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PROLOGUE
The subject of this thesis is emotion and motivation, facial expressions, and steroid
hormones, and how these may cause and mediate overt human socioemotional
behavior. Because complex overt socioemotional behavior is very hard to study 
experimentally, we turn to physiological and cognitive measures that can be measured
reliably and reflect the brain’s readiness for certain classes of behavior that can be
measured reliably. In some places in this thesis, attentional and mnemonic processes
are only used as tools for studying the interplay between emotional and motivational
and endocrine factors, and how they influence socioemotional behavior.

Steroid hormones are studied because they are important regulators of emotion and
motivation. Facial expressions are studied because they provide a tool for the study
of motivated cognition, and because processing of facial expressions is so important
to our species that their study is fundamentally interesting in itself. The motivation-
regulation provided by our system of facial expressions has likely been an important
driving factor of human evolutionary success. Emotion is also studied for more than
one reason. Firstly, emotional processes are so pivotal to survival, that to study emotional
processes is to study the very essence of the (human) organism. Secondly, emotional
processes often go astray, at great personal and societal costs. By studying the 
fundamentals of emotion, we gain a better understanding of emotional disorders,
and by better understanding emotional disorders, we might someday become better
at preventing and treating them.

When the term ‘cognitive processing’ is used in this thesis, it refers to processes of
attention and memory. Attention refers to the faculty or faculties that select and
prioritize some stimuli over others for higher order mental operations. Memory refers
to encoding, retention, and retrieval of stimuli and more abstract representations of
relations between those stimuli. This thesis mainly concerns attention and memory
for the special meaningful stimulus category of facial expressions. This is a limited
perspective on cognition, but no more is presently needed; the terms attention and
memory are operationally defined where it is necessary for comprehension of their
interplay with expression-processing, emotion and motivation, and steroid hormones,
while the broader concept of cognition is not our subject. 

In other parts of this thesis, we study certain attentional and mnemonic processes because
aberrations in these emotional-cognitive processes are thought to be a causative factor in
emotional disorders. And this is really the ultimate goal of this thesis: to gain fundamental
knowledge of emotion and motivation, and through these of emotional disorders. 

After studying the topic of emotion for several years, I still do not know what would
be a definition of emotion that could satisfy every psychologist and layperson, with
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each her own theoretical, methodological, and substantive favorite. Emotions are the
things we ‘feel’? Emotion is ‘hot’ as opposed to ‘cold’ cognition? Emotion is an action-
tendency? Emotion is a physical state preparing the body for fight-flight responses?
Emotion is not cognition?
Many have tried to define emotion and just as many have failed in doing so, according
to anyone else who has tried to do it. My own theory-driven and restricting working-
definition of emotion is as follows:
An emotion is a temporary state in a complex organism which is characterized by
both (neuro) physiological and mental components of what is considered a presently,
ontogenetically historically, or phylogenetically historically adaptive response, or
preparation thereof, to either the perception of external stimuli that are likely of
influence on the (genetic) survival or well-being of the organism, or to the mental
representation thereof. Excluded are states that reflexively serve maintenance of
purely internal physiological homeostasis, or directly result from purely physiological
infliction that cannot be approximated by mental representation of that infliction only.

Also the concept motivation is not easily defined, but less so, because it can refer
to emotion for the more problematic aspects of definition. The word motivation is
sometimes used fairly interchangeably with the word emotion. It is not uncommon,
for instance, to reserve the word emotion for humans, whereas other animals are said
to possess only motivation. When the word motivation is used in this thesis, it is
sometimes interchangeable with emotion, and sometimes it is to specify not the very
temporary state which is the emotion, but a more stable trait that is likely to lead
to the temporary generation of a specific emotion. This more stable, prolonged state
of the organism is defined as a broader, more abstract class of emotions. For instance,
the seemingly fundamental motivational dimension of ‘approach versus avoidance’,
is super-ordinate to more concrete emotions such as anger, sexual lust, and happiness,
versus sadness, fear, and disgust. Approach motivation is what propels our overt
behavior toward hedonic achievement, whereas avoidant motivation directs our
overt behavior away from things that are aversive. Important emotional disorders can
be categorized along this dimension. Disorders of fear and anxiety and depression
can be understood as imbalances toward the avoidant pole of the dimension; anti-
social disorders and (hypo)mania can be seen as imbalances toward the approach
pole. This dimension of approach versus avoidance is synonymous to the dimensions
of ‘approach versus withdrawal’, ‘appetitive versus defensive’, and ‘behaviorally activating
versus behaviorally inhibitory’. This important descriptive and explanatory construct
will re-occur throughout this thesis. 

