 

to these linguistic, nonverbal and acoustic features identified some potential behavioral 

risk indicators. 

High-risk adolescents who have a high risk of developing mental health problems talk 

less during the first minute than their low-risk counterparts. These results are in line with 

earlier findings demonstrating that introverted individuals run a higher risk of developing 

mental health problems, such as depression (Barnett & Gotlib, 1988; Jasper, 1930). 

Moreover, family and home related words were used more in the high-risk condition, 

suggesting possible attachment-related problems. Previously, Irons and Gilbert (2005) 

showed that insecure attachment in adolescents is positively associated with mental 

health problems, such as submissive behavior, depression and anxiety symptoms. Since 

the high risk-adolescents in our study have to deal with insecure attachment 

characteristics (for instance, growing up in a single-parent family), our findings are likely to 

correspond with these earlier data. 

The interactions between risk and gender found for the linguistic and nonverbal 

analyses show, respectively, decreased word use and increased flight behavior for females 

in the high-risk condition. High-risk male adolescents, in contrast, talk more and display 

significantly less flight behavior than their low-risk counterparts. In line with this, earlier 

research demonstrated that depressed or homesick boys tend to display more 

externalizing aggressive and extravert behavior whereas girls display more internalizing 

behavior (Thurber, 1999; Thurber, Sigman, Weisz, & Schmidt, 1999), possibly reflecting 

characteristic gender-specific coping strategies. The main gender effect for flight behavior 

(women showing this behavior more than men) might reflect this as well.  

We also identified some acoustic properties that might serve as predictors of future 

mental health problems and thus possibly surpassing their original status of merely 

symptoms. More precisely, adolescents at high risk of developing mental health problems 

display an overall smaller variation in terms of pitch frequency than those running a low 
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risk. In other words, high-risk adolescents talk more monotonously. These results match 

our expectations based on earlier research. In several studies, depressed patients have 

shown to display a smaller pitch variability than non-depressed persons (Alpert, Pouget, & 

Silva, 2001; Balsters et al., 2012; Cannizzaro et al., 2004; Mundt et al., 2007). In line with 

this, we also found that adolescents belonging to the high-risk group have lower maximum 

voice pitch values than those in the low-risk group. 

Furthermore, a significant effect of group on mean voice pitch frequency was found. 

Further analyses showed that boys took account for this effect single-handedly; 

adolescent boys in the high-risk condition talk with a higher voice than those in the low-

risk condition. Whereas we expected to find lower mean voice pitch in the high risk group 

(Mundt et al., 2007), these results rather suggest that there is a gender-specific difference 

in terms of mean voice pitch. High risk adolescent males displayed a different voice 

acoustic pattern than low risk males, whereas females did not show any difference at all. 

In line with our previous nonverbal results, this might suggest that, by raising their voice, 

males tend to put more effort in expressing themselves. 

As stated in the introduction, gender and personality could be seen as distinctive 

factors in terms of developing mental health problems, such as depression (Kessler et al., 

2003). On all three levels of measurement, we observed differences in behavior between 

adolescent boys and girls when exposed to a social stress task, i.e. the 6-minute free 

speech task. One may wonder if by talking more, with higher pitch, using longer words and 

displaying more assertive nonverbal behavior, boys adopt their own gender-specific 

strategy to cope with the stressful situation. 

Besides these promising findings, we failed to find some expected results. Our 

analyses did not show the hypothesized effects for the high risk group in terms of 

increased self-references. On a nonverbal level, we did not find any main effects for flight, 

displacement and relaxation behavior. A possible explanation for this could be that the 

aforementioned behavioral cues were observed in people belonging to risk groups created 

in terms of general mental health problems rather than specific for depression. Our choice 

of selecting behavioral and acoustic cues that were found to be associated with 

depression in earlier research might be too specific in some cases. Although depression is 
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a major cause of mental health problem in adolescents, it obviously does not account for 

the complete range of potential mental disorders, such as anxiety disorders, eating 

problems and substance abuse.  

Moreover, it must be emphasized that the adolescents whose behavior we analyzed 

only belonged to a risk group and, thus, were not clinically depressed at the time of the 

video recordings. This already discussed fundamental difference of actual symptom versus 

behavioral correlates with potential predictive value might account for the absence of any 

effects on these variables. More exactly, how precisely are they related to mental health 

problems; is it cause or consequence? Is the decreased word use as observed in the high 

risk group a stable trait-like risk factor, or is it more like a subclinical symptom that is 

covarying with fluctuations in the mental health condition? Furthermore, since we focused 

on depression-specific behavioral characteristics for our analyses, the question remains 

whether they have predictive value for other psychiatric/mental health problems as well? 

Finally, the size of our study sample was limited, stressing the need for future research 

with greater study groups. The lack of significant findings in the multivariate regression 

analysis additionally demonstrates that caution must be exercised when interpreting 

these findings. Future longitudinal analysis, with more information of the actual mental 

health status of the participants, as determined with follow-up measurements is needed 

to further evaluate the reliability and validity of these findings.  

In conclusion, our multi-disciplinary measurements yielded some possibly interesting 

results which might be valuable to early detection or prediction of mental health problems. 

Whether these findings reflect predecessors or actual symptoms of depression, however, 

remains open for further exploration. Additional prospective data (e.g. mental health 

diagnoses years after the assessment of the possible predictors) are needed to allow more 

definitive conclusions. 
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Potential Verbal and Nonverbal Predictors of Depression in Adolescents: A Prospective 

Study 

 

Abstract 

Purpose: In a prospective study, we investigated the potential predictive value of several 

verbal and nonverbal behavioral cues in terms of future depression among adolescents. 

Method: We analyzed linguistic, nonverbal and acoustic behaviors of 40 healthy 

adolescents (20 would develop depressive problems two years later) performing a free 

speech task. Results: We were able to identify several linguistic and nonverbal cues 

distinguishing adolescents who would become depressed and those who did not. For 

instance, adolescents who became depressed used more words related to affection and 

positive emotions. Gender-specifically, female adolescents who became depressed two 

years after the original video recordings used self-references than those who did not 

become depressed. Nonverbally, adolescents who developed future depression displayed 

less behaviors related to affiliation and relaxation, and more to displacement. Acoustically, 

no significant effects were found. None of the variables in the multivariate analyses 

emerged as a significant predictor. Conclusions: Although we must not be too eager to 

draw definite conclusions, our multi-disciplinary measurements have yielded new results 

with regard to prediction of depression in adolescents. These findings might provide 

valuable additional information for clinical practitioners in order to obtain better methods 

of prediction, diagnosis and treatment of depression. 
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Introduction 

 

In the previous chapter, we investigated the potential predictive value of some specific 

verbal and nonverbal behavioral cues with respect to possible future mental health 

problems among adolescents. Our analyses were based on the selection of two groups, 

either consisting of adolescents who ran a high risk of developing future mental health 

problems or adolescents with a low risk of developing these same problems. Risk level was 

determined on the basis of family history of depression, family situation and temperament 

scores. 

That study was helpful to obtain more insight into additional verbal and 

nonverbal measures that are possibly associated with a high-risk profile for future mental 

health problems. More specifically, the participating adolescents belonged to a risk group 

and were not depressed or suffering from other mental health problems at the time of the 

video recordings. Moreover, at the time of analysis, no data were available about who 

actually developed mental health problems in the future. In addition, the risk groups were 

based on criteria in terms of developing general mental health problems, not specifically 

related to depression. Since the verbal and nonverbal measures evaluated in the previous 

investigation were based on previous research on, very specifically, depression, it could 

have been possible that the measures did not apply to mental health problems in general. 

Since Major Depressive Disorder (MDD) is the most important mood disorder 

among all mental health problems (Kessler et al., 2003), more narrowed-down 

investigations, specifically focusing on this phenomenon, could greatly extend our 

understanding of risk factors and the involved mechanisms for this specific mental 

disorder. In the present study, the focus was on behavioral indicators collected two years 

previously for their possible predictive value. In other words, in this prospective study we 

were able to evaluate the predictive power of the verbal and nonverbal measures that we 

also examined in the previous chapter for specifically future depression.  

The characteristic symptoms of depression include a pervasive low mood, low 

self-esteem, a loss of interest or pleasure in daily activities, negative cognitions, deficits in 

cognitive functions and fatigue (Kessler et al., 2003). However, across time, even within 
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the same individuals, there can be a significant variation in symptom profiles over 

different depressive episodes (Oquendo et al., 2004). Moreover, in addition to these 

formal symptoms, depressed and non-depressed individuals differ in many other aspects. 

For example, previous research has revealed that they may also differ in some specific 

verbal and non-verbal behavioral characteristics (e.g. word use, voice pitch and gestures) 

(Mundt, Snyder, Cannizzaro, Chappie, & Geralts, 2007; Stirman & Pennebaker, 2001; Troisi 

& Moles, 1999). In this paper we study whether these same verbal and non-verbal cues in 

healthy adolescents are indicative of future depression. 

Research on depression has been conducted mainly among adults, whereas 

relatively little is known about it in the adolescent population. However, given the fact 

that this transitional period is marked by high rates of depression and first depressive 

episodes typically develop during adolescence, increased attention for this specific 

developmental period is warranted (Nolen-Hoeksema, 2001).  

The antecedents of depression can be highly variable, ranging from major life 

events, such as the death of a loved one, to chronic stress, and to failures to reach major 

goals (Kendler, Gardner, & Prescott, 2002). Additional predictors of depression in general 

include a family history of depression or substance use disorders, family composition 

(such as divorced parents) and violent or low cohesive environments during childhood 

(Reinherz, Paradis, Giaconia, Stashwick, & Fitzmaurice, 2003). For instance, Bouma and 

colleagues (2008) showed that adolescents having parents with a family history of 

depression develop significantly more depressive problems after stressful life events than 

those whose parents did not have such a history. Gender is also relevant. More precisely, 

girls appeared to be more vulnerable to such life events than boys, in line with earlier 

findings confirming that women generally run a higher risk of becoming depressed than 

men (Kessler et al., 2003). Therefore, one could argue that gender by itself can be 

considered a risk factor as well.  

The status of all these characteristics is not clear though. Are they risk factors, risk 

indicators, (subclinical) symptoms or the consequence of treatment or medication? In this 

paper we study whether some specific verbal and nonverbal cues in healthy adolescents 

are indicative of future mental health problems. Attention to these features is not only 
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important to obtain better insight into the different ways of how depression can manifest 

itself, but might also yield relevant information for more valid and reliable diagnostic 

methods and treatment evaluation.  

 

Verbal cues 

Previous studies have demonstrated that there is an association between depression and 

language use. More precisely, depressed patients were found to use more first person 

singular pronouns, used the word “I” more frequently, refer less to the collective (such as 

“we”, “us” and “ours”), and make more references related to death (Balsters, Krahmer, 

Swerts, & Vingerhoets, 2012; Bucci & Freedman, 1981; Rude, Gortner, & Pennebaker, 
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Whether this self-centeredness should be considered as a causal (predisposing) 

function, consequence or the result of treatment remains to be investigated. A related 

clinically relevant question is whether these characteristics can be used for diagnostic 

purposes or as a therapy outcome measure. Until now, we are not aware of any studies 

addressing these questions.  

 

Nonverbal cues 

Concerning gross motor activity, Gaebel and Wölwer (1992, 2004) showed that depressed 

patients displayed a reduced facial expressivity, less facial activity for communicative 

purposes and a lowered ability to express positive emotions. Moreover, during interview 

sessions, depressed patients showed increased self-touching, decreased eye-contact with 

the interviewer, less smiling and less eyebrow movements (Jones & Pansa, 1979). In terms 

of gazing behavior, depressed patients showed more nonspecific gaze patterns and 

looking-down behaviors, and their gaze behavior was found to improve along with 

successful treatment (Schelde & Hertz, 1994). In a similar vein, depressed mothers were 

found to have a reduced tendency to gaze towards their infants (Field, 1995). For a recent 

overview of nonverbal behavioral cues of depression, see Balsters et al. (2012). 

In general, depressed patients thus display a clear overall restriction of nonverbal 

expressiveness. More precisely, with regard to establishing and maintaining social 
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contacts, lower scores were obtained on three associated behavioral categories (“looking 

at”, “affiliation” and “gestures”) in comparison with healthy individuals (Troisi & Moles, 

1999). Depressive patients additionally demonstrated more flight, displacement, and 

relaxation behavior.  

Moreover, in comparison with healthy individuals, depressed patients behavior 

was especially characterized by shorter durations and lower frequencies of smiling 

behavior and of looking at the interviewer compared to non-depressed individuals. In 

addition, hand movements in this group were less body-focused. Interestingly, clinical 

improvement was first marked by an increase in frequency and duration of smiles  (Troisi 

& Moles, 1999).  

 

Speech characteristics 

Speech anaIysis has shown that (in comparison with healthy individuals), depressed 

patients display lower pitch variety, longer pause time, slower speech rate and a reduced 

emphasis (Cannizzaro, Harel, Reilly, Chappell, & Snyder, 2004; Kraepelin, 1921; Mundt et 

al., 2007; Newman & Mather, 1938; Nilsonne, 1987; Sobin & Alpert, 1999). In other words, 

depressed patients take more time to express themselves, speak with greater hesitancy 

and more monotonously and produce more pauses in and between sentences. These 

findings generally fit the notion that depression slows down cognitive processes.  

 

Present study 

In the current research, we selected and analyzed video recordings from the same 

database (coming from the TRAILS project) as in our previous investigation reported in 

chapter 3. Moreover, we used the same methods of measurement in order to analyze 

potential verbal and nonverbal cues with regard to depression and its prediction. However, 

in the current study, we analyzed verbal and nonverbal behavior of adolescents, who two 

years later had actually developed a depression. 
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Method 

 

Sample 

Video recordings of 40 adolescents (20 female, age 15-17 years) who were 

performing a social stress task were analyzed. As in the previous study, the sample was 

taken from the Tracking Adolescents’ Individual Lives Survey (TRAILS). Possible predictors 

were measured between September 2006 and December 2007 (=T3), whereas additional 

information about their mental state was collected two years later, in 2009 (=T4).  

The following criteria for inclusion were used: participants in the high-risk group 

were non-depressed at baseline in 2006/2007 and depressed at follow-up in 2009, 

whereas participants in the comparison group were non-depressed at baseline and still 

non-depressed two years later.  

 

Measures 

The Youth Self-Report (YSR) (van Lang, Ferdinand, Oldehinkel, Ormel, & Verhulst, 2005) 

was used to exclude participants, who were already depressed at T3. The YSR is a self-

report questionnaire which measures emotional and behavioral problems in the past 6 

months. All items in the YSR are scored on a 3-point scale (0 = not true, 1 = somewhat or 

sometimes true, and 2 = very or often true). The reliability and validity of the Dutch 

version have been demonstrated (Verhulst, 1997). In order to specifically select for non-

depressive adolescents at T3, we additionally used the Affective Problems Scale (APS). This 

scale consists of 13 items (Cronbach’s α at T3 = 0.78) covering a variety of symptoms, such 

as depressed mood, anhedonia, suicidal behavior, sleep problems, crying behavior, loss of 

energy, eating and sleeping problems, feelings of worthlessness and guilt. This scale is 

known to be closely related to the symptom criteria for DSM-IV Major Depressive Disorder 

(van Lang et al., 2005).  

At T4, scores of the Depressive Problems scale of the Adult Self Report (ASR) were 

used to establish whether the participants were depressed or not (T. M. Achenbach, 2003). 