It is assumed that emotional and motivational processes are behavior-directing processes
which have a phylogenetic history. These processes were selected because they once
provided fitness for coping with physical and social difficulties in life. Throughout
this thesis, the reader will come across lines of reasoning which assume that functionality
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of motivational processes has to be viewed from a behavioral ecological point of
view which also takes into consideration what the function of such a process might
have been in our evolutionary past. This is especially the case for our view on facial
expressions as motivationally relevant stimuli.

Emotional and motivational processes or the regulation (e.g. inhibition) thereof
sometimes derail. When that happens, eventually a person is no longer capable of
caring for herself, or of stably maintaining overt behavior that is accepted by the
moral and institutionalized rules of society. When that occurs, we speak of psycho-
pathology. A rather generally accepted idea is that the motivational processes that
occur in psychopathology are not qualitatively different from the motivational processes
that occur in healthy people. Rather, the processes are in excess in appropriateness,
frequency, and/or intensity. The research described in this thesis and much of the
pre-existing research referred to, concerns the study of motivational processes in
healthy people who have never in their life been so unfortunate to have become
pathologically anxious or fearful, manic, or depressed.
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Chapter 1

INTRODUCTION



1.1 Selective attention and memory and their relation 
to emotion and psychopathology

Folk wisdom has it that “some people see a glass half-empty, some people see a glass
half-full”. A central theme in many theories of emotion is the concept of ‘appraisal’:
the interpretation of stimuli and more complex information, in terms of their emotional
significance and value. Individual differences in idiosyncratic cognitive structures of
world-knowledge and expectations determine how a stimulus is appraised. The work
of cognitive psychologists such as Aaron Beck paints a compelling picture how new
information entering the mind of a fearful or depressed person is automatically
selected and interpreted to fit with pre-existing knowledge and expectations concerning
events of personal emotional relevance. Similarly, stored information in memory is
also constantly reshaped in selective retrieval and re-consolidation processes. This
‘selective cognition’ further strengthens the negative cognitive structures and so further
solidifies the negativity bias in selection, interpretation and memory of information
about the self and the world (e.g. Beck & Emery, 1985). Such cognitive analyses of
psychopathology assume that motivated cognition is an important cause and mediator,
and not just a consequence, of affective states and disorders. The experimental study
of motivated selective attention and theoretical models pertaining to these processes
(for example Williams et al., 1996a; Mogg & Bradley, 1998) have focused on the
assumption that specifically disorders of fear and anxiety (and not so much depression)
are characterized by automatic and pre-conscious attentional selection of information
pertaining to possible threat to the individual’s personal well-being. Depression is
though to be associated with biases in memory (and not so much attention) favoring
retrieval of information pertaining to negative personal circumstances1. Together, these
two biases are instances of a broader relation of ‘mood congruent cognition’, which
signifies that selection of information (be it from the external world or from memory)
is congruent to the ‘negative’ affective state or trait of an individual.

Early experimental evidence of the relations between emotion and selective attention
Much compelling evidence for mood congruent cognition has been documented (for
overviews, see Williams et al., 1996b; Mogg & Bradley, 1998). The first experimental
studies looked at selective processing of words with varying emotional meaning.
MacLeod et al. (1986) studied the allocation of spatial attention with the so-called
dot probe task. Two words -one neutral, one emotional- were presented simultaneously
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1 For the study of motivated memory, a wide variety of experimental tasks has been employed.
Most common are varieties on the basic themes of incidental or deliberate recall and/or
recognition of previously learned words that vary in emotional meaning, and studies of
autobiographical or other episodic memory for positive and negative events. Because none
of the studies in this thesis pertain directly to the study of depressive memory biases, this
research is not discussed in detail here; suffice to say that much evidence of the negativity-
bias in depressed memory has been reported. 



and participants had to respond to a target dot that appeared in either location. Since
response latency to visual targets is modulated by attention being directed at or away
from its location (Posner et al., 1987), this task provides a measure of the deployment
of spatial attention. It was found that clinically anxious subjects displayed decreased
response latencies to probes appearing in the location of negative words. Another
widely used experimental paradigm was the emotional Stroop task. This task measures
response latencies for color-naming single stimuli. These stimuli could be neutral or
emotionally relevant words, and slowing down of color naming as a function of the
word’s emotional meaning was thought to reflect interference by enhanced processing
of that stimulus on the primary task demand of color-naming. A host of studies have
shown that words from semantic categories that are of personal relevance to the
subject will produce such interference (see Williams et al., 1996b). 

There are however a few important limitations to the interpretation of such phenomena
for processing of lexical information (Bradley et al., 1997). Firstly, it seems reasonable to
assume that subjects have more frequent exposure (lexically, in memory, and in language)
to words that are of interest to them. Hence, aberrant processing of these words might
not be the result of their emotional significance; mere frequency of use might suffice
to induce such outcomes. Secondly, words are semantic symbols that are conceptually
encoded almost instantaneously. Specifically in the case of spatial attention, the function
and result of sustained attention of such a stimulus is not clear. 

The advent of the facial expression in emotion-attention research
In 1988 Hansen and Hansen published a study, entitled ‘Finding the face in the crowd:
an anger superiority effect’, that played an important in the study of selective processing
of emotionally relevant stimuli. To the best of my knowledge, these authors were the
first to report a study showing pre-attentive selective processing favoring threat-related
facial expressions. Their experiment concerned a visual search task for target faces of
one expression amidst identical distracters of a different expression. Detection of an
angry target amidst happy distracters was faster than the detection of a happy face
amidst angry distracters. Moreover, this detection time for angry facial expressions varied
very little as a function of the number of happy distracters, suggesting automatic and
parallel processing of (angry) facial expressions. This was an important finding because
it suggested that, at a very low level of visual-attentional processing, angry faces are
processed in a fundamentally different manner, providing a (likely neurally hard-wired)
mechanism for selective attention to these socially and emotionally important stimuli.
Gilboa-Schechtman et al. (1999) employed the face in the crowd task and reported that
emotional faces were processed differently by socially phobic subjects than by non-anxious
controls, with some evidence for specifically faster detection of angry faces. This study
then showed that relations between emotional stimuli and emotional characteristics of
the subject as found in Stroop tasks and dot probe tasks for lexical stimuli, extended
to the ‘special’ stimulus of the threatening facial expression. Also, this finding clearly
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went beyond a ‘mere’ mood congruency effect, but instead implied a relation between
the socioemotional signal of the expression and how, depending on the motivational
state of the subject, this calls forth different emotional-cognitive processes in the subject.
This expression-motivation-response triad must be understood from a more behavioral
ecologically oriented explanatory perspective. 

Another important impetus was the work by Arne Öhman and colleagues (for an overview,
see Öhman et al., 2000). They elaborated upon Seligman’s concept of ‘preparedness’
(Seligman, 1971) which holds that some phylogenetically relevant stimuli are more
easily associated (through conditioning) with motivationally relevant experiences than
others, as an innate human property (a much debated hypothesis; see e.g., Merkelbach
et al., 1987). Öhman and colleagues reported that aversive classical conditioning to
angry faces (considered potential ‘prepared’ stimuli) is more easily achieved than to other
expression-stimuli (Öhman & Dimberg, 1978). Moreover, such conditioning could even
be achieved when expressions serving as conditioning stimuli were presented below
perceptual thresholds for conscious awareness during acquisition (Esteves et al., 1994).
These studies then suggested two things. Firstly, facial expressions are not just stimuli;
they are inherently motivationally relevant stimuli. Secondly, facial expressions operate
in a fundamentally different manner than other visual stimuli in processes that had
hitherto been studied as stimulus-independent phenomena. The advent and improvement
of modern neuroimaging techniques (PET, fMRI) made it possible to take a closer look
at the neural correlates of face processing. There is neuroimaging evidence supporting
the hypothesis that faces are indeed special stimuli and are processed to a large extent
by specialized structures, providing a neural basis for observations of selective attentional
processing (see Adolphs, 2003, and most chapters in this thesis).