The ASR is a self-administered questionnaire measuring several aspects of adaptive 

functioning and problems. The Depressive Problems scale consists of 14 items (α= 0.84) 
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and was constructed to have characteristics consistent with DSM-IV categories 

(Achenbach, Bernstein, & Dumenci, 2005). In previous research by Booij, Bouma, de Jonge, 

Ormel, & Oldehinkel (2012), scores above the 80
th

 percentile were being used as a cut-off 

point to select depressed individuals. In our study, we even used scores above the 85
th

 

percentile as a cut-off point to select for depression. In order to select non-depressed 

individuals, scores below the 25
th

 percentile were used as a cut-off point. In sum, based on 

these cut-off points, we selected 20 adolescents (10 female) who were non-depressed at 

both T3 and T4, and 20 adolescents (10 female) who were non-depressed at T3, but 

depressed at T4. 

 

Analyses 

We applied the same methods of analysis as those applied in chapter 3 for the analyses of 

verbal, nonverbal and acoustic variables. 

For linguistic analysis, all words uttered during the 6-minute speech time were 

transcribed using ELAN software and then subjected to the Dutch version of the Linguistic 

Inquiry and Word Count (LIWC) program for analysis of possible underlying linguistic 

dimensions (Rude et al., 2004; Zijlstra, Meerveld, Middendorp, Pennebaker, & Geenen, 

2004). 

Based on the first minute of the free speech task (with sound removed), the 

Ethological Coding System for Interviews (ECSI) (Troisi, 1999), was used again to score all 

40 video recordings on 25 selected behavioral patterns divided over the following four 

categories: (1) Affiliation (associated with ECSI behaviors 2-6: e.g., head tilt, smile, raising 

eyebrows), (2) Flight (behaviors 10-15: e.g., to look away/down, eyes shut, chin to chest), 

(3) Displacement Behavior (24-32: e.g., hand-face touching, yawning) and (4) Relaxation 

(33-37: e.g., settle, fold arms, laugh). An inter-observer reliability ( ) of at least 0.70 for 

each behavior pattern was ascertained by the evaluation of a sample of 10 different video 

recordings also rated by a second independent observer, and blind to condition.  

For acoustical analysis, the first minute of audio was again isolated and 

normalized at a maximum amplitude of -3 dB using Audacity software, resulting in 40 

audio clips in total. Every audio clip had a fixed starting point at the very first speech onset 
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moment. All audio files were visually inspected and manually corrected for artefacts such 

as clipping and environmental noises. Furthermore, it was ascertained that only the 

participant was speaking, without any interruption of the test leader.  

As in the previous chapter, the analyzed measures were fundamental frequency 

(F0), individual minimum and maximum pitch, and pitch variety. 

 

Statistical analysis 

Statistical analyses were performed using 2 (depressed at T4 versus non-depressed at T4) 

x 2 (male versus female) ANOVAs. In addition, logistic regression analyses were run to 

evaluate the predictive power of the individual variables. 

 
Results 

Linguistic analysis 

Table 1 summarizes the results of the lexical analysis. An ANOVA revealed that, in 

comparison with their non-depressed counterparts, adolescents who were depressed at 

T4 used more Dictionary words (F(1,39) = 9.23, p=.004), Affection words (F(1,39) = 7.44, 

p=.010), Positive Emotion words (F(1,39) = 4.29, p=.046),  and words referring to the 

present (F(1,39) = 8.74, p=.005).  

No difference with regard to first person singular words was found between the 

groups (p>0.05). Furthermore, we did not find a group effect for word rate (p>0.05). 

However, significant interaction effects were found for “I” (F(1,39) = 6.14, p=.018) and Self 

(F (1,39) = 5.16, p=.029). 
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TABLE 1: Means and standard deviations of linguistic measures (LIWC) for depressed versus non-depressed 

adolescents at T4.  

 

 

Depressed at T4  Not Depressed at T4 

     (n=20)   (n=20) 

______________  _____________ 

     Mean (SD)  Mean (SD) 

_________________________________________________________________________ 

 

Word Count    689.60 (250.10)  734.15 (213.82) 

Linguistic Dimensions 

“I”     8.94 (2.12)  8.35 (1.55) 

Self    9.06 (2.12)  8.46 (1.55) 

Positive Emotion words  2.12 (0.67)  1.62 (0.82)*

 Negative Emotion words  1.24 (0.91)  0.90 (0.52)

 Dictionary Words   70.40 (4.21)  67.49 (2.39)**  

Affection   3.44 (1.19)  2.54 (1.01)* 

Present    14.20 (1.95)  12.81 (1.16)** 

_________________________________________________________________________ 

Note:  Word Count scores are absolute values. The linguistic dimensions are illustrated as mean percentages of 

words (out of the total number of words in 6 minutes of free speech) per linguistic category. * p<.05, ** p<.01, 

on ANOVA analysis. 

 

In order to test group effects within gender categories, two separate ANOVA 

analyses were run for both male and female adolescents, as shown in Table 2. Male 

adolescents who became depressed at T4 used less words related to hearing (F(1,39) = 

10.08, p=.005), communication (F(1,39) = 5.98, p=.025) and senses(F(1,39) = 9.97, p=.005), 

compared to the male adolescents who were not depressed at follow-up.  

Female adolescents who were depressed at follow-up used more “I” (F(1,39) = 

6.75, p=.018), and self-related words (F(1,39) = 6.14, p=.023) than those who were not 
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depressed at follow-up. Moreover, depressed female adolescents used more Dictionary 

words (F(12,44) = 7.44, p=.002) and Pronouns (F(1,39) = 5.16, p=.036) than depressed 

male adolescents. Further analysis supported these main effects by showing interactions 

for the use of Dictionary Words (F(1,39) = 6.32, p=.017) and Pronouns (F(1,39) = 5.98, 

p=.020). There were no significant gender differences in the non-depressed Condition. 

Future depressed female adolescents also used more words related to 

Affection(F(1,39) = 5.72, p=.028), Positive emotion words (F(1,39) = 4.53, p=.047), Hearing 

(F(1,39) = 5.95, p=.025), Communication (F(1,39) = 9.37, p=.007), and the Present (F(1,39) 

= 14.48, p=.011) than their male counterparts.  

In terms of general gender differences (regardless of group condition), female 

adolescents overall use more “I” (F(1,39) = 4.27, p=.046), Self-related words (F(1,39) = 4.74, 

p=.036), Dictionary Words (F(1,39) = 6.35, p=.016), Affection words (F(1,39) = 6.14, p=.018) 

and negative emotion words (F(1,39) = 7.54, p=.009) than male adolescents.  

Finally, a logistic regression analysis was run on all LIWC-variables (p ≤.10). No 

significant effects remained. 
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TABLE 2: Means and standard deviations on linguistic depression measures (LIWC) for the two groups, separately 

for male and female adolescents. 

 

 

Depressed at T4 Not Depressed at T4 

     (n=10)  (n=10) 

______________  _____________ 

     Mean (SD)  Mean (SD) 

_________________________________________________________________________ 

Males 

Word Count    728.40(241.11) 704.10 (247.61) 

Linguistic Dimensions 

“I”     7.73 (1.39)  8.45 (1.99) 

Self    7.88 (1.42)  8.48 (1.99) 

Positive Emotion words  1.97 (0.65)  1.61 (1.00)  

Negative Emotion words  0.92 (0.70)  0.61 (0.41)  

Hear    0.29 (0.29)  0.78 (0.39)**  

Communication   0.48 (0.31)  0.91 (0.46)* 

Senses    0.63 (0.35)  1.24 (0.49)** 

Females 

Word Count    650.80(265.65) 764.15 (182.21) 

Linguistic Dimensions 

“I”     10.12 (2.08) 8.24 (1.04)* 

Self    10.25 (2.07) 8.43 (1.05)* 

Positive Emotion words  2.28 (0.69)  1.64 (0.66)*  

Negative Emotion words  1.55 (1.02)  1.18 (0.46)  

Dictionary Words   72.81 (3.69 67.49 (3.01)**  

Affection    3.97 (1.27)  2.82 (0.84)* 

Hear    0.66 (0.41)  0.29 (0.24)* 

Pronoun     12.10 (2.08) 10.37 (1.23)* 

Communication   0.70 (0.34)  0.32 (0.19)** 

Present    15.14 (1.83) 12.64 (0.99)* 

_________________________________________________________________________ 

Note:  Word Count scores are absolute values. The linguistic dimensions are illustrated as mean percentages of 

words (out of the total number of words in 6 minutes of free speech) per linguistic category. * p<.05, ** p<.01, 

on ANOVA analysis. 
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Nonverbal analysis 

Table 3 summarizes the results of the nonverbal behavior coding. Main condition effects 

were found for three out of four behavioral categories. Adolescents who were depressed 

at T4 displayed less Affiliation (F(1,36) = 8.10, p=.007), less Relaxation (F(1,36) = 9.59, 

p=.004) and more Displacement behavior (F(1,36) = 7.98, p=.008) than those who were 

not depressed at T4. Furthermore, an interaction (condition x gender) for Affiliation 

(F(1,39) = 8.10, p=.007) revealed that this main effect is solely explained by female 

adolescents. No significant effects were found for Flight behavior (p>.05). Moreover, no 

gender specific-effects were found for any of the four behavioral categories (p>.05).  

A multivariate logistical regression analysis, run on all significant measures 

(p≤.10), failed to yield any significant predictors. 
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TABLE 3: Means and standard deviations on nonverbal behavioral depression measures (ECSI) for depressed 

versus non-depressed individuals at T4. 

 

 

     Depressed at T4  Not Depressed at T4 

     (n=20)   (n=20) 

______________  _____________ 

     Mean (SD)  Mean (SD) 

_________________________________________________________________________ 

 

Affiliation 

 Overall    1.65 (0.99)**  2.50 (1.05)** 

Male    2.00 (1.16)  2.00 (1.16) 

Female    1.30 (0.68)  3.00 (0.67) 

Flight       

 Overall    1.80 (0.62)  1.80 (0.52) 

Male    1.90 (0.57)  2.00 (0.47) 

Female    1.70 (0.68)  1.60 (0.52) 

     

Displacement 

 Overall    3.30 (1.56)**  2.10 (1.02)** 

Male    3.40 (1.43)  1.90 (0.88) 

Female    3.20 (1.75)  2.30 (1.16) 

Relaxation  

Overall    0.80 (0.77)**  1.65 (0.99)** 

Male    0.90 (0.99)  1.30 (1.06) 

 Female    0.70 (0.48)  2.00 (0.82) 

_______________________________________________________________________ 

Note: All values are mean values per behavioral category. * p<.05, ** p<.01, *** p<.001 on ANOVA analysis. 
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Acoustical analysis 

Except for the expected difference in fundamental frequency between males and females 

(F(1,36) = 109.72, p<.001), no main significant condition effects emerged for any of the 

acoustical variables that we applied, i.e., mean, minimum, maximum pitch and pitch range. 

Moreover, no significant interactions were found. 

 

Discussion 

 

The aim of this study was to investigate in a prospective design the potential predictive 

value of several specific verbal and nonverbal behavioral cues with respect to future 

depression among healthy adolescents. Our linguistic, nonverbal and acoustic analyses 

revealed some new results, but also failed to confirm some previously reported findings.  

Female adolescents who became depressed two years after the original video 

recordings used more “I” and further self-references than those who were not depressed. 

Because these findings did not apply to males, this gender-specific effect only partly 

confirmed our hypothesis, based on studies with depressed individuals that identified the 

use of “I” and other self-references as predictors of depression. Taking into account that 

gender could be seen as a distinctive factor in terms of developing depression (compared 

to men, women generally run a higher risk of becoming depressed) (Kessler et al., 2003), 

this female-specific effect supports the view that the use of “I” and further self-references 

could be of importance in terms of predicting depression in specifically female adolescents.  

Earlier research showed a positive association between insecure attachment and 

depression (Irons & Gilbert, 2005). The relation between depression and words related to 

affection and positive emotion found in the current study might suggest a possible 

relation with these attachment-related problems. Our previous TRAILS study with risk-

groups, as described in chapter three, revealed similar results regarding this relationship. 

Depressed adolescents or adolescents at risk of developing mental health problems seem 

to talk relatively more about attachment-related issues because exactly these matters 

(such as affection, family relationships, relations to home) are (partly) missing in their daily 

lives. 
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 Analysis of nonverbal cues further showed that depressed adolescents at T4 

displayed less affiliation and relaxation behavior, and more cues associated with 

displacement. These results are in line with previous findings of Troisi and Moles (1999), 

which demonstrated that depressed individuals displayed an overall global restriction of 

expressiveness, reflecting a tendency towards social withdrawal behavior. Although we 

failed to find a similar effect of flight behavior in our study, our findings revealed similar 

behavioral patterns for future depressed adolescents. Given the prospective nature of the 

present study, our results thus suggest that global restriction of expression in terms of 

nonverbal behavior might have predictive value, in addition to being a symptom of 

depression. 

 Contrary to expectations, we did not find any significant differences in the 

acoustic measures (except for the expected fundamental frequency between males and 

females), such as mean, minimum, maximum values and variety in pitch. By contrast, we 

did find several differences on pitch measures, when comparing risk groups in the 

previous chapter. For instance, adolescents who were identified as running a high risk for 

developing future mental health problems talked more monotonously than those with a 

low risk of developing these problems. Are different mechanisms at work in each group? 

Or does this indicate that these differences are symptoms that first become manifest 

when the depression has developed? Future research has to provide a possible 

explanation for the different findings found in both studies.  

When further comparing results of the studies in the current and previous 

chapter, some other different findings stand out. In the previous study we found 

significant differences in word rate and nonverbal flight behavior. High risk adolescents 

spoke less than their low risk counterparts, and high risk girls spoke less and displayed 

more flight behavior than low risk girls, whereas boys displayed the exact opposite pattern. 

These effects were not replicated in the current investigation. A possible explanation 

could be found in the background of both studies. In the previous study, the two groups 

were selected based on risk, without asking about any future development of mental 

health problems whatsoever. In other words, it can well be possible that none of the high 

risk adolescents who participated at T3, will ever develop depression or any other mental 
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health problems. In the current study, groups were selected based on actual depression 

diagnosis. Therefore, the discrepancy in some results from both studies could possibly be 

attributed to the different states of the variables under study. More precisely, variables 

which actually are subclinical symptoms of depression, by definition first occur after the 

onset of the disease. 

 

A limitation of the present study is that we need to be reluctant to generalize our 

findings to life time depression. We only know that the non-depressed group indeed was 

not depressed two years after the collection of the currently evaluated measures. It 

cannot be excluded that they will, at some moment later in their life become depressed, 

e.g. after having been confronted with serious life stressors. In other words, this study is 

rather specifically focused on the predictors of a depression that develops rather soon. 

This two-year interval seems rather arbitrary in terms of comparison and prediction. 

Future replication studies using more long term predictors, and thus giving broader insight 

into prediction of depression could yield more information about this matter over a longer 

time span. 

In the previous chapter, we discussed the nature of the relationships between the 

identified behavioral cues as possible predictors and mental health problems. Were they 

cause or consequence? Were they stable trait-like risk factors or subclinical symptoms 

covarying with fluctuations in the clinical condition? Or were the observed differences in 

behavior in the current study due to the effects of medical treatment (Balsters et al., 

2012)? Since our current research is not merely about risk factors in terms of general 

mental health problems anymore, but based on actual depression, we can make stronger 

claims in terms of actual prediction. Moreover, since none of the adolescents was 

depressed at the time of the video recordings, the influence of medication (such as 

antidepressants) could be ruled out.  

Nevertheless, these multi-disciplinary measurements have again yielded new 

results with regard to prediction of depression in adolescents. On the other hand, the fact 

that none of the variables in the multivariate analyses emerged as a significant predictor 

stresses that we must be not too eager to draw definite conclusions. The current 
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prospective study provided useful information about verbal and nonverbal behavioral 

cues as possible predictors of depression rather than being associated with risk factors of 

mental health problems in general. These findings might provide valuable additional 

information for clinical practicioners in order to obtain better methods of prediction, 

diagnosis and treatment of depression.  
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Audiovisual Modulation of Attention Towards Fearful Stimuli 

 

Abstract 

Introduction: Threat related signals (such as anger and fear) seem to have a high priority 

with regard to attentional mechanisms. Earlier research has shown that, in a dot-probe 

experiment, simultaneously presented vocal word-like utterances (emotional vs. neutral 

prosody) showed faster responses to probes replacing the location of emotional prosody, 

indicating a cross-modal modulation of attention. Method: In order to create a more 

ecologically valid situation, we designed three dot-probe experiments in which the visual 

target probe was preceded by: a) fearful and neutral non-word vocalizations (sudden hold 

of breath vs. humming backchanneling (“hmm”)), b) fearful and neutral face pairs, and c) 

fearful and neutral face pairs that were simultaneously accompanied by (in)congruent 

fearful and neutral paired vocalizations. Results: We found spatial attentional bias towards 

ecologically valid fearful vocalizations followed by a visual probe. Moreover, we found a 

classic visual dot-probe effect for fearful faces. No effects were found for audiovisual face-

voice pairs. Discussion: This is the first study demonstrating a clear crossmodal modulation 

effect of visual attention towards fearful faces and sounds. In contrast, we did not find any 

attentional bias effects after multimodal stimulus presentation preceding the target probe, 

most likely due to specific methodological reasons and differences in attentional 

processes across modalities. Further investigation is required to shed more light on this. 
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Balsters, M.J.H., Krahmer, E.J., Swerts, M.G.J., Vingerhoets, A.J.J.M. (2011). Audiovisual 

Modulation of Attention Towards Fearful Stimuli. Proceedings of the 12
th

 International 
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Introduction 

 

In the famous shower scene of Alfred Hitchcock’s classic movie ‘Psycho’, the silhouet of a 

hand holding a knife behind a shower screen is accompanied by the sound of dissonant 

string chords. This specific combination of visual and auditory stimulation clearly enhances 

the suspense for the viewer. 

In daily life, we are constantly exposed to multimodal signals from our 

environment. When perceiving stimuli, we process and integrate visual, auditory, tactile 

and other information. Due to its limited information processing capacity, our brain is not 

capable of processing all these sensations at the same time. Thus, it has to focus on input 

signals which have natural priority over others, such as threatening information 

(Vuilleumier, 2002). Quick processing of fearful stimuli is crucial for survival in threatening 

situations. This explains why people are able to locate fearful (animal) pictures such as 

snakes and spiders faster than neutral ones representing mushrooms and flowers (Öhman, 

2001; Lipp, 2006).  

Apparently, threat related expression (such as fearful expressions) seem to have 

high priority of attentional mechanisms. Capturing attention for these specific emotional 

stimuli has been shown in several experimental paradigms varying from visual search tasks 

(Brosch & Sharma, 2005; Lundqvist & Ohman, 2005), attentional cueing (Fox, Russio, & 

Dutton, 2002), and saccadic eye movements (Bannerman, Milders, de Gelder, & Sahraie, 

2009) to the visual dot-probe task (MacLeod, Mathews & Tata, 1986). 

Research has additionally demonstrated that visual fearful stimuli evoke 

activation of the primary visual cortex as early as 90 ms after presentation, suggesting the 

presence of neural mechanisms for rapid exogenous spatial orientation towards fearful 

stimuli (Pourtois, Grandjean, Sander & Vuilleumier, 2004). No effects were found for other 

stimulus categories such as happy or inverted fearful pictures, stressing the importance of 

threat associations, especially when they are presented in a realistic manner, for fast 

attentional processing. Moreover, the amygdala (Adolphs, 2002) and fusiform cortex 

(Grossman & Blake, 2002; Hadjikhani & De Gelder, 2003) demonstrate similar fear-specific 

patterns of neural activity. Although achieving awareness, these early processes of 
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activation also imply mechanisms independent of voluntary attention and indicate an 

early stage of information processing (Kayser, Logothetis & Panzeri, 2010). 

A well-known method to examine attentional bias with regard to emotion 

perception is the so-called dot-probe task, introduced by Macleod and colleagues (1986). 

In this paradigm, two stimuli are being presented simultaneously at two different spatial 

locations on a computer screen. One of the stimuli is emotional, the other neutral; stimuli 

can be pictures, words or sounds. Participants have to respond to the location of a target 

(a dot-probe), appearing on one of the two stimulus locations immediately after the 

stimuli have disappeared from the screen. Allocation of attention is being measured by 

the time one needs to respond to the probe. Results from various experiments show 

faster reaction times when the probe replaces a fearful stimulus, compared to a neutral 

one (MacLeod et al, 1986).  

Until recently, most research with regard to the effects of emotion on spatial 

attention was conducted within one modality. However, given the earlier mentioned 

multimodal reality of everyday life, one would expect there to be integrative processes 

which combine different sensory input channels in everyday life, mostly originating from a 

common source. For example, previous research concerning audiovisual integration of 

emotional perception has shown that ratings of facial emotional expression are biased 

towards the direction of the accompanying spoken vocalization (Massaro & Egan, 1996; 

De Gelder & Vroomen, 2000). This cross-modal bias seems to occur at a conscious 

perceptual level (Vroomen, Driver & De Gelder, 2001; Pourtois, Debatisse, Despland & De 

Gelder, 2002), but has also been reported independently of attention and awareness 

(Vroomen, Driver, & De Gelder, 2001). In a recent experiment, Brosch, Grandjean, Sander, 

and Scherer (2008) were the first to study emotional attention processing cross-modally 

using the dot-probe paradigm. Simultaneously presented vocal utterances (one with 

emotional angry prosody, one neutral, both presented via a headphone on different 

spatial locations to the left and right) served as cues for visual targets presented 

immediately afterwards. Results showed faster responses to probes replacing the location 

of threatening emotional prosody, indicating a cross-modal modulation of attention. 

These results clearly indicate a facilitation of auditory information on visual attention. 
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These results by Brosch et al. (2008) are interesting, yet there are some critical 

points worth mentioning. Although the reported crossmodal effect demonstrates a clear 

transfer between auditory and visual information, there was no real simultaneous 

presentation of audiovisual stimuli in the experiment; prosody and visual targets were 

never presented simultaneously. Since we are usually exposed to multimodal perceptions 

in real-life, this might not have been the best simulation of realistic emotion perception. 

Moreover, the auditory stimuli used in the experiment were meaningless word-like 

utterances, pronounced with angry or neutral prosody. These utterances then also failed 

to represent real-life situations adequately. 

Therefore, in order to create a more ecologically valid natural situation, we 

designed three dot-probe experiments. We investigated fearful stimuli instead of angry 

stimuli as threatening emotional information. In the first auditory experiment, 

simultaneously presented fearful and neutral non-word vocalizations (a sudden hold of 

breath vs. humming backchanneling (“hmm”)) preceded a visual probe. Subsequently, a 

unimodal “visual only” experiment was run, serving as a control condition. We used 

fearful and neutral faces, which (to our knowledge) have never been used before as 

stimulus material in a dot-probe experiment. Finally, an audiovisual experiment was 

conducted in which fearful and neutral face pairs were simultaneously accompanied by 

the same (in)congruent fearful and neutral paired vocalizations as in the auditory 

experiment. To our knowledge, no experiments have been conducted so far in which 

stimuli preceding the target probe were multimodal, and thus simulate a more realistic 

situation.  

We expected to find facilitating effects in congruent situations; a probe replacing 

a fearful face combined with a fearful voice might result in even faster responses because 

it approaches a more natural setting. On the other hand, inhibiting effects (slower 

responses) on fearful visual stimuli were expected in case of incongruent (neutral) 

vocalizations. In addition, we anticipated to find similar effects in the auditory experiment 

as well. Responses to fearful voices replaced by target probes at the same spatial location 

should be faster, compared to neutral ones. 
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Method 

 

Experiment 1: Auditory Experiment 

 

Participants 

In the auditory experiment, 23 undergraduate students (16 women, ages 17-34 years) 

from Tilburg University participated in the experiment for course credits. The great 

majority (n=21) reported to be right-handed, two left-handed. Moreover, they all had 

normal hearing and normal (or corrected to normal) vision, as indicated in a self-report 

before the experiment. All participants received course credits for their cooperation. 

 

Materials 

Materials used in the auditory experiment included audio clips containing non-words 

expressing fearful and neutral vocalizations. For fearful stimuli, thirteen actors (7 male) 

were instructed to perform a frightened call (suddenly holding their breath) as if they 

were suddenly scared by something. For neutral stimuli, they were asked to produce a 

humming non-lexical backchanneling sound (“hmm”), as a listener would do in a 

conversation to verbalize his attention to the speaker. We deliberately chose these 

vocalizations, because they have no direct meaning and have a short duration, making it 

possible to incorporate them in a dot-probe experiment with short stimulus presentation 

times (<500 ms). All clips were recorded using Audacity software (mono, 16 bit, at a 

sampling frequency of 44.1 kHz). In a pilot study, eight participants were instructed to rate 

these 26 clips (13 actors, 2 different vocalizations) individually. They were asked to judge 

the tone of each clip (“Was the voice fearful, neutral or neither?”). Each fragment was 

presented three times. Based on the highest correct response percentages, twenty clips 

(10 fearful, 10 neutral; representing 10 different identities, 5 male, 5 female) were 

selected (fearful stimuli: M= 98% correct, neutral stimuli: M= 83% correct) for the actual 

experiment. From these mono clips, twenty stereo clips were made (one vocalization 

panned to the left, one to the right), each containing a neutral and fearful vocalization. All 

clips were counterbalanced for sound location (10 clips fearful left, neutral right versus 10 
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clips neutral left, fearful right). It was ascertained that in each audio clip, two different 

actors of the same gender performed either the neutral or fearful vocalization.  

 

Design and Procedure 

Stimuli were presented on a PC (placed in a closed quiet room) using E-prime software on 

a 19 inch CRT monitor with a 75 Hz refresh rate, using a SVGA graphics card. A custom 

serial response box (Psychology Software Tools, Inc.) was used to record responses. For 

auditory playback, a set of two pc speakers (placed 12 cm to the left and right of the 

computer screen) was used. Participants were sitting on a chair at a distance of 

approximately 40 cm from the monitor, measured from the forehead to the top of the 

screen. An adjustable chair was used to ensure a viewing angle of approximately 90 

degrees for each individual.  

Each trial had the same experimental sequence, as displayed in figure 1. First, a 

white fixation cross was presented in the middle of the screen against a black background 

for 3000 milliseconds. Immediately afterwards, a vocalization pair was presented for 500 

msec. After this, a white dot appeared either on the left or the right for 15 msec. Then, 

participants had to indicate the location of the dot-probe by pressing the left or right 

response button matching the screen location. There was a 3 second time window to 

respond. In case of no response, the next trial was automatically presented. The acoustic 

vocalization was presented over the speakers at a loudness of 65 dB. We ascertained that 

each auditory stimulus pair contained two different identities of the same gender. All 20 

sound clips were counterbalanced for acoustic and probe location (left or right), repeated 

twice, resulting in 160 trials in total. To avoid response strategies, an oddball task (a red 

number 9 appearing on one of the two picture locations) was included in 10 percent of all 

trials. Participants were instructed not to press any button when the oddball appeared. To 

get familiarized with the task, a practice session (8 trials, containing all conditions) 

preceded the actual experiment. Data from this practice session were excluded from the 

analysis. 
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Figure 1: Schematic representation of the auditory trial procedure. After a 3000 ms fixation period, there were 

two auditory vocalizations accompanied by a blank screen for 500 ms, followed by a 15 ms dot-probe appearing 

on one of the two picture locations. The fixation cross and dot were smaller in the actual experiment but have 

been enlarged here for presentation purposes. 

 

Response collection 

Before the experiment, participants were instructed to respond as accurately and fast as 

possible. Data were collected using E-prime software registering the response button 

presses. Response accuracies and reaction times were registered for all trials. For the 

actual analysis, only trials to which participants responded correctly were included. All 

oddball trials were excluded from analysis. 

 

Experiment 2: Visual Experiment 

 

Participants 

Thirty-eight students took part in the visual experiment (25 women; ages 18-29 years). 

Two of them reported to be left-handed, and had normal hearing and vision (or corrected 

vision), as indicated in a self-report before the experiment. All participants received course 

credits for their cooperation. 
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Materials 

Visual stimuli consisted of emotional face pictures, taken from the Ekman database 

(Ekman & Friesen, 1976). Twelve individuals showing fearful and neutral expressions 

(frontal view) were being selected from the database. In total, 10 fearful pictures (5 male, 

5 female) and 12 neutral (6 male, 6 female) were used. 

 

 

Figure 2: Fearful (left) and neutral (right) faces from the Ekman database as used in the experiment.  

 

Design, Procedure and Response Collection 

The design, procedure and response collection were the same as in the auditory 

experiment. All facial pictures were presented in greyscale and against a black background, 

presented horizontally (central position), one appearing at the left, one at the right of the 

screen.  

The trial procedure was the same as in the auditory experiment (as shown in 

figure 3), with the only difference of vocalizations being replaced by twenty visual stimuli, 

ten congruent (neutral-neutral) and ten incongruent visual pairs (fear-neutral), presented 

10 cm to the left and to right of the fixation cross. Again, we ascertained that each 

stimulus pair contained two different identities of the same gender. To avoid expectancy 

effects, the location appearance of the dot-probe after the visual face pairs was 

counterbalanced, leading to a total of 40 different stimulus combinations. Finally, all 

stimuli were repeated three times and were presented randomly to each participant, 

leading to 120 trials. Again, an 8-trial practice session preceded the actual experiment.  
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Figure 3: Schematic representation of the visual trial procedure. After a 3000 ms fixation period, there was a 500 

ms presentation of two facial pictures, followed by a 15 ms dot-probe appearing on one of the two picture 

locations. The fixation cross and dot were smaller in the actual experiment but have been enlarged here for 

presentation purposes. 

 

Experiment 3: Audiovisual Experiment 

 

Participants 

Seventeen undergraduate students with normal hearing and vision (or corrected vision) 

participated in the audiovisual experiment (15 women, ages 18-26), one left-handed. 

Again, all participants received course credits for their cooperation.  

 

Materials 

All vocalizations and face pictures consisted of the same material used before in the 

auditory and visual experiments. Audiovisual pairs were made by combining pictures with 

vocalizations. For the sake of ecological validity, we used auditory utterances matching the 

aforementioned pictures; a fearful sound is produced with an open mouth, a humming 

sound with closed mouth. In this experiment, visual and auditory stimuli were combined 

randomly, but congruent with respect to gender. 
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Design and Procedure 

Design, trial procedure, and response collection were the same as in the auditory and 

visual experiment (see figure 4). After the fixation cross, both the face pictures and 

vocalizations were presented this time. The same set of 40 facial picture pairs from the 

visual experiment was used. Each of these individual face pairs was either combined with 

a congruent (matching visual and auditory emotional expressions at the same spatial 

location) or incongruent (non-matching visual and auditory emotional expressions at the 

same spatial location) vocalization pair, resulting in 80 different stimuli. All stimuli were 

repeated once, leading to 160 trials in total. 

 

Figure 4: Schematic representation of the Audiovisual experimental trial procedure. After a 3000 ms fixation 

period, there was a simultaneous 500 ms presentation of two facial pictures paired with two auditory 

vocalizations, followed by a 15 ms dot-probe appearing on one of the two picture locations. The fixation cross 

and dot were smaller in the actual experiment but have been enlarged here for presentation purposes. 

 

Results 

 

Experiment 1: Auditory experiment 

 

The overall accuracy score was very high, 99.7%. A repeated measures ANOVA on the 

accuracy scores with Emotion (levels: neutral, fear) as within participants factor revealed 



Expression and perception of emotions 

100 
 

that there was no significant difference between probes replacing either fearful (M = 99.9% 

correct) or neutral vocalizations (M = 99.5% correct), F(1,22) = 2.07, p>.05.  