These diverse lines of research (psychophysiological responses to conditioned stimuli,
behavioral responses to visual presentation of expressions, and neural underpinnings of
face processing) thus all converge to suggest that facial expressions of emotion are
processed in fundamentally different -effectively facilitated- manners and that this
expression-processing is neurally and behaviorally closely connected to affective processes.
Also, the specialized neural apparatus for face processing strongly suggests that these
face-faculties result from phylogenetic development. This latter point must be emphasized,
because it implies that the way the brain, body, and mind respond to the perception of
facial expressions has largely been shaped by selection pressures before our time. These
socioemotional pressures exerted their effects in times when motivationally relevant
interpersonal communication and related affective behaviors were governed by rules that
were quite different from modern day society’s abstract moral rules and institutionalized
reinforcers. In the remainder of this chapter, a critical outline will be presented of
research into selective attention to facial expressions and methodological issues pertaining
tot these studies. One conclusion from this outline will be that, in general, researchers
have not given enough consideration to these behavioral ecological issues.
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Modified dot probe task
Bradley et al. (1997) were the first to employ facial expressions in the dot probe task,
measuring spatial attention. In this modified dot probe task, after a cue to target
onset asynchrony (CTOA) of typically 500 ms, one of two targets appears in the location
of one of the two faces, with a 50% likelihood of appearing in the location of the
emotional expression. By subtracting mean response latencies to targets appearing
in the emotional and neutral location, a measure for either facilitated (‘vigilance’) or
inhibited responses (‘avoidance’) to the target location is derived. The modified dot
probe task was meant to measure automatic and early engagement of spatial-attention,
supposedly akin to Posnerian exogenous cueing of attention (Posner et al., 1987).
Such deployment of spatial attention is assumed to consist of three discernable cognitive
component processes: before a new location can be engaged, attention has to be
disengaged from the previously attended location and moved to the new location.
Vigilant motivational influences on the global process of allocation of spatial attention
can entail inhibited disengagement and facilitated engagement. Bradley et al. (1997)
found that targets in the locations of angry facial expressions were responded to
faster than targets appearing in the location of neutral facial expressions. However,
this target facilitation was absent in subjects who scored low on a measure for dysphoria
(increased anxiety and depression, or generally negative affect). This finding was inter-
preted as reflecting automatic and fast spatial-attentional engagement of the angry
facial expression, driven by negative affect. This was considered evidence that threatening
facial expressions can influence a reflexive process that was hitherto considered
encapsulated. This finding of decreased response latencies to targets appearing in the
location of an angry facial expression has been replicated many times, and some studies
report that increased anxiety predicts the vigilant response to angry faces (e.g. Bradley
et al., 1998), although the specifics of motivational predictors have varied.

The face in the crowd task 
The earlier described face in the crowd task has provided mixed results, mainly concerning
prediction of the ‘pop out’ of angry faces by individual differences in motivation
(Byrne & Eysenck, 1995; Gilboa-Schechtman et al., 1999; Fox et al., 2000; Öhman
et al., 2001; Miltner et al., 2004; Hadwin et al., 2003). Although certainly some
studies do show ‘increased threat/negativity detection’, sometimes predicted by anxious
motivation, other studies fail to find effects of motivation, or report effects of motivation
that are incompatible with other reports. The paradigm is very complex in terms of
its underlying cognitive component processes. For example, the presence of multiple
(emotional) distracters can influence attentional disengagement from these distracters
during the search for the target, and so variation in response latencies to the targets
is not straightforward interpretable (see Koster et al., 2004). Rather than using this
method, we have opted for the development of a new spatial attention method,
reported in chapters 4 & 5 and shortly explained below. However, the ecological
validity of a ‘crowd of expressive faces’ is very attractive. Chapters 3, 7, & 9 describe
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studies using a task measuring immediate recall spatial memory for faces in a crowd.
This task tries to capture the same kind of ecologically valid stimulus.

1.2 Revisiting threat-related expressions

As outlined above, evidence of the assumed relation between the processing of angry
faces and anxious and fearful motivation has not always been very strong. This is,
however, probably not a deficit of the hypothesis of selective processing of motivationally
relevant information, but rather reflects a somewhat over-simplified notion of the
specific significance of the angry facial expression. The ideas and research described
in this thesis are founded in a view on expressions akin to the view of e.g., Fridlund
(1994). Our view holds that the selective pressures behind the evolution of (human)
expressions are not foremost affective or other homeostatic states of the primary
observer2. Rather, expressions evolved as instruments to non-verbally and quickly
convey relevant information between social conspecifics. The motivational relevance
really concerns the response to this expression in the secondary observer. Such information
can either pertain to solely dyadic interactions (for instance, the angry face signaling
dominance and intentions of hostility, the happy face signaling appeasement and
intentions of non-agonistic cooperation) or can function to provide mutually relevant
information about the (physical) environment (for instance, surprise signaling something
salient in the environment, fear signaling something dangerous in the environment).
The distinction between these two classes of information seems to have received little
attention. Also, emotion researchers have focused too much on merely the facial
musculature of expressions, ignoring other physical sources of information (e.g. body
posture, gaze direction) that contribute importantly to the whole emotional expression.
Recent years show a growing recognition of these latter considerations (e.g., Emery,
2000; Langton et al., 2000; Adoplhs, 2003; Sato et al., 2004; de Gelder et al., 2005;
see also chapters 4 & 5).

The expression of anger
Importantly, our view places much emphasis on the function of facial expressions in
the regulation of dominance-submissiveness interactions. In social animals the vast
majority of motivationally relevant experiences do not concern interactions with
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2 In discussing dyadic interaction, the agent making a certain expression is from now on called
the ‘primary observer’ and the reagent responding to this expression is designated the ‘secondary
observer’. These terms are more commonly reserved for shared-attention interactions where
the secondary observer is the actor who sees that a primary observer is attending something
else in the environment (see chapters 4 & 5). I will use the term also to describe face-to-face
situations or experimental simulation thereof. For instance, a picture of an angry face presented
in an experiment is called the primary observer, and the subject perceiving this stimulus is
designated the secondary observer.



predator species and other physical threats, but interactions with conspecifics. Social
animals live in groups of other animals who have the same needs for (genetic) survival
and hence have to compete for access to these resources. Such competition would
be harmful to the survival of the species if animals would be involved in physical
clashes constantly. Social rules, hierarchies and ritualized aggression evolved to regulate
competition without too great a cost. In periods of relative stability of the hierarchical
social system, minor momentary competitive clashes are minimized to brief skirmishes
and often ritualized interactions (see Mazur, 1985; Mazur & Booth, 1998). The angry
(facial) expression plays a pivotal role in these processes. Angry expressions serve to
signal hostile intentions, dominance and readiness for punishment for breaching
social rules. They are displayed by the dominant animals toward competitors or sub-
missive animals to assert dominance. The secondary observer who is the target of
this display must carefully choose his response: reciprocation of expressions of dominance
will eventually result in escalation of the clash into physical fighting. Submissive
secondary observers will signal their yielding by averting the gaze and/ or displaying
appeasement by a smile-expression. As argumented by Öhman (1986), Mazur and
Booth (1998), and van Honk and colleagues (e.g., van Honk, 2001a), the angry facial
expression still functions to regulate remnants of these clashes for homo sapiens
sapiens in modern society. 

From this behavioral ecological point of view, the concept that individuals with higher
levels of anxiety should exhibit faster or more detailed processing of angry faces is
thus somewhat ambivalent. Whether this is a threatening stimulus, or a stimulus
evoking reciprocal hostility and defiance, is dependent on the dominant motivation
of the secondary observer toward this primary observer. This notion led van Honk et
al. (2001a) to perform an experiment with angry facial expressions in an emotional
Stroop task. Earlier reports had already confirmed that interference from non-facial
emotional stimuli in pictorial Stroop tasks reflects the same kind of enhanced processing
of that stimulus as in Stroop tasks with emotional words (e.g. Kindt & Brosschot,
1997). Results from two experiments in the van Honk et al. (2001a) study showed
that not anxiety, but anger was associated with more interference for angry versus
neutral facial expressions. Several experiments with the angry Stroop task (outlined
below) measuring endocrine markers of affect showed that this anger-interference
increases with more approach motivation and decreases with avoidant motivation.
Faced with these results, van Honk and colleagues formulated the concept that the
secondary observer in an angry emotional Stroop task responds in a manner which
reflects abovementioned facial communication in competitive dyadic interactions.
Van Honk et al. (1998) reported that subjects with higher levels of cortisol (which is
thought to reflect (socially) anxious or depressed, thus avoidant, motivation; see
paragraphs 1.4 & 1.6) displayed avoidant responses on the angry Stroop task. In contrast,
subjects with higher levels of testosterone (associated with approach motivation; see
paragraphs 1.5 and 1.6) showed greater interference for angry facial expressions (van
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Honk et al., 1999). To causally test the hypothesis that more avoidant motivation
leads to reduced interference to angry facial expressions, the angry Stroop task was
used in a study employing repetitive Transcranial Magnetic Stimulation (rTMS) over
the prefrontal cortex. rTMS is a technique utilizing powerful local magnetic fields to
temporarily facilitate or inhibit (depending on stimulation parameters) depolarization
of groups of neurons in the cortex (Schutter, 2003). Neurophysiological research suggests
that relatively greater activation of the right prefrontal cortex (PFC) is involved in
avoidant motivation, whereas left PFC dominance is associated with approach motivation
(Davidson, 1992; Harmon-Jones, 2004). After rTMS inhibition of the right PFC (which
presumably induced a shift toward the approach pole of the approach-withdrawal
dimension), interference from angry facial expressions increased, whereas inhibition
of the left PFC led to an enhanced avoidance response (d’Alfonso et al., 2000). 