The correct reaction times (as shown in figure 5) were analyzed using the same 

repeated measures ANOVA design, i.e. Emotion (2 levels: neutral, fear). A main effect was 

found for Emotion; participants responded faster to probes replacing fearful vocalizations 

than to those replacing neutral vocalizations, F(1,22) = 6.94, p=.015.  

 

 

Figure 5: Mean reaction times for visual target probes replacing fearful and neutral vocalizations (n=23). 

 

Experiment 2: Visual experiment 

 

In line with procedures from earlier dot-probe studies, only stimulus pairs of fearful and 

neutral faces were included in the analyses (Lipp et al, 2005). As in the auditory 

experiment, the overall accuracy score was high, (M =88.7%). A repeated measures 

ANOVA on the accuracy scores with Emotion (levels: neutral, fear) as within participants 

factor again showed that there was no significant difference in accuracy between visual 

probes replacing either fearful (M = 88.3%) or neutral faces (M = 89.2%), F(1,37) = 0.95, 

p>.05.  
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Figure 6 shows the mean correct reaction times for the two probe locations. A 

repeated measures ANOVA with Emotion (2 levels: neutral, fear) as within participants 

factor yielded a main effect, F(1,37) = 10.82, p<.01. In other words, participants responded 

significantly faster to probes replacing fearful expressions than to those replacing neutral 

expressions.  

 

 

Figure 6: Mean reaction times for visual target probes replacing fearful and neutral faces (n=38). 

 

Experiment 3: Audiovisual experiment 

 

Again, congruent face pairs were left out of the actual analysis, since conflicting 

incongruent conditions were only of interest to our multimodal experimental situation. 

Mean reaction times in the audiovisual experiment are displayed in figure 7. 

These mean correct RT’s were analyzed using a repeated measures ANOVA with Facial 

Expression (levels: neutral, fear) and Sound (levels: neutral, fear) as within participant 

factors. No main effects were found for either Face (F(1,16) = .298, p>.05) or Sound 

(F(1,16) = .338, p>.05); contrary to our hypothesis, participants did not respond 

significantly faster to visual probes replacing fearful faces or fearful vocalizations 
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compared to visual probes replacing neutral faces or neutral vocalizations. Furthermore, 

separate t-tests showed no significant effects for congruent stimulus pairs replaced by a 

visual probe (i.e., fearful face combined with a fearful vocalization, or neutral face 

combined with a neutral vocalization), all p>.05. Finally, no interaction effects were 

reported, p>.05. 

 

 

Figure 7: Mean Reaction Time (in ms) per expression condition (n=26). 

 

Overall reaction times 

 

Overall RT’s between the three experiments were analyzed (see figure 8), using a repeated 

measures ANOVA with Modality (levels: auditory, visual, audiovisual) as within 

participants factors. A main effect of Modality was found, F(2,32) = 15.561, p<.01, 

implying that there was a significant difference in mean reaction time between the three 

experiments. Pairwise comparisons showed that this main effect was due to significant 

differences between the auditory and visual experiment, and between the auditory and 

audiovisual experiment, both p<.01.   
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Figure 8: Mean reaction times (in msec) for the Auditory (n=23), Visual (n=38) and Audiovisual (n=17) 

experiments. 

 

Discussion 

 

The aim of this study was to investigate crossmodal modulation of attention in fearful and 

neutral face-voice pairs. We expected to find faster responses to visual probes replacing 

fearful vocalizations and facial expressions. Moreover, we expected enhancing effects in 

case of congruent simultaneously presented fearful face-voice pairs, and inhibiting effects 

in case of incongruent face-voice pairs. This is the first empirical evidence demonstrating 

spatial attentional bias towards ecologically valid vocalizations followed by a visual probe. 

Moreover, in line with earlier findings (Bradley, Mogg, Falla, & Hamilton, 1998), we found 

an attention bias effect towards fearful faces in the visual experiment. However, no 

facilitating or inhibiting effects were found in the audiovisual experiment, suggesting no 

clear influence from congruent or incongruent vocalizations on emotional picture pairs.  

In line with our expectations, we found a crossmodal modulating effect of 

threatful information on attention in the auditory experiment; fearful vocalizations 

resulted in faster probe detection responses than neutral ones. These results are 
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consistent with earlier findings by Brosch et al. (2008) and Brosch, Grandjean, Sander & 

Scherer (2009), showing similar crossmodal modulation towards emotional stimuli. In their 

2009 ERP study, they demonstrated that (at the neural level) early stages of emotion 

processing are activated; neural sources at the striate cortex were more active when 

visual targets were preceded by emotional prosody compared to neutral prosody.  

In the present experiment, however, we used fearful vocalizations as emotional 

stimuli instead of the aforementioned angry prosody used in the experiments of Brosch 

and colleagues (2008, 2009). Our current results demonstrate that (in addition to angry 

stimuli) crossmodal modulation of attention occurs with fearful stimuli as well, implying a 

broader effect of emotion on attentional processes. Whether this effect applies to 

emotional information generally, or just for negatively valenced threat-related emotions, 

such as fear and anger, remains open for further investigation. Moreover, we used non-

word vocalizations that are known to appear in real-life situations, thus giving them more 

ecological validity than the word-like but meaningless utterances used by Brosch and 

colleagues. 

An alternative explanation for the crossmodal effect, could be that the 

accelerated response to fearful vocalizations was based on alertness rather than on 

emotional content with regard to the auditory stimuli presented. The vocalizations 

preceding the visual probe were coming from different sound locations. Earlier research 

has shown that auditory attentional processes are influenced by alertness, whereas visual 

information processing is associated more with spatial attentional features (De Gelder & 

Vroomen, 2000). This fundamental difference in processing could account for the 

attentional bias we found towards fearful vocalizations. This view is supported by the 

observation that reaction times in the auditory condition were significantly faster than in 

the visual and audiovisual condition.  

Another explanation for these faster reaction times in the auditory experiment 

could be the absence of any visual information on the computer screen preceding the 

visual probe. By contrast, in the visual and audiovisual experiment, a visual stimulus 

always preceded the dot-probe. This induced a masking effect, making it more difficult to 
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detect the dot-probe afterwards. In the auditory experiment, no visual stimuli were 

presented at first, thus making it easier to detect and respond to the dot location. 

As expected, we further found an effect in the visual experiment; participants 

responded significantly faster to visual probes replacing fearful faces compared to probes 

replacing neutral faces. This ‘classic’ visual dot-probe effect towards fearful stimuli has 

been shown numerous times in previous experiments (a.o. Dolan et al., 2001; Öhman et 

al., 2001; Lipp et al., 2005; & Mogg et al., 2006). However, in none of these experiments, 

facial pictures were used as stimuli. This is the first study to demonstrate a specific 

attentional bias towards fearful faces. 

Contrary to our expectations, we did not find any significant effects in the 

audiovisual experiment. Several methodological issues could possibly explain this. In this 

experiment, we solely used face pairs as visual stimuli, always in combination with 

vocalizations. Given the fact that people naturally associate faces with voices (Vroomen et 

al., 2001), a generalizing effect could have occurred. Participants could have interpreted 

the voice being presented as belonging to both faces and display no preference for 

emotional congruence (for instance, linking a fearful voice to a fearful face). Another 

explanation could be related to inhibitory influences of audio on visual perception; a 

neutral voice could make a fearful face more neutral, thus possibly neutralizing potential 

facilitating effects. Finally, the absence of any effect in the audiovisual experiment might 

be attributed to the complexity of the stimuli; the simultaneous presentation of two faces 

and two vocalizations might simply have been an information overload for the participants.  

In conclusion, this is the first study demonstrating a clear crossmodal modulation 

effect of visual attention towards fearful faces and sounds. In contrast, we did not find any 

attentional bias effects after multimodal stimulus presentation preceding the target probe, 

most likely due to specific methodological reasons and differences in attentional 

processes across modalities. Further investigation is required to shed more light on this.  
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Emotional Tears Facilitate the Recognition of Sadness and the Perceived Need for Social 

Support 

 

Abstract:  

The tearing effect describes the relevance of tears as an important visual cue adding 

meaning to human facial expression. However, little is known about how people process 

these visual cues and their mediating role in terms of emotion perception and person 

judgment. We therefore conducted two experiments in which we measured the influence 

of tears at an early perceptional level on the identification of sadness and the perceived 

need for social support. 

In two experiments (1 and 2), sad and neutral faces were used. In both 

experiments, the face stimuli were presented for 50 milliseconds. In experiment 1, tears 

were digitally added to sad faces in one condition. Participants demonstrated a significant 

faster recognition of sad faces with tears compared to those without tears. 

In experiment 2, tears were added to neutral faces as well. Participants had to 

indicate to what extent the displayed individuals were in need of social support. Study 

participants reported a greater need for social support to both sad and neutral faces with 

tears than to those without tears. 

This study thus demonstrated that emotional tears serve as important visual cues 

at an early (pre-attentive) level. 

 

 

 

This chapter is based on: 

Balsters, M. J., Krahmer, E. J., Swerts, M. G., & Vingerhoets, A. J. (2013). Emotional tears 

facilitate the recognition of sadness and the perceived need for social support. 

Evolutionary psychology: an international journal of evolutionary approaches to 

psychology and behavior, 11(1), 148. 
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Introduction 

Emotional tears are typical of and unique for humans. Only humans shed tears when they 

are sad, happy, or otherwise emotionally moved. Remarkably, little is known about the 

function of emotional tears. In all major textbooks on emotion (Andersen & Guerrero, 

1998; Gross, 2009; Lewis, Haviland-Jones, & Barrett, 2009) one will search in vain for 

terms like tears, weeping, or crying. This is all the more surprising because in his seminal 

work The Emotional Expression of Man and Animals, Darwin (1965), spent considerable 

attention to weeping, including its antecedents and the involved facial muscles. Darwin’s 

remarkable conclusion was that emotional tearing served no purpose whatsoever: “We 

must look at weeping as an incidental result, as purposeless as the secretion of tears from 

a blow outside the eye, or as a sneeze from the retina being affected by a bright light,..”. 

Tears thus were considered an exception to the generally accepted “Darwinistic” rule that 

all our behaviors have been functional during evolution.  

In the present contribution, we challenge this view and investigate the possible 

social functions of crying in relation to sadness. Høgh-Olesen (2010), has described 

humans as ultrasocial animals; not only do they take care of infants, they look after the 

sick, disabled and elderly as well. In addition, there is much collaboration between non-kin. 

It has been speculated that tears, being an honest and reliable signal of one’s feeling and 

behavioral intentions, might have been instrumental in this development (Walter, 2006). 

This also raises the question whether emotional tears somehow serve as social bonding 

devices and, whether, in this capacity, they may have contributed to our social 

development?  

Recently, various (mostly untested) proposals have been put forward as to why 

humans cry (Vingerhoets, in press). These ideas generally fall in two categories 

(Vingerhoets, in press; Vingerhoets, Bylsma, & Rottenberg, 2009). First, some researchers 

argue that tears mainly serve an intra-individual function: people cry because it facilitates 

recovery and return to a psychological and physiological homeostasis when distressed or 

suffering. This function relates back to the classic view that shedding tears is beneficial 

because it would result in catharsis and emotional recovery, whereas inhibiting one’s tears 
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would have negative health consequences, promoting the development of all kinds of 

psychosomatic disorders (Vingerhoets & Cornelius, 2001). More recently, it has been 

claimed that the significance of emotional tears rather has to be found in its inter-personal 

effects. More precisely, according to this perspective, shedding emotional tears stimulates 

caregiving and protective responses from significant others, facilitates social bonding, and 

reduces interpersonal aggression (Hasson, 2009). Walter (2006) goes even as far to 

suggest that human tears are responsible for our development into the “ultrasocial” 

animals we currently are. In his view, tears have contributed and stimulated empathic 

reactions and large-scale mutual collaboration with non-kin and strangers.  

In sum, there seems to be general agreement for the (ironically anti-Darwinist) 

hypothesis that one of the most important reasons why human shed emotional tears is 

that these tears (just as facial pain expressions, see Craig and Badali, (2002)) elicit succor 

from others and promote social bonding. In this view, people in particular cry to express 

their need for help and when their social belongingness is challenged (Vingerhoets, in 

press).  

Surprisingly, more systematic empirical tests of this claim have hardly been 

conducted. Little is known about how individuals process visual cues such as tears and 

about their mediating role in terms of emotion perception and person judgments. The 

empirical record of the (social) functions of crying has been modest until now. Cornelius 

and coworkers (described in (Walter, 2006), and, more recently, Provine and colleagues 

(2009) have demonstrated that tears are helpful to identify sadness and to perceive a 

need for succor and comfort. In addition, Hendriks and coworkers (Hendriks, Croon, & 

Vingerhoets, 2006; 2008) reported findings suggesting that crying individuals are 

perceived as in need of and thus facilitating emotional support.  

In addition, little is known about how exactly people process these visual cues 

and about their mediating role in terms of emotion perception and person judgments. In 

order to test the hypotheses that exposure to tears speeds up recognition of sadness and 

facilitates the perception of the need for social support, we conducted two experiments in 

which the influence of tears at an early perceptional level was measured in terms of 

identification of sadness and on willingness to provide social support. Based on earlier 
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findings by Provine et al. (2009), we expected to find a similar faster recognition of 

sadness when tears were present. We furthermore expected to find an increased 

perceived need for support with people on whose faces tears are present.  

 

Experiment 1: Recognition of Sadness 

 

Materials and Methods 

The study was approved by the Review Board of the Communication and Information 

Sciences Department (Tilburg University). 

 

Participants 

Thirty first-year psychology students (25 female, mean age= 21) from Tilburg University 

participated in this experiment. As a reward, they received course credits for their 

cooperation.  

 

Materials and Procedure 

Photographs from the Karolinska Directed Emotional Faces database (KDEF) (Goeleven, De 

Raedt, Leyman, & Verschuere, 2008) were selected, in which men and women display 

either a sad or neutral facial expression. For experiment 1, 16 pictures of sad (8 female) 

and 32 (16 female) pictures of neutral faces were selected. In addition, we digitally added 

tears (running from the eyes down the cheeks) to the sad faces, using Adobe Photoshop, 

as shown in figure 1. In order to obtain the most naturalistic situation, length, location and 

pattern of the tears were randomly varied across all individuals. All images were resized to 

a resolution of 310 x 410 pixels. Thus, 32 sad pictures (16 with tears added, 16 without 

tears added) and 32 neutral pictures were used in this experiment. All pictures were 

presented twice, resulting in 128 trials in total.  

The experiment was run on a PC (placed in a closed quiet room) on a 19 inch CRT 

monitor with a 75 Hz refresh rate, using a SVGA graphics card. E-prime software (version 

1.2) was being used to present the stimuli. A custom serial response box (Psychology 
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Software Tools, Inc.) was used to record responses. All facial pictures were presented in 

full color, against a black background. Participants were sitting on a chair at a distance of 

approximately 40 cm from the monitor, measured from the forehead to the top of the 

screen. An adjustable chair was used to ensure a viewing angle of approximately 90 

degrees for each participant.  

Each trial followed the same experimental sequence, as illustrated in figure 2. First, a 

white fixation cross was presented for two seconds in the centre of the screen against a 

black background. Immediately afterwards, a facial picture was briefly presented for 50 

milliseconds. Right after this, a three-second response window (again containing a white 

fixation cross) followed. Participants were instructed to judge whether the person seen on 

the picture was sad or not by pressing the left response button for “Sad”, or the right 

button for “Not Sad”. Participants were instructed to respond as quickly as possible. If no 

response was given during the three-second time window, the next trial was presented 

automatically. In order to familiarize participants with the task, a set of practice trials was 

run before the actual experiment. This set consisted of 8 trials (2 sad faces with tears, 2 

sad faces without tears, 4 neutral, all equally distributed among gender). Only during 

these practice trials, participants received feedback about their performance (“correct 

response or “incorrect response”). Data from these trials were not included in later 

analyses. After the experiment, each participant was debriefed and asked whether he or 

she had been aware of the presence of tears on the presented facial pictures. 
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Figure 1: Sad and neutral faces, with (right) and without (left) digitally added  

tears, as used in experiment 1 and 2. 