The results from the non-spatial emotional Stroop task, as they were interpreted, are
not easily reconcilable with some findings from the modified dot probe paradigm, and
show that the idea of using the angry facial expression as a stimulus met with anxious
and fearful responses is rather ambiguous. A study by van Honk et al. (2001b) showed that
psychophysiological responding to angry faces is actually increased by administration
of the aggression-invoking and fear-reducing hormone testosterone. Therefore, the
angry face is not a good stimulus to study general anxiety related processes. 
A study described in chapter 2 of this thesis investigates which motivational traits are
good and less good predictors of Stroop interference to angry facial expressions.

The expression of fear 
The human facial expression of fear displays an enlarged open mouth, brows raised
high and the eyes opened wide. This latter feature provides the possibility to clearly
indicate the source of danger for other observers, since the presence of white sclera
in the human eye makes it easy to see where the eyes are looking (Emery, 2000). Because
the fearful face signals danger, it would seem a potent stimulus to experimentally
induce processes of vigilance and fear in the secondary observer. Indeed, Whalen et
al. (1998) reported results from a functional neuroimaging study showing that not
the angry, but the fearful facial expression evoked the most amygdala activation.
Studies by Rauch et al. (2000) and Thomas et al. (2001) confirm the stronger amygdala
activation in response to the perception of fearful facial expressions and extend this
by showing that this amygdala response is increased in patients who suffer from disorders
of fear and anxiety. Van Honk et al. (2005) showed that Stroop interference for fearful
facial expressions is reduced by administration of the fear-reducing hormone testosterone.
Van Honk et al. (2002) reported that such fearful Stroop interference is attenuated
by inhibitory rTMS over the right PFC inducing a shift in balance of lateralized PFC
activity away from the avoidant pole of the approach-avoidance dimension. Recently,
Georgiou et al. (2005) reported that central presentation of fearful facial expressions
causes a Stroop like effect of inhibited responses to peripheral targets. These studies
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provide endocrine, neurophysiological, and behavioral evidence that processing of
fearful facial expressions is indeed related to fearfulness of the secondary observer
and that it is a good stimulus to assess fearful selective attention. 
A study described in chapter 1 of this thesis tested motivated working memory for
fearful facial expressions, among other reasons to see if processing of these stimuli
in this task can be related to indicators of fearful affect. Chapters 7 & 8 of this thesis
report studies of motivated working memory for both angry and fearful facial expressions
in one and the same task and participant groups. One reason for these studies was to
further investigate the different motivational mediators of responses to these stimuli,
and to ascertain if selective processing of angry and of fearful facial expressions is
indeed discernable, as suggested by the ideas outlined above. 

1.3 Fear, spatial attention and facial expression: new paradigms

On the basis of the above, it might be expected that perhaps fearful faces would better
serve as stimuli in the modified dot probe task. The aforementioned studies employing
straight gazing faces in the emotional Stroop task clearly show that there is a relation
between processing of fearful faces and fearful, anxious motivation. Chapters 1, 7,
8, & 9 in this thesis report results from experiments employing straight gazing fearful
facial expressions in spatial and non-spatial contexts, and two of these support the view
that even straight gazing fearful facial expressions elicit increased fear-related processing.
A logical step would seem to be to employ fearful instead of angry facial expressions
in the modified dot probe task, but this task seems to have some shortcomings.

As stated earlier, motivational influences on the global process of allocation of spatial
attention can entail inhibited disengagement and facilitated engagement. Findings
of decreased response latencies to targets appearing in the location of the angry face
is usually interpreted as reflecting motivational modulation of a Posnerian like engage
component. However, close analysis of the modified dot probe task in the light of
known properties of exogenous cueing of attention can only lead to the conclusion
that it is really not clear which sub-process the modified dot probe task measures.
Because two stimuli (one emotional, one neutral) are presented simultaneously and the
CTOAs are long enough to allow multiple shifts of attention, decreased response latencies
to ‘affective locations’ could either reflect facilitated shifts toward that location, or
inhibition of disengagement from that location. Koster et al. (2004b) provide evidence
which suggests that only the latter holds for the modified dot probe task. This has
been confirmed by better paradigms for measuring motivated deployment of spatial
attention (Fox et al., 2001; Yiend & Mathews, 2001; Fox et al., 2002; Koster et al.,
2004a; 2004b; Georgiou et al., 2005; see also chapter 4). The results across several
experiments show mostly evidence for affective modulation of the disengage component
of spatial attention, whereas findings of facilitated shifts of attention toward the affective
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stimulus have been reported only once in about a dozen experiments. Again, mostly
angry faces have been used as stimuli.

Chapters 4 & 5 describe results from a newly developed experimental paradigm
employing fearful faces in conjunction with gaze cues, attempting to tackle three
issues in one go. Firstly, it employs fearful faces as threat-related stimuli. Secondly,
this is done in a method which might reveal more clearly the effects on the engage
component to attention. Thirdly, it does so by utilizing the presumed inherent conjunction
of facial musculature expression and eye-gaze (see chapter 4). This new paradigm
concerns a method which defies the paradigmatic dichotomous classification between
endogenous and exogenous cueing of attention. From the results, it seems that
socioemotional stimuli make cognitive systems work quite differently from what research
using non-animate stimuli suggests (see also Kingstone et al., 2003).

1.4 Hormones and behavior: the Hypothalamus-Pituitary-
Adrenal (HPA) axis

The HPA axis consists of the hypothalamus (the ventromedially located ‘homeostatic
control center’ of the brain), the pituitary gland (also known as the hypophysis) and
the adrenal gland. In times of physiological or psychological stress (for instance,
hunger or perception of an approaching predator), HPA axis activation increases. In
the case of hunger and other internal homeostatic challenges, the HPA response starts
in the hypothalamus. In the case of perception of motivationally external events,
change in hypothalamic function will be triggered by higher brain centers such as
the amygdala. Therefore, it might not be a bad idea to speak of the LHPA axis, the
limbic HPA axis. 

The neurotransmitters acetylcholine, noradrenalin, serotonin, and dopamine all mediate
hypothalamic release of corticotropin-releasing factor (CRF; also known as corticotropin-
releasing hormone). This neurohormone is synthesized primarily in the paraventricular
nucleus (PVN) of the hypothalamus and is released by the nerve endings of the hypo-
thalamic neurosecretory cells through the hypophyseal stalk (the neuron- and blood
vessel containing transitional structure between the hypothalamus and the pituitary)
into the anterior lobe of the pituitary. Here, CRF will trigger corticotroph cells to release
adrenocorticotropic hormone (ACTH) into the bloodstream. When plasma ACTH reaches
the adrenal glands (located above the kidneys), it triggers the release of glucocorticoids
(GCs) from the cortex of the adrenal gland. Once released in the bloodstream, some
GCs will bind to GC binding protein, which renders them biologically inactive. This likely
serves to create a buffer storage for quickly available GCs in times of HPA scarcity.
Unbound GCs can readily travel the blood-brain barrier and also target various organs
in the body to perform a staggering multitude of functions. 
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The meta-function of GCs is to maintain homeostasis in the face of internal homeostatic
imbalance and stressful environment-organism interactions. Interactions with the
environment often imply necessity of motor (e.g. fight-flight) behavior; perhaps
most importantly, GCs are energizing hormones by converting stored fats and proteins
into glucose. GCs are catabolic hormones; they inhibit production of bone and muscle
fibers, for instance. GCs are also immunorepressive hormones; they have local anti-
inflammatory potency and generally repress immune system function. So, although
GCs are potent acute mediators of physiological homeostasis, chronically elevated
GC levels seriously harm the body and brain. The term ‘allostatic load’ is used to
describe the wear and tear of physiological and neural systems that result from hyper-
sustained homeostatic functions that are adaptive within a shorter time frame (McEwen
& Wingfield, 2003; see Sapolsky et al., 2000, for a comprehensive functional and
physiological analysis of GC actions across different time frames). To ensure that,
under fairly normal circumstances, GCs’ homeostatic functions will not impose too
great an allostatic load, a negative feedback mechanism exists. GCs bind to receptors
in the pituitary and hypothalamus, which in turn results in a reduction of further
CRF and ACTH release. 