 

Figure 2: Schematic representation of the trial procedures in experiment 1 and 2. After a 2000 ms fixation period, 

a facial picture appeared for 50 ms, followed by a 3000 ms response window. 
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Results & Discussion 

 

The percentages correct scores of the identification task were high in all conditions: 90% 

(neutral, no tears), 87% (sad, no tears) and 88% (sad, tears). A repeated measures ANOVA 

(comparing the accuracy scores between the 3 expression conditions) showed no 

significant differences for correct responses between expression conditions (F(2,58) = 0.86, 

p>.05, η2 = 0.15). For further analysis, trials with incorrect responses (overall 11% of all 

data points) were excluded. 

Figure 3 displays the mean reaction times for each expression condition for 

correct responses only and reveals a clear picture: participants responded slowest for 

neutral faces without tears, they responded faster when confronted with a sad face with 

no tears, and fastest for sad faces with tears. To test for statistical significance a repeated 

measures ANOVA, with a LSD post-hoc test was run, revealing a main effect of condition, F 

(2,58) = 11.48, p < .001, η2 = .284, where the post hoc test indeed showed that all pairwise 

comparisons were statistically significant at p < .05, except the one between neutral and 

sad with tears, which was significant at p < .001. 

 

Figure 3: Mean Reaction Time (in ms) per expression condition (n=30). 
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During debriefing, only three out of thirty participants reported to have noticed the 

presence of tears on faces in several trials. None of these participants were excluded from 

analysis. 

These results show a significant faster recognition of sad faces with tears 

compared to those with no tears at a brief exposure time. One could wonder, however, if 

this effect exclusively applies to emotion recognition or that it also impacts on behavioral 

tendencies. The question whether if affects the willingness to provide of social support as 

well, will be addressed in the next experiment.  

 

Experiment 2: Identification of the Need for Support 

 

Materials and Methods 

Both studies were approved by the Review Board of the Communication and Information 

Sciences Department (Tilburg University). 

 

Experiment 2a 

  

Participants 

In a pilot study (experiment 2a), 39 first-year psychology students (29 female, mean 

age=22) from Tilburg University participated. None of them participated in experiment 1. 

They all received course credits for their participation.  

 

Materials and Procedure 

In experiment 2a, the same set of stimuli was used as in experiment 1. Again, all stimuli 

were presented twice, resulting in 128 trial presentations in total. 

The procedure was the same as in experiment 1. Participants were instructed to indicate 

to what extent the person on the picture was in need for support. They were asked to 

press one of five buttons on the response box, according to a continuum ranging from 

button 1 (most left button) meaning “This person needs no support at all” to button 5 

(most right button) meaning “This person needs a lot of support”. Participants were asked 
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to respond as quickly as possible, based on their first impression. No practice trials were 

given this time. Again, participants were debriefed afterwards and checked for the 

awareness of tears on the faces in the experiment.  

 

Experiment 2b 

 

Participants 

In the actual experiment 2b, 26 first-year communication and information science 

students (11 female, mean age=21), also from Tilburg University took part. Again, none of 

them participated in experiment 1. Again, they all received course credits for their 

participation.  

 

Materials and Procedure 

For experiment 2b, the same set of sad faces (16 with added tears, 16 without tears) as in 

experiment 1 was used. Furthermore, we only (randomly) selected 16 of the 

aforementioned 32 neutral faces (8 female). In addition, tears were digitally added in the 

same manner as described above, resulting in 32 neutral pictures (16 with tears added, 16 

without tears added). Again, all stimuli were presented twice, resulting in 128 trial 

presentations in total. 

The procedure and instructions were the same as in experiment 2a. The study 

was approved by the Ethical Committee board of the Psychology Department, Tilburg 

University. 

 

Results & Discussion 

 

Experiment 2a 

Figure 4 shows the average amount of perceived need for support in each condition, and 

once again shows a clear picture: the least perceived need for support is seen with neutral 

faces, the most with sad faces with tears. To test for statistical significance, we ran a 

repeated measures analysis of variance, which showed a highly significant effect of 
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condition, F (2,76) = 795.55, p<.001, η2 = .954. All pairwise comparisons were statistically 

significant; including the crucial comparison between sad with no tears and sad with tears, 

which was significant at p < .01.  

 

 

Figure 4: Average amount of perceived support needed, by pressing buttons 1 to 5 (1=no support, 5=lots of 

support) in Experiment 2a (n=39). 

 

Experiment 2b 

The results are summarized in Figure 5. Mean responses were analyzed using a 2 x 2 

repeated measures ANOVA, with factors Tears (levels: present, absent) and Face (levels: 

sad, neutral). The analyses revealed, as expected, participants considered sad faces to be 

more in need of support (M = 3.87) than neutral ones (M = 1.8), F(1, 25) = 62.89, p < .001, 

η2 = .716. Crucially, however, we also found a main effect of Tears: participants 

considered faces with tears to be more in need of support (M = 2.91) than those without 

(M = 2.76), F (1,25) = 15.02, p= .001, η2 = .375. No significant interaction between the two 

factors was found. Finally, three participants reported awareness of the presence of tears 

on some faces during the experiment. 
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Figure 5: Amount of perceived support needed, by pressing buttons 1 to 5 (1=no support, 5=lots of support) in 

Experiment 2b (n=26). 

 

Results showed that people indicate a greater tendency to perceive the need for 

social support to both sad and neutral faces with tears than to those without tears. 

 

General Discussion 

 

The aim of the present studies was to investigate the impact of brief exposure to sad and 

neutral faces with and without tears in terms of emotion perception and person 

judgments. In line with our expectancies, the addition of tears to sad faces significantly 

speeds up the recognition of sadness at an early level. Moreover, the presence of tears 

was shown to increase the perceived need for support in individuals with a sad and, 

remarkably, neutral facial expression. In other words, tears as a visual signal seem to 

enhance both emotion recognition and social bonding behavior.  

With regard to experiment 1, our research corroborates earlier findings by 

Provine et al. (2009), showing that emotional tears serve as important visual cues, 

improving perception and processing of human facial expressions; the so-called tear effect. 

By contrast, whereas Provine and colleagues removed tears from crying faces, we digitally 
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added them to tear-free sad faces instead. More important is the main difference 

between the two studies in terms of the perceptual level being measured. Provine and 

coworkers used presentation times of 5 seconds, whereas our facial stimuli were 

presented for only 50 milliseconds. This very short presentation time (slightly more than 

one movie frame) enabled us to investigate whether early processing mechanisms are 

affected by emotion perception. Indeed, our results seem to confirm this. Our accuracy 

data show that all participants were generally very good at judging whether a person’s 

face, only shown for 50 ms, was sad or not. More importantly, the mere addition of tears 

to a sad face facilitates the recognition of sadness. Although participants were instructed 

to judge whether the person shown was sad or not, the main dependent variable in our 

experiment was reaction time, allowing us to measure the influence of tear perception 

independently of personal awareness.  

These results seem to suggest that even at an early pre-attentive level, tears 

already serve as an important visual cue for faster recognition processes. Since all but 

three participants reported to be unaware of the presence of tears on the faces, it can be 

argued that automatic processing mechanisms are involved. In line with this, earlier 

research (Blair, Morris, Frith, Perrett, & Dolan, 1999) showed that certain brain areas, 

previously associated with the perception of fearful faces (e.g. amygdala and right 

temporal lobe), display similar enhanced neurological activity in case of exposure to sad 

faces. Based on these findings, a faster recognition of sadness in general (compared with 

neutral expressions) was to be expected. The even faster recognition of sadness when 

tears were added to sad faces, seems to confirm that tears serve as an additional 

significant visual cue to facial displays of emotions. Whether this applies to other 

emotions associated with tears, such as happiness, remains to be investigated in the 

future. 

As expected, experiment 2 showed that participants identified a higher need for 

support in sad faces than neutral ones. More importantly, in both emotional conditions, 

this perceived need for support significantly increased when tears were added to the 

same faces. Again, these results suggest that tears serve as an important additional cue, 

supporting our hypothesis that crying (or more specifically visible tears) conveys a need 
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for succor. Apparently (and similar to experiment 1), this already happens at an early 

perceptual level, given the short 50 millisecond presentation time. As stated earlier, 

previous research regarding this matter mainly focused on the impact of emotional crying, 

instead of the mere effects of tears (present or not present) per se, making it difficult to 

interpret the origin of the reported effects.  

The present study is the first, to our knowledge, to demonstrate that tears are (at 

least partly) driven by extremities. Not only does a tearful sad face seem to express the 

need for social support than the same tearless sad face, perhaps even more importantly, a 

similar effect was found for neutral facial expressions as well; tearful neutral faces also 

evoke more social supportive responses than their tearless counterparts.  

Moreover, in earlier investigations of crying behavior and social reaction 

(Hendriks et al., 2008; Hendriks & Vingerhoets, 2006) only self-reports to a target stimulus 

(a person who was crying or not), were assessed, possibly biased in terms of social 

desirable behavior. In our experiment, we measured the signaling value of tears 

decoupled from emotional facial expression. In conclusion, the present findings suggest 

that exposure to tears is not merely limited to sad emotional expressions in terms of 

signaling a general need for attention and support, but serving similar function in neutral 

faces. 

Although these results are intriguing, some limitations of the current studies need 

to be emphasized. First, in experiment 1, participants were instructed to indicate whether 

the person presented on the computer screen was sad or not. Given these specific 

instructions, a focus on sadness was likely to be made prior to the actual experiment. One 

could argue that this could have influenced the amount of accurate responses overall. 

Nevertheless, effects on our covert variable “response time with regard to the presence of 

tears” regarding this matter are probably to be neglected. Second, as shown by Zeifman 

(2011), the signal value of tears seems to vary with the age of the crier. The effectiveness 

of tears in terms of communicating sadness and eliciting social responses from others is 

greatest in adult criers, less in children, and least in infants. In both of our experiments, we 

used adult individuals as facial stimuli. Exposure to, for instance, children’s faces might 

have yielded less strong effects in terms of identification and/or social supportiveness. A 
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third limitation could be the possible lack of ecological validity in our studies. It is not 

unlikely that tears evoke different responses from the observer dependent on the context. 

There are many examples that crying individuals (infants, children and adults) are at 

greater risk to be reacted at with negative social reactions, varying from physical abuse, 

bullying, to being ridiculed (Vingerhoets, in press). Fourth, in both experiments we used 

the presence of tears as the main independent variable.  A possible limitation could have 

been the lack of an additional control condition, with the tears at different locations (e.g., 

the same tears running from the nose instead of the eyes) or another salient visual cue 

(e.g. a geometric shape or saliva running from the mouth). Would such a manipulation 

have resulted in different results? Finally, we only used sad and neutral faces in both 

experiments. Given the fact that neutral faces with tears more strongly stimulated the 

willingness to provide support than neutral faces without tears suggests the signaling 

value of tears independent of facial emotional display. Adding more emotional categories 

(for instance happiness and fear) to the experiment, would have allowed us to explore this 

phenomenon in more detail.  

In conclusion, our research provided further evidence for the mediating role of 

tears in processing emotion recognition and social judgments. Their function seems to 

surpass the connection with merely enhancing sadness recognition. Rather, they seem to 

play a significant role as a visual signal in terms of promoting social behavior. Recent 

research by Gelstein and coworkers (2011), suggests that tears have a chemosignaling 

function as well. That would imply that crying implies three-modal stimulation: acoustic, 

visual and olfactory. It seems that crying is a behavior that still leaves much to discover, 

before we will have an adequate understanding of and insight into the power of this 

behavior. Given the promising results from our studies, many challenges (e.g. adding 

control conditions, context information or more emotional categories) are still open for 

further exploration in this new area of research.  
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Different Processing of Fear and Emotional Tears in Autism 

 

 

Abstract 

Almost by definition, individuals with Autism Spectrum Disorder (ASD) are known to have 

difficulties with the perception and interpretation of emotional information. In two 

behavioral studies, we therefore investigated the perception of fearful and sad tearful 

faces by individuals with ASD to test whether the same pre-attentive perceptual 

mechanisms found earlier in normal individuals operate at similar or different processing 

speeds as in individuals with ASD. Our findings suggest that ASD individuals experience 

more trouble with implicit rather than explicit instructions and features. Although they are 

considerably slower in responding compared to normal controls, they perform equally 

well in terms of accuracy when explicitly asked to recognize a sad facial expression, or to 

what extend the depicted individual was in need for support. On the other hand, ASD 

participants seem to have more difficulties with implicit processing when compared to 

non-ASD individuals; they are not or less susceptible to subtle visual cues such as tears, 

and they do not clearly display an attentional bias towards fearful faces and vocalizations. 

These results thus strongly suggest that it is foremost the pre-attentive processing of 

emotional information that is disturbed in ASD. 

 

 

  



Chapter 7: Different processing of fear and emotional tears in autism 

131 
 

Introduction 

 

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by 

impairments in social and communicative behavior and an accompanying restricted range 

of interests and behaviors (Dawson, Webb, & McPartland, 2005). It affects approximately 

1% of the population (Daly et al, 2012). Although there are great varieties in symptom 

severity and levels of intelligence among individuals diagnosed with the disorder, 

difficulties regarding social interactions and delayed information processing of social 

information seem to be common in all autistic individuals (Adolphs, 2002; Hadjikhani, 

Joseph, Snyder, & Tager-Flusber, 2006). Patients typically report having troubles with 

making eye contact, engaging in reciprocal interactions and responding to external 

emotional cues (Werner, Dawson, Osterling, & Dinno, 2000). Moreover, individuals with 

ASD have been shown to have difficulties with face processing, body language, vocal cues 

and real life tasks concerning emotional contexts (Adolphs, 2002; Golan et al., 2010; Golan, 

Baron-Cohen, Hill, & Golan, 2006). Although some of them may develop compensatory 

strategies enabling them to recognize basic emotions, difficulties with more complex 

emotional situations generally remain present in later adult life.  

Arguably, one of the most important difficulties regarding social interaction in 

autism concerns face processing. At a very early stage of life, social behaviors such as 

making eye contact, joint attention and face recognition are present in normally 

developing young infants. In his seminal work “The Expression Of Emotions in Man and 

Animals”, Charles Darwin (1872) already stressed the importance of face processing in 

infants. Faces provide infants with important visual, nonverbal information, helping them 

with communication resulting in increased and better survival. Infants already display 

facial recognition and have a visual preference for faces during the first six months 

(Dawson et al., 2005). Moreover, during their first year, they are also capable of 

interpreting features such as gaze direction, facial gestures and expression of emotion. 

Given the fact that the aforementioned behaviors are impaired in people with autism, 

these deficiencies might play an important role in terms of early indication of brain 

dysfunctioning with regard to autism.  
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Difficulties with face processing are probably among the earliest symptoms of 

autism noticeable in infants. Video analysis of first birthday parties by Osterling and 

colleagues (1994) showed that, in contrast with infants with a normal development, one-

year old infants who were later on diagnosed with ASD tended to look less at others. Also, 

in terms of memory, normal individuals are known to perform better than individuals with 

ASD on tasks involving faces. Moreover, autistic individuals (both children and adults) have 

been shown to perform worse on tasks concerning face discrimination and recognition, 

compared to typically developed individuals (Gepner, Gelder, & Schonen, 1996; Lewis & 

Boucher, 1988). Despite this difference in memory performance regarding faces, autistic 

individuals have displayed similar (or even better) levels of performance than control 

groups on non-facial memory tasks (Blair, Frith, Smith, Abell, & Cipolotti, 2002).  

 The above described behavioral differences have also been substantiated in 

neurophysiological studies. For example, individuals with autism display slower N170 

latencies to faces than to objects, compared to a non-autistic control group (McPartland, 

Dawson, Webb, Panagiotides, & Carver, 2004; Webb, Dawson, Bernier, & Panagiotides, 

2006). Furthermore, non-autistic individuals show a delayed N170 latency in case of face 

inversion, whereas there is no difference in latencies between upright and inverted faces 

in autistic individuals. These electrophysiological findings suggest an early disruption of 

structural encoding of faces in autistic individuals, preventing them from having the 

normal speed advantage for face processing. In terms of memory, autistic children have 

shown better memory performances for the lower half of the face, compared to the upper 

part s (Langdell, 1978). 

In contrast with these findings, previous research regarding early emotional 

attention processes in autism showed amygdala responses to fear conditioning and 

potentiation of the startle response, comparable to normal individuals (Bernier, Dawson, 

Panagiotides, & Webb, 2005). Furthermore, in a probe-detection task measuring 

attentional allocation to the eyes versus mouth regions, both autistic and non-autistic 

children attended more to the region of the eyes than to the mouth (Bar-Haim, Shulman, 

Lamy, & Reuveni, 2006). 
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 Nevertheless, several studies have shown that, compared to normal individuals, 

autistic individuals use different strategies to process faces (Dawson et al., 2005; Langdell, 

1978). Whereas normally developed individuals use a more holistic approach in terms of 

face recognition and memory, autistic individuals tend to rely on a more feature-based 

piecemeal information processing. For instance, when performing facial identification 

tasks, autistic children have shown a preference for mouths (lower facial parts) rather 

than the eyes (higher facial parts) compared to typically developed individuals (Langdell, 

1978). In line with the aforementioned electrophysiological findings, Van der Geest and 

colleagues (Van Der Geest, Kemner, Verbaten, & Van Engeland, 2002) found that autistic 

children demonstrated the same pattern of fixation behavior for both upright and inverted 

faces (regardless of emotional expression), whereas normal children spent less time 

looking at the inverted faces compared to the upright ones. Moreover, autistic individuals 

have proven to outperform non-autistic individuals in recognizing inverted faces (Hobson, 

Ouston, & Lee, 1988). Given the fact that emotional information is in part also 

communicated through the eyes (Matsumoto, 1989), the aforementioned feature-based 

approach with an impaired orientation towards other people’s eyes, characteristic to 

autistic individuals, may possibly explain why they are having trouble with interpreting 

emotions.  

In chapters 5 and 6, we explored the perception of fearful faces and the influence 

of tears on the identification of sadness and perceived need for support, respectively all 

with stimuli presentations at the pre-attentive level (50 msec). Given the fact that correct 

processing and interpreting of faces is perhaps the most crucial condition for the 

recognition of emotions and interpersonal functioning, these aforementioned 

experiments (addressing the perception of internally and externally oriented emotions) 

prompted us to further investigate facial perception in autism. Different functions 

seem to underlie fear and sadness. Fear is in particular associated with survival of the 

individual and signaling communication to others might be of secondary value 

(Vuilleumier, 2002). In contrast, sadness (and more in particular, crying behavior) seems to 

have primarily an external communicative and social bonding function, aiming at soliciting 

attention, getting comfort and social support from others (Vingerhoets, 2013). Since 
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autism, as stated earlier, is particularly characterized by impaired social and 

communicative behaviors, one would especially expect individuals with ASD difficulties 

regarding the perception of sadness and visually salient tears but not (or to a lesser extent) 

regarding fearful stimuli. 

In order to establish any potential modulation of attention towards fearful facial 

stimuli, we conducted some of the cross-modal experiments using the experimental Dot-

Probe paradigm (as described in Chapter 5) with autistic individuals. In this paradigm, 

participants do not receive explicit instructions regarding the main dependent variable of 

the experiment (reaction time). Based on the aforementioned just described findings 

regarding attentional processes (Bar-Haim et al., 2006; Bernier et al., 2005), we expected 

essentially the same results as were reported for the non-autistic individuals in chapter 5. 

More precisely, autistic individuals are expected to respond faster to fearful stimuli than 

to neutral ones. 

In normal participants (see chapter 5), we found an additive effect of tears, when 

evaluating the influence and perception of tears at the pre-attentive level concerning the 

identification of sadness and the perceived need for social support. Since emotional tears 

are important visual cues at an early pre-attentive level in normal groups, we wanted to 

investigate whether the underlying mechanisms operate at the same speed in autistic 

individuals. Given the disturbed processing of emotional information in people with 

autism, and the more explicit nature of instructions accompanying these experiments, we 

expected to find no additional effects of tears for both the recognition of sadness and the 

perceived need for support. In other words, we expect differences in how fast individuals 

with ASD respond to fearful stimuli and to stimuli with visually salient tears: in the former 

we expect to find no differences in processing speed between individuals with and 

without ASD, in the latter we do expect to find such differences. 
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Study I: Attention to Fear 

 

Method  

 

Participants 

Participants were 26 adults with a diagnosis on the Autism Spectrum Disorder (7 female, 

mean age= 30.4, SD = 11.1; range 18 to 57 years of age). Seven participants (1 female) 

were diagnosed with Asperger Syndrome (Frith, 1991), whereas 19 participants (6 female) 

were diagnosed with PDD-NOS (Buitelaar & van der Gaag, 1998). It was ascertained that 

all ASD participants were higher functioning, with cognitive abilities in the average or 

above average range (IQ-scores >100). All participants received a gift coupon for their 

cooperation. We compare the results of the 26 ASD participants with those of non-ASD 

participants (23 in the auditory, 38 in the visual condition) which were described in more 

detail in chapter 5. 

 

General procedure 

All experiments were run in a closed quiet room on a PC, with a 19 inch CRT monitor with 

a 75 Hertz refresh rate, using a SVGA graphics card. A custom serial response box 

(Psychology Software Tools, Inc) was used to record responses. 

The same auditory and visual conditions (experiments 1 and 2) from the Dot-

Probe experiments, as described in chapter 5, were run. 

 

Materials, design and procedure 

All materials, design and procedures were identical to the experiments described in 

chapter 5. In the auditory trial procedure (figure 1), participants were exposed to 

simultaneously presented pairs of fearful and neutral vocalizations coming from the left 

and right, followed by a short dot-probe (15 msec) appearing at one of the two picture 

location. Participants had to indicate where the dot appeared by pressing response 

buttons as quickly as possible. The visual trial procedure (figure 2) was identical to the 

auditory condition, except, instead of vocalizations, simultaneously presented fearful and 
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neutral faces (see figure 3) were presented on the screen. Each condition with ASD 

participants contained 80 trials.  

 

 

Figure 1: Schematic representation of the auditory trial procedure. After a 3000 ms fixation period, there was an 

auditory vocalisation accompanied by a blank screen for 500 ms, followed by a 15 ms dot-probe appearing on 

one of the two picture locations. For better viewing, the fixation cross and dot have been enlarged. 

 

Figure 2: Schematic representation of the visual trial procedure. After a 3000 ms fixation period, there was a 500 

ms presentation of two facial pictures, followed by a 15 ms dot-probe appearing on one of the two picture 

locations. For better viewing, the fixation cross and dot have been enlarged. 
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Figure 3: Fearful (left) and neutral (right) faces from the Ekman database  

as used in the experiment.  

 

Results 

 

Auditory condition 

Similar to the normal participants in chapter 5, the accuracy score for autistic individuals 

in the auditory condition was very high; 99% overall. A repeated measures ANOVA on the 

accuracy scores with Emotion (2 levels: neutral, fear) as a within-participants factor and 

Group (2 levels: ASD, non-ASD) as a between participants factors revealed no significant 

effects, indicating that neither ASD nor non-ASD participants were more accurate for one 

of the two emotions; in general, participants were not more accurate for visual target 

probes replacing neutral or for those replacing fearful vocalizations. 
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Figure 4: Mean accuracy scores for visual target probes replacing fearful and neutral vocalizations, comparing 

individuals with ASD (n=26) versus non-autistic individuals (n=23). 

Next we focus on the reaction times. The mean correct reaction times (RT’s) in 

the Auditory condition (as shown in Figure 5) were analyzed using a repeated measures 

ANOVA with the same design, i.e., with Emotion (2 levels: neutral, fear) as a within-

participants factor and Group (2 levels: ASD, non-ASD) as a between participants factor. 

When comparing autistic versus non-autistic individuals, the repeated measures ANOVA 

analysis revealed no main effect of Autism, F < 1. Moreover, no main effect was found for 

Emotion (dots replacing either fearful or neutral vocalizations), F < 1. No significant 

interaction between these factors was found, F(1,47) = 2.29, n.s. 

 Note that we found in chapter 5 that non-ASD participants responded faster to 

fearful than to neutral stimuli (see also Figure 6). Contrary to our hypothesis, this 

difference was not found for ASD participants (a separate statistic analysis on only the ASD 

participants confirmed that they did not respond faster to fearful stimuli, F < 1). 
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Figure 5: Mean reaction times for visual target probes replacing fearful and neutral vocalizations, comparing 

individuals with ASD (n=26) versus non-autistic individuals (n=23). 

 

Visual condition 

Figure 6 displays the average accuracy scores on both emotions for both ASD and non-ASD 

participants. Again, similar to the normal participants in chapter 5, the accuracy score for 

autistic individuals in the auditory condition was very high; 92% overall. A repeated 

measures ANOVA on the accuracy scores with Emotion (2 levels: neutral, fear) as a within-

participants factor and Group (2 levels: ASD, non-ASD) as a between participants factors 

revealed no significant effects, indicating that the two did not differ in terms of accuracy 

for one of the two emotions; in general, participants were not more accurate for visual 

target probes replacing neutral or for those replacing fearful faces. 

295 294 

283 

288 

250 

255 

260 

265 

270 

275 

280 

285 

290 

295 

300 

target fear target neutral 

ASD 

Non-ASD 



Expression and perception of emotions 

140 
 

 

Figure 6: Mean accuracy scores for visual target probes replacing fearful and neutral faces, comparing individuals 

with ASD (n=26) versus non-autistic individuals (n=38). 

As in the Auditory condition, the mean correct reaction times (RT’s) in the Visual 

condition (as shown in Figure 7) were analyzed using a repeated measures ANOVA with 

Emotion (2 levels: neutral, fear) as a within-participants factor and Group (2 levels: ASD, 

non-ASD) as a between participants factor. The repeated measures ANOVA analysis 

revealed no main effect of Autism when comparing autistic versus non-autistic individuals, 

F < 1. A main effect was found for Emotion (dots replacing either fearful or neutral faces), 

F(1,62)= 9.05, p<.01. No significant interaction between Emotion and Autism was found, F 

<1. Contrary to our hypothesis, further analysis revealed that ASD participants did not 

significantly respond faster to fearful than to neutral stimuli, F <1, while their non-ASD 

counterparts did, as described in chapter 5 (see also Figure 7). 
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Figure 7: Mean reaction times for visual target probes replacing fearful and neutral faces, comparing individuals 

with ASD (n=26) versus non-autistic individuals (n=38). 

 

Study II: Perception of Tears 

 

Method 

Experiment 1 and 2b, as described in chapter 6, were both repeated with autistic 

individuals in order to test the influence of tears on the identification of sadness and the 

perceived need for social support. 

 

Participants & general procedure 

All ASD-participants were the same as in Study I. We compare their results with those of 

26 non-ASD participants, as described in chapter 6. The general procedure for the ASD 

participants was the same as the one described in chapter 6. 

  

Materials, design and procedure 

All materials, design and procedures were identical to the two experiments described in 

chapter 6. In the identification experiment (figure 8), sad and neutral faces, with or 
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without digitally added tears, were shortly presented for 50 milliseconds. Participants had 

to decide (as quickly as possible) whether the person on the picture was sad or not by 

pressing response buttons. In the experiment measuring the perceived need for support, 

the trial procedure was the same as in the identification experiment. This time, 

participants had to indicate to what extent the displayed individuals were in need for 

support, by pressing one out of five response buttons. Compared to the tears experiments 

with normal participants in chapter 6, the number of trials was again reduced with 50% in 

both experiments, resulting in 64 trials per condition. In this second experiment, one 

participant was excluded from analysis because of technical problems. 

 

Figure 8: Schematic representation of the trial procedures in experiment 1 and 2. After a 2000 ms fixation period, 

a facial picture appeared for 50 ms, followed by a 3000 ms response window. 

Results 

 

Recognition of sadness 

Figure 9 shows the accuracy of recognition, for both ASD and non-ASD participants. To test 

for significance, we conducted a repeated measures ANOVA with Emotion (2 levels: sad, 



Chapter 7: Different processing of fear and emotional tears in autism 

143 
 

neutral) and Tears (2 levels: present, absent) as the within-participant factors, with Group 

(2 levels: ASD, non-ASD) as the between participants factor and with the percentage of 

correct identifications as the dependent variable. This analysis demonstrated that ASD and 

non-ASD participants were equally accurate on this task. We did find two significant 

interactions: first, a two-way interaction was found between Emotion and Group, F(1,49) = 

6.930, p < .05, η2 = .124: participants with ASD were less accurate for sadness (M = .83) 

than for neutral (M = .89), while the opposite holds for participants without ASD, who 

were slightly more accurate for sadness (M = .90) than for neutral (M = .88). In addition, a 

two-way interaction was found between Emotion and Tears, F(1,49) =11.66, p<.01, η2 

= .192: the presence of tears increased the accuracy of the identification of sadness (M 

= .88) compared to sad faces without tears (M = .85), whereas tears decreased the 

accuracy in neutral faces (M = .86) compared to neutral faces without tears (M = .89). 

 

 

Figure 9: Mean accuracy scores per expression condition, comparing individuals with ASD (n=26) versus non-

autistic individuals (n=26). 

Concerning the speed of recognition, figure 10 summarizes the mean reaction 

times for both ASD and non-ASD participants, as a function of emotion and tears. 
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Inspection of this figure reveals that both ASD and non-ASD participants respond faster to 

sad faces than to neutral ones (both with and without tears), even though ASD 

participants in each condition respond slower than non-ASD participants. To test for 

significance, we again conducted a repeated measures ANOVA with Emotion (2 levels: sad, 

neutral) and Tears (2 levels: present, absent) as the within-participant factors and with 

Group (2 levels: ASD, non-ASD) as the between participants factor, but this time with the 

mean correct reaction times as the dependent variable. This analysis revealed a significant 

main effect of autism, F(1, 49) = 8,712, p < .005, η2 = .151. Participants with ASD overall 

responded slower (M = 693 ms) than participants without ASD (M = 580 ms). In addition, a 

main effect was found for Emotion, F(1,49) = 14.780, p < .001, η2 = .232. Overall, sad faces 

were recognized faster (M = 605ms) than neutral ones (M = 649 ms). One significant 

interaction was found, namely between Emotion and Tears, F(1,49) = 4.898, p<.05, ^p_2 

= .091: tears speed up the recognition of sad faces (M = 596 msec) compared to those 

with no tears (M = 614 msec), whereas they slow down recognition in neutral faces (M = 

661 msec), compared to those with no tears (M = 637 msec). 

 

Figure 10: Mean Reaction Time (in ms) per expression condition, comparing individuals with ASD (n=26) versus 

non-autistic individuals (n=26). 
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Identification of the need for support  

Figure 11 displays the comparison between ASD and non ASD-participants in terms of the 

amount of perceived support needed. Responses of the ASD- participants were analyzed 

using a 2 x 2 x 2 repeated measures ANOVA, with within subjects factors Emotion (levels: 

sad and neutral) and Tears (levels: present, absent), and Group (autistic versus non-

autistic) as between subjects factor. No main effect of Group was found, F<1. A main 

effect was found for Emotion, F(1,49) = 203.55, p<.01, η2 = .806: participants considered 

persons with sad faces to be more in need for support than neutral ones. Further analysis 

on group level showed that this effect was present in both ASD (F(1,24) = 263.188, p<.01, 

η2  = .916) and non-ASD participants (as reported in chapter 6, p<.01).  