GC effects on cognition
GCs effects on memory and working memory (executive) function have been extensively
studied; effect on perception and attention have been reported as well, but are less
consistent (see e.g., Monk & Nelson, 2002). 
In concert with adrenergic activity, GCs seem to affect memory in a dose dependent,
inverted U-shape manner with beneficial effects of moderate GC levels. Several studies
suggest that specifically long-term memory for emotionally arousing material is increased
by simultaneous GC and (non-)adrenergic activity (see Roozendaal, 2000). A more
detailed outline of GCs and memory function is provided in chapters 3 & 9. 

HPA and motivation and psychopathology
One of the biological functions of motivational and emotional processes is to activate
the organism to adaptively respond to cues of environmental challenges that are of
importance for survival (either phylogenetically selected or ontogenetically learned).
Such adaptive responding often requires rigorous physical actions. It is thus not surprising
that HPA functioning is directly and importantly associated with various motivational
processes. Firstly, psychological stress causes increased HPA activity in varying degrees
of magnitude. This can be seen in multitude forms of emotional stress, ranging from
e.g., fear of public speaking and socially stressful scrutiny of personal qualities
(Kirschbaum et al., 1993; Sgoifo et al., 2003), preparing to participate in an important
sports event (Salvador, 2005), or performing a psychological experiment involving
attending and perceiving slightly arousing (van Honk et al., 2000) or distressing pictures
(Ellenbogen et al., in press). HPA functioning is also clearly implicated in various
forms of psychopathology and increased pathology-defining motivation. The most
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robust relation between HPA functioning and psychopathology is seen in depressive
disorder. Major depression is associated with chronic hypercortisolism. At least part
of the problem lies in reduced efficacy of mainly GR mediated negative feedback (for
a review, see Pariante & Miller, 2001). Although HPA activity is usually tempered by
negative feedback mechanisms, prolonged exposure to stress and subsequent prolonged
exposure to elevated cortisol levels will form too great an allostatic load. Hypersecretion
of CRF, and subsequent hypercortisolism, leads to impaired GR feedback functionality
Another indicator of the importance of the HPA axis in depression is provided by
observations that anti-depressants markedly alter HPA and glucocorticoid receptor
functionality (for an overview, see Pariante et al., 2003). 

Disorders of fear and anxiety are etiologically and symptomatically closely related to
depressive disorders with a high rate of co-morbidity. Given the relation between
depression and hypercortisolism and this co-morbidity between fear and anxiety disorders
and depression, it is difficult to exclude depression-confounds in the relation between
anxiety disorders and HPA functioning. Relations between HPA functioning and fear
and anxiety have been reported. Increased cortisol levels have been found in elevated,
non-clinical anxiety in adults (Brown et al., 1996; Takahashi et al., in press), post-
traumatic stress disorder (PTSD) with co-morbid depression (Young & Breslau, 2004),
panic disorder (Wedekind et al., 2000), and extremely shy and inhibited children
(Kagan et al., 1987; Smider et al., 2002). Also in non-human studies, much evidence
for a relation between anxiety and fear and GC levels has been reported. Elevated
GC levels are seen in fearful and inhibited (Kalin, 2003) and reduced agonistic and
socially subordinate behavior (see Summers et al., 2005). In non-human primates,
low ranking subordinate animals display chronically elevated cortisol levels. Low-status
animals have little access to vital resources and are frequently in danger of physical threats
from higher-ranking animals. These stressors will contribute to sustained hypercortisolism,
which will in turn