 

Figure 11: Amount of perceived support needed, by pressing buttons 1 to 5 (1=no support, 5=lots of support) in 

Experiment 2b, comparing autistic (n=25) versus non-autistic individuals (n=26). 
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2.75), p>.05. In addition, separate t-tests showed no significant effects of Tears for either 

sad or neutral faces, both p>.05. Furthermore, no significant interactions were found.  

Discussion 

 

In this study, we investigated whether the pre-attentive perceptual mechanisms regarding 

attention to fearful stimuli and the perception of emotional tears found in normal 

individuals operate at similar or different processing speeds as in individuals with ASD.  

 

Attention to Fear 

Contrary to our expectations, we did not find any attentional bias effects in ASD 

participants, neither for the auditory nor for the visual condition. Although autistic 

participants performed very well (comparable to the normal population) in terms of 

accuracy scores, their reaction times did not show an attentional bias towards previous 

fearful faces or vocalizations.  

The present results are opposite to earlier findings which suggest that ASD 

individuals with an autism spectrum disorder do not differ in allocation of attentional bias 

towards fearful stimuli at an early level, when compared with typical individuals (Bar-Haim 

et al., 2006; Bernier et al., 2005). Although we failed to find significant differences 

between probes replacing neutral and fearful stimuli, the measured reaction times in both 

dot-probe experiments show a trend similar to the results of normal participants reported 

in chapter 5. More precisely, in the visual condition, normal individuals responded (on 

average) with 402 milliseconds to visual probes replacing fearful faces and 416 msec to 

neutral faces, whereas autistic individuals’ responses to visual probes were at an average 

of 409 msec for fearful and 423 msec for neutral faces. Despite the fact that we did not 

find a significant effect for emotional expression (visual probes replacing fearful versus 

neutral faces) in the ASD group, these findings at least suggest that similar processes seem 

to be at work in ASD individuals in terms of processing fearful stimuli.  

In general, whereas previous electrophysiological research concerning early 

structural encoding of faces showed that ASD individuals do not demonstrate the normal 
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speed advantage for face processing (McPartland et al., 2004; Webb et al., 2006), our 

results suggest that they do show similar reaction times at a later (400-425 milliseconds), 

but still pre-attentive, level when compared to non-autistic participants. A possible 

explanation for this finding could be related to the nature of the specific task. In our dot-

probe task, participants were instructed to indicate at what location the dot appeared, 

without any explicit instructions to pay attention to the faces presented on the screen. 

Although our ASD participants were likely to display the typical initial disrupted speed 

advantage for face processing, the nature of the current task (to determine the location of 

a dot-probe by pressing a response button) might explain the absence of slower reaction 

times in comparison with non-autistic participants; no explicit attention had to be given to 

the faces presented. Again, although our results imply similar processes in autism 

compared to normal individuals, the absence of a true significant effect for emotion 

(faster response to probes replacing fearful faces) seems to be in line with earlier findings, 

demonstrating disrupted processing of emotional expression in ASD individuals.  

 

Perception of Tears 

Contrary to the results obtained in “normal” study participants (see chapter 6), we did not 

find a main effect for the presence or absence of tears in the experiment measuring the 

identification of sadness in the ASD group. As expected, participants with ASD failed to 

show faster recognition of sadness when tears were present. Whereas the so-called tear-

effect was absent, ASD participants did display an effect for emotion: they also responded 

faster to sad faces than to neutral ones and were equally good at the identification of 

sadness compared to non-ASD participants in chapter 6.  

ASD participants additionally demonstrated slower reaction times in all 

conditions than their non-autistic counterparts. This corroborates earlier findings 

suggesting slower processing of emotional information in individuals with ASD. 

In the experiment measuring the need for support, autistic participants failed to 

consider faces (either fearful or neutral) with tears to be in need for more support than 

those without tears. They, however, tend to give more support to sad faces than to 

neutral faces, regardless of the presence of any tears. 
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A possible explanation for the absence of the tear-effect in both tear studies 

could be that ASD individuals are not (or to a lesser extent) susceptible to subtle visual 

cues such as tears than normal individuals. As discussed in the introduction, autistic 

individuals may use different strategies to process faces (Dawson et al., 2005; Langdell, 

1978). Instead of using holistic approaches, they seem to apply more feature-based 

methods. Previous research concerning facial identification tasks has demonstrated that 

autistic individuals have a preference for the lower facial parts (mouths) instead of the 

eyes in terms of memory, as seen in typical individuals (Langdell, 1978). Maybe the simple 

fact that the tears originate from the eyes (and thus were mostly located in the upper 

facial region) could be a possible explanation for the absence of any tear-effects: autistic 

participants perhaps have not (sufficiently) paid attention to the upper facial parts. This 

might also explain why we did find main effects for the factor emotion in both tear 

experiments. Since the lowering of both corners of the mouth is a salient visual cue of 

sadness, our participants probably had less difficulty with recognizing this basic emotion.  

 

General discussion 

In general, our findings suggest that ASD individuals experience more trouble with implicit 

rather than explicit instructions and features. When explicitly instructed to judge whether 

a person on a presented picture was sad or not, or to what extent the depicted individual 

was in need for support, ASD individuals performed equally well in terms of accuracy as 

non ASD-participants, although their average response time was considerably slower in 

comparison.  

On the other hand, ASD participants seem to have more difficulties with implicit 

processing: they are not or less susceptible to subtle visual cues such as tears than non 

ASD-participants. Moreover, they do not clearly display an attentional bias towards fearful 

faces and vocalizations. These results thus suggest that it is in particular the pre-attentive 

processing of emotional information that is disturbed in ASD. Although the ASD reaction 

times seem to show a trend towards the results found for attentional bias and the 

perception of emotional tears with typical individuals in chapter 5 and 6, the current data 

nevertheless shows patterns of disrupted or slower structural encoding of emotional faces. 
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These results are in line with previous research, confirming difficulties with early 

processing of faces by ASD individuals (McPartland et al., 2004). 
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General discussion & Conclusion 

 

In this dissertation, we explored several behavioral aspects of depression and its 

associated emotions of sadness and fear in six separate, but related studies. In order to 

acquire new insights, we based our investigations on multiple and innovative methods of 

research.  

 

Chapter 2 

We started with a comprehensive literature overview of the distinctive characteristics of 

verbal and nonverbal behavior of depressed patients. This literature overview revealed, 

for instance, that depressive individuals tend to talk more about themselves, talk more 

monotonously, and display more flight related nonverbal behavior. Even though these 

cues, especially in combination, may be an indication of depression, they do not have the 

official status of symptoms yet. Yet, clinical psychology and psychiatry may benefit 

considerably by including these verbal and nonverbal characteristics as an addition to their 

traditional method of diagnosing based on DSM-IV criteria (APA, 2000). Admittedly, they 

are more time consuming to obtain and thus more expensive than the traditionally 

employed methods of assessment, further attention to and exploration of these objective 

indicators of verbal and nonverbal (social) functioning might provide clinical practitioners 

with better ways of diagnosis, prognosis, treatment and improved methods for therapy 

evaluation.  

 

Chapter 3 

In the first empirical study, we investigated the connection between several verbal and 

nonverbal behavioral cues and traditional risk factors of future mental health problems 

among adolescents, based on a selection of the behavioral characteristics related to 

depression that emerged from our literature survey, discussed in the previous chapter. 

We identified several verbal, acoustic and nonverbal features distinguishing adolescents 

running a high risk of developing mental health problems (e.g. divorced parents, family 

history of depression) from those who show no elevated risk of developing mental health 
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problems. For instance, high risk adolescents spoke less, more monotonously, and 

relatively more about home and family than their low risk counterparts, indicating 

relations with introversion and attachment-related problems. In terms of gender, we 

found that high risk boys (but not girls) spoke with a higher voice frequency compared to 

low risk boys. Nonverbally, girls showed more affiliation and flight behavior than boys. 

Furthermore, high risk girls used fewer words and displayed more flight behavior than low 

risk girls, whereas boys displayed the exact opposite pattern. Both findings illustrated 

gender-specific coping strategies. By using these verbal, nonverbal and acoustic 

measurements, we acquired new results that could be helpful in terms of early detection 

and prediction of mental health problems in adolescents. 

 

Chapter 4 

In chapter 3, we showed that adolescents from high risk groups for mental health 

problems behave differently on various acoustic, verbal and non-verbal metrics. 

Subsequently, in chapter 4, we narrowed down our investigations from mental health 

problems in general to depression specifically. At the time of the analysis of the study, 

however, no data were available about whether the adolescents identified as high risk 

actually became depressed or would suffer from mental health problems later on. A 

selection of two groups of adolescents was made based on risk of developing mental 

health problems. The availability of new information about which adolescents actually 

became depressed two years after the video recordings, however, enabled us to conduct a 

real prospective study with respect to future depression. Rather than being associated 

with risk factors of mental health problems in general, this prospective study provided 

useful information about the possible predictive power of verbal, nonverbal and acoustic 

measures examined in the previous third chapter for depression in adolescents 

specifically. Among these healthy adolescents, we found several verbal and nonverbal 

features with potential predictive value with respect to future depression. Adolescents 

who became depressed two years later displayed less affiliation and relaxation behavior, 

and more cues associated with displacement, compared to the adolescent who did not 

become depressed. Female adolescents who became depressed two years after the 
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original video recordings used “I” and other self-references more frequently than those 

who were not depressed. As in chapter 3, these gender-specific effects again demonstrate 

that gender is a distinctive factor by itself in terms of prediction. Moreover, we failed to 

find any effects on acoustic measures.  

On a more critical note regarding both studies in the current and previous 

chapter, some remarks can be made. First, our findings were based on a relatively small 

sample of, respectively, 40 and 37 adolescents, and may thus lack sufficient statistical 

power in order to make general conclusions and recommendations (although we are not 

aware of any similar studies with data of this kind). Second, none of the variables in the 

multivariate analyses emerged as a significant predictor. Future research, which includes 

larger populations and different clinical subgroups, should yield more insight into these 

behavioral cues and their relation to mental health problems. Third, all linguistic and 

nonverbal behavioral cues in both studies were annotated by hand, and thus very time 

consuming to obtain. In order to analyze larger quantities of data, automated processes 

would be needed. However, the automatic recognition and analysis of, for instance, 

nonverbal behavior is still a major research problem (Vinciarelli, Pantic, & Bourlard, 2009). 

Although it is yet too early to make definitive recommendations for clinical 

applications, our findings might provide valuable additional information for clinical 

practitioners in order to obtain better methods of prediction, diagnosis and treatment of 

depression.  

 

Chapter 5 

Next, we investigated attentional mechanisms with regard to fearful faces and voices on a 

pre-attentive level in healthy participants. In three experiments, based on the dot-probe 

paradigm, we investigated whether there was a transfer between auditory and visual 

input in terms of attention towards fearful faces and voices. This study is the first to 

demonstrate a clear cross-modal modulating effect of visual attention towards fearful 

faces and sounds. Participants were found to be significantly faster responding to dots 

replacing fearful vocalizations and facial pictures. However, we were not able to find any 

effects in case of multimodal stimulus preceding the visual target probe. That is, no 
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attentional bias towards simultaneously presented fearful faces and vocalizations was 

found. To what extent this is due to specific methodological reasons or to general 

differences in crossmodal attentional processes remains to be established. 

 

Chapter 6 

Next, the focus was on the perception of sad facial expressions, more specifically on the 

influence of tears as a visual cue, presented at an early pre-attentive level. In two 

behavioral experiments, we measured the impact of brief exposure to the same sad and 

neutral faces with and without tears in terms of emotion perception and the perceived 

need for social support. In other words: participants had to indicate to what extent the 

person on the picture was in need of support. In the first experiment, we demonstrated 

that the addition of tears to sad faces significantly speeds up the recognition of sadness at 

an early level. The second experiment showed that the presence of tears additionally 

increased the perceived need for support in individuals both with a sad and neutral facial 

expression. Our findings in this chapter thus indicate that tears, as a visual signal, seem to 

enhance both the emotion recognition of sadness and need for succor. 

 

Chapter 7 

In our final study, we specifically investigated the perception of fearful and sad tearful 

faces by individuals with Autism Spectrum Disorder (ASD), based on the same behavioral 

experiments used in the two previous chapters. ASD is characterized by disturbed 

information processing in terms of social and communicative behavior, and thus represent 

an interesting subgroup in view of our research. Our findings suggest that ASD individuals 

experience more trouble with implicit rather than explicit instructions and features. 

Although they are considerably slower in responding compared to normal controls, they 

perform equally well in terms of accuracy when explicitly asked to recognize sad facial 

expressions, or to what extent depicted individuals are in need for support. On the other 

hand, ASD participants seem to have more difficulties with implicit processing when 

compared to non-ASD individuals. They are not or less susceptible to subtle visual cues 

such as tears, and they do not clearly display an attentional bias towards fearful faces and 
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vocalizations. Our results thus strongly suggest that it is foremost the pre-attentive 

processing of emotional information that is disturbed in ASD. 

 

Conclusion 

 

In this dissertation, we have demonstrated that there are various verbal and nonverbal 

behavioral characteristics distinguishing between normal individuals and those with 

mental health problems, such as depression. In future studies, it remains to be established 

what their precise status is and to what extent they are clinically relevant. These 

behavioral characteristics have not been established as official symptoms yet, but our 

findings imply that some of them may serve as helpful indicators in order to distinguish 

adolescents at risk of developing future mental health problems versus those who do not 

show an elevated risk of developing these problems. Even more, we have demonstrated 

that some of these behavioral cues are of potential predictive value with regard to future 

development of depression in adolescents. Given the fact that adolescence is a life period 

in which most persons develop their first depressive episode (or mental health problems 

in general), these behavioral cues might give clinical practitioners an important additional 

tool in order to achieve better diagnosis, prediction and treatment of mental health 

problems in general and depression in particular. In addition, they might be useful in 

therapy evaluation. 

Since depression is related to negative emotional behavior and its expressions, 

we further explored the perception of sad and fearful faces in the final three studies of 

this thesis. Compared to other environmental stimuli, fearful faces and voices seem to 

have priority in terms of attention in normal individuals, whereas in autistic persons this 

process seems to be disturbed. Moreover, in normal individuals, tears speed up the 

recognition of sadness and increase the awareness that someone needs help, whereas 

autistic individuals are less susceptible to these subtle visual cues. 

Once again, our studies have resulted in the identification of behaviors 

distinguishing normal individuals from those with a psychopathological disorder (more 

precisely, depression and autism). Whereas the aforementioned results of the first three 
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studies were based on observational data among individuals, who were either at risk of 

developing mental health problems or would become depressed two years later, the 

results of the last three studies were based on behavioral data on how normal and autistic 

individuals perceive and process sad and fearful faces at a pre-attentive level. 

In conclusion, we have shown that there are additional predictive signs that might 

enable us to keep the Black Dog at an appropriate distance. We also gained more insight 

into how we process occasional feelings of sadness and fear as a consequence of its 

barking and snarling, while it is lying on a carpet in the corner of the room. Hopefully, in a 

modest way, our findings will contribute to a framework in which it is easier for us to 

preserve and uphold the colors in our lives. 
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In this dissertation, several behavioral aspects of depression and its associated emotions 

of sadness and fear were explored in six separate, but related studies. In order to acquire 

new insights, we based our investigations on multiple and innovative methods of research.  

 

Chapter 2 

A comprehensive literature overview of the distinctive characteristics of verbal and 

nonverbal behavior of depressed patients was conducted. It was revealed, for instance, 

that depressive individuals tend to talk more about themselves, talk more monotonously, 

and display more flight related nonverbal behavior. Even though these behavioral cues, 

especially in combination, may be an indication of depression, they do not have the 

official status of symptoms yet. Clinical psychology and psychiatry may benefit 

considerably by including these verbal and nonverbal characteristics as an addition to their 

traditional method of diagnosing based on DSM-IV criteria. Although more time 

consuming to obtain, and thus more expensive than the traditionally employed methods 

of assessment, further attention to and exploration of these objective indicators of verbal 

and nonverbal (social) functioning might provide clinical practitioners with better ways of 

diagnosis, prognosis, treatment and improved methods for therapy evaluation.  

 

Chapter 3 

Based on a selection of the behavioral characteristics related to depression that emerged 

from our literature survey, as discussed in the previous chapter, we investigated the 

connection between several verbal and nonverbal behavioral cues and traditional risk 

factors of future mental health problems among adolescents in our first empirical study. 

Several verbal, acoustic and nonverbal features distinguishing adolescents running a high 

risk of developing mental health problems (e.g. divorced parents, family history of 

depression) from those who show no elevated risk of developing mental health problems 

were identified. For instance, high risk adolescents spoke less, more monotonously, and 

relatively more about home and family than their low risk counterparts, indicating 

relations with introversion and attachment-related problems. Moreover, we found that 

high risk boys (but not girls) spoke with a higher voice frequency compared to low risk 
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boys. Nonverbally, girls showed more affiliation and flight behavior than boys. 

Furthermore, high risk girls used fewer words and displayed more flight behavior than low 

risk girls, whereas boys displayed the exact opposite pattern, illustrating gender-specific 

coping strategies in both findings. We acquired new results that could be helpful in terms 

of early detection and prediction of mental health problems in adolescents, by using these 

verbal, nonverbal and acoustic measurements. 

 

Chapter 4 

As chapter 3 showed that adolescents from high risk groups for mental health problems 

behave differently on various acoustic, verbal and non-verbal metrics, we subsequently 

narrowed down our investigations from mental health problems in general to depression 

specifically in chapter 4. In a prospective study, we investigated the potential predictive 

value of the aforementioned verbal and nonverbal behavioral cues in terms of future 

depression among adolescents. We analyzed linguistic, nonverbal and acoustic behaviors 

of 40 healthy adolescents (20 would develop depressive problems two years later) 

performing a free speech task. Several linguistic and nonverbal cues distinguishing 

adolescents who would become depressed and those who did not were identified. For 

instance, adolescents who became depressed used more words related to affection and 

positive emotions. Gender-specifically, female adolescents who became depressed two 

years after the original video recordings used self-references than those who did not 

become depressed. Nonverbally, adolescents who developed future depression displayed 

less behaviors related to affiliation and relaxation, and more to displacement. Acoustically, 

no significant effects were found. None of the variables in the multivariate analyses 

emerged as a significant predictor. Although we must not be too eager to draw definite 

conclusions, our multi-disciplinary measurements have yielded new results with regard to 

prediction of depression in adolescents. These findings might provide valuable additional 

information for clinical practitioners in order to obtain better methods of prediction, 

diagnosis and treatment of depression. 
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Chapter 5 

In the fifth chapter, we investigated attentional mechanisms with regard to fearful faces 

and voices on a pre-attentive level in healthy participants. We investigated whether there 

was a transfer between auditory and visual input in terms of attention towards fearful 

faces and voices in three experiments, based on the dot-probe paradigm. Besides the 

classic visual dot-probe effect for fearful faces, we found spatial attentional bias towards 

ecologically valid fearful vocalizations followed by a visual probe, demonstrating a clear 

cross-modal modulating effect of visual attention towards fearful faces and sounds for the 

first time. Participants were found to be significantly faster responding to dots replacing 

fearful vocalizations and facial pictures. However, we were not able to find any effects in 

case of multimodal stimulus preceding the visual target probe; no attentional bias towards 

simultaneously presented fearful faces and vocalizations was found. To what extent this is 

due to specific methodological reasons or to general differences in crossmodal attentional 

processes remains to be established. 

 

Chapter 6 

Next, the focus was on the perception of sad facial expressions, more specifically on the 

influence of tears as a visual cue, presented at an early pre-attentive level. The tearing 

effect describes the relevance of tears as an important visual cue adding meaning to 

human facial expression. However, little is known about how people process these visual 

cues and their mediating role in terms of emotion perception and person judgment. We 

measured the impact of brief exposure to the same sad and neutral faces with and 

without tears in terms of emotion perception and the perceived need for social support in 

two behavioral experiments. In other words: participants had to indicate to what extent 

the person on the picture was in need of support. In the first experiment, we 

demonstrated that the addition of tears to sad faces significantly speeds up the 

recognition of sadness at an early level. The second experiment showed that the presence 

of tears additionally increased the perceived need for support in individuals both with a 

sad and neutral facial expression. Our findings in this chapter thus indicate that tears, as a 
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visual signal, seem to enhance both the emotion recognition of sadness and need for 

succor, and serve as important visual cues at an early (pre-attentive) level. 

 

Chapter 7 

We specifically investigated the perception of fearful and sad tearful faces by individuals 

with Autism Spectrum Disorder (ASD), based on the same behavioral experiments used in 

the two previous chapters, in our final study. As ASD is characterized by disturbed 

information processing in terms of social and communicative behavior, it thus represents 

an interesting subgroup in view of our research. Our findings suggest that ASD individuals 

experience more trouble with implicit rather than explicit instructions and features. 

Although they are considerably slower in responding compared to normal controls, they 

perform equally well in terms of accuracy when explicitly asked to recognize sad facial 

expressions, or to what extent depicted individuals are in need for support. On the other 

hand, ASD participants seem to have more difficulties with implicit processing when 

compared to non-ASD individuals. They are not or less susceptible to subtle visual cues 

such as tears, and they do not clearly display an attentional bias towards fearful faces and 

vocalizations. Our results thus strongly suggest that it is foremost the pre-attentive 

processing of emotional information that is disturbed in ASD. 

 

Conclusion 

In this dissertation, we have demonstrated that there are various verbal and nonverbal 

behavioral characteristics distinguishing between normal individuals and those with 

mental health problems, such as depression. Although these behavioral characteristics 

have not been established as official symptoms yet, our findings nevertheless imply that 

some of them may serve as helpful indicators in order to distinguish adolescents at risk of 

developing future mental health problems versus those who do not show an elevated risk 

of developing these problems. Even more, we have demonstrated that some of these 

behavioral cues are of potential predictive value with regard to future development of 

depression in adolescents. Since adolescence is a life period in which most persons 

develop their first mental health problems (or more specifically, their first depressive 
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episodes), these behavioral cues might provide clinical practitioners with an important 

additional tool in order to achieve better diagnosis, prediction and treatment of mental 

health problems in general and depression in particular. In addition, they might be useful 

in therapy evaluation. 

In the final three studies of this thesis, we further explored the perception of sad 

and fearful faces, since depression is related to negative emotional behavior and its 

expressions. Fearful faces and voices seem to have priority in terms of attention in normal 

individuals compared to other environmental stimuli, whereas in autistic persons this 

process seems to be disturbed. In addition, in normal individuals, tears speed up the 

recognition of sadness and increase the awareness that someone needs help, whereas 

autistic individuals are less susceptible to these subtle visual cues.  

Again, our studies have resulted in the identification of behaviors distinguishing 

normal individuals from those with a psychopathological disorder (more precisely, 

depression and autism). Whereas the aforementioned results of the first three studies 

were based on observational data among individuals, who were either at risk of 

developing mental health problems or would become depressed two years later, the 

results of the last three studies were based on behavioral data on how normal and autistic 

individuals perceive and process sad and fearful faces at a pre-attentive level.
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“Wat is psychopathologie precies?”, vroeg de taalkundige.  

“Wat is een corpus eigenlijk?”, vroeg de psycholoog.  

 

Ergens in het voorjaar van 2008 kreeg ik een email van Ad, waarin hij vertelde op zoek te 

zijn naar een AIO voor een nieuw onderzoeksproject wat zou gaan over depressie en 

jongeren. Dit alles in samenwerking met de faculteit Geesteswetenschappen, 

departement Communicatie en Informatiewetenschappen. Of ik misschien interesse had? 

Ja, interesse was er eigenlijk meteen, en die werd alleen maar groter na een verdere 

mondelinge toelichting van Ad. Ik had tussendoor natuurlijk wel even opgezocht wat 

zowel Geestes- als Communicatie en Informatiewetenschappen nou eigenlijk precies 

waren. Na een sollicitatieprocedure, tevens mijn eerste kennismaking met Marc en Emiel, 

kwam uiteindelijk de verlossende mededeling dat ik het geworden was.  

Emiel, Ad en Marc, ik wilde jullie allereerst ontzettend bedanken voor de kans die 

jullie mij gaven om dit project te mogen uitvoeren! Ik heb de samenwerking vanaf het 

eerste moment als zeer prettig ervaren, en heb met oprecht veel plezier de afgelopen vier 

jaar beleefd. Veel heb ik geleerd van jullie gezamenlijke en afzonderlijke vakkennis. 

Bovenstaande quote mag dan overkomen als een haast onoverbrugbare kloof tussen twee 

in totaal verschillende vakgebieden werkende mensen, maar ik heb hem vooral gekozen 

omdat het zo’n beetje het enige voorval is wat ik me kan herinneren waar van deze kloof 

werkelijk sprake was. Ergens in de verte, met een dikke knipoog... Met genoegen kijk ik 

terug op onze tweewekelijkse meetings, waar naast de serieuze besprekingen en 

discussies ook altijd plek was voor de nodige humor. Ook het feit dat jullie mij, naast de 

vooraf vastgestelde doelen, de mogelijkheid boden om zelf verdere invulling te geven aan 

het project stel ik zeer op prijs!  

Emiel, van jou mocht ik bijna vijf jaar geleden bericht ontvangen dat ik de baan 

had gekregen. Je zorgde meteen dat alles prima geregeld was, en dat ik me onmiddellijk 

thuis voelde op mijn nieuwe werkplek. Naast de gezamenlijke meetings, kon ik als 

overbuurman altijd tussendoor binnenlopen voor een vraag of advies. Naast een 

begeleider van wie ik veel geleerd heb op onderzoeksgebied, was je ook altijd een prima 

bewaker van de rode draad. Soms een beetje remmend (af en toe nodig, ik vind nogal veel 
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leuk..), maar vooral stimulerend, door mij op tal van nieuwe mogelijkheden te wijzen; 

variërend van nieuwe onderzoeksmethoden, onderwijsmogelijkheden tot 

congresbezoeken. Los van dit alles, toon(de) je ook altijd belangstelling voor mijn leven 

buiten de wetenschap, en klopte regelmatig even aan voor een praatje over zaken als 

vakantie, het nieuws, boeken en natuurlijk muziek. In alle eerlijkheid,  je promotor 

Strapping Young Lad laten luisteren en waarderen, beschouw ik als een verdienste. 

Bedankt voor dit alles, gelukkig blijven we ook de komende jaren nog samenwerken! 

Ad, jij was degene die me dus aanvankelijk op het project wees. Het doet me dan 

ook goed om vooral jou nu, vijf jaar later, te kunnen bedanken in het laatste stuk wat ik 

schrijf voor het proefschrift ter afronding van dit alles! Het was altijd prettig en 

inspirerend om bij je langs te gaan voor besprekingen van de resultaten, of te 

brainstormen over nieuwe ideeën. Dit alles gaat bij jou altijd gepaard met dezelfde 

gedrevenheid en kennis, aangevuld met de nodige relativerende grappen en sociale 

betrokkenheid. Mooi dat ons eerste tranenexperiment, aanvankelijk ontstaan als zijsprong, 

uiteindelijk uitmondde in iets vruchtbaars. Tot dusver leidde het tot een publicatie, 

meerdere congresbijdragen en twee hoofdstukken in dit proefschrift. Hopelijk brengt de 

toekomst nog meer! 

In de deuropening even komen kletsen, maar stiekem tussendoor wel met een 

paar hele nuttige adviezen en inzichten komen. Marc, ik wilde ook jou ontzettend 

bedanken voor al je hulp en begeleiding de afgelopen jaren! Je vermogen om zaken vanuit 

soms ongewone (maar verfrissende) hoeken te benaderen, aangevuld met je unieke 

gevoel voor humor, maakten het erg leerzaam en plezierig om met je samen te werken. 

Ook de gesprekken over het muziek maken en de uitwisselingen van Belgische en 

Nederlandse dialecten mogen hierin niet onvermeld blijven! 

Verder gaat uiteraard mijn dank uit naar de leden van mijn commissie voor hun 

deelname: dr. Barakova, prof. Oldehinkel, prof. Fernández-Dols, prof. Postma (Eric). Thank 

you very much, your presence is highly appreciated! Een speciaal woord van dank heb ik 

voor prof. Vroomen. Jean, bij jou heb ik ooit de eerste leerzame stappen in de 

onderzoekswereld gezet. Mede door jou werd ik later ook gewezen op dit (nu afgeronde) 
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promotieproject. Erg tof dat je nu ook als commissielid aanwezig bent, ik kijk uit naar je 

(ongetwijfeld kritische) vragen! 

 In het verlengde hiervan wilde ik ook Beatrice de Gelder bedanken. Bea, als 

student-assistent heb ik veel ervaring bij je op mogen doen. Je vaak onorthodoxe denk en 

handelswijzen zijn van blijvende invloed gebleken. Verdere dank gaat uit naar Geert van 

Boxtel en Jeroen Stekelenburg voor hun begeleiding en adviezen. 

Natuurlijk kunnen alle collega’s van DCI niet onvermeld blijven. De goede sfeer, 

onderlinge hulpvaardigheid, etentjes, boswandelingen, uitstapjes en gesprekken op de 

gang maken het toch een stuk aangenamer werken! Speciale vermeldingen zijn er 

allereerst voor mijn mede-(ex)aio’s: Ruud K. (‘frikandellenvijverke’ is permanent aan mijn 

vocabulaire toegevoegd), Marieke, Lisanne (ginnen cola geven!), Mandy, Suleman, Lisette, 

Constantijn (smarties zullen nooit meer hetzelfde zijn), Jorrig, Hans (ach ja..), Lieke, Karin, 

Phoebe, Emmelyn, Alain, Ruud M., en Bart. Verder gaat mijn dank uit naar Fons, Lauraine, 

Jacintha, Jacqueline, Anne, Carel (voor je hulp, en alle gesprekken in kenmerkende stijl), 

Janneke, Jette, Joke, Jaap, Rein, Joost en mijn Malle-bandgenoten Anja (tevens beste 

buurvrouw!), Leonoor, Menno, Marije en Juliette (boks!). Vanzelfsprekend bedank ik ook 

mijn huidige Mississippi-collega’s Kiek, Marie, Eric en Aske. Op de toekomst! 

Verbazingwekkend, hoe leuk het na vijf jaar nog steeds is om de telefoon op te 

nemen: “Hallo, met Martijn.”, vervolgens twee minuten aandachtig te luisteren en dan pas 

de hoorn aan de andere Martijn te geven. Martijn Goudbeek (aka Maarten Goudblom, aka 

Dr. Goudbeer), ik had me geen betere kamergenoot kunnen wensen. De combinatie van 

serieuze gesprekken, adviezen en discussies, aangevuld met Nederlandstalige hits, semi-

legale handel, imitaties en het zo nu en dan schoppen tegen heilige huisjes maken het 

verblijf op kamer D427 zeer aangenaam. Hulde! 

We hadden het natuurlijk al vijf jaar geleden besloten; hij zou zoals altijd de cover 

en de illustraties gaan ontwerpen. Muziekalbum, foto’s, proefschrift.. whatever. Mark, 

wederom bedankt voor je prrrachtige bijdrage en onze talloze koffiesessies. Of, zoals we 

na elk afgerond project in de afgelopen 15 jaar zeggen: “Wij komen er wel!”. 

Iedereen die me kent, weet dat er voor mij ook grote werelden buiten de 

wetenschap liggen, welke voor mij een onmisbaar tegenwicht vormen. Ik wil daarom dan 
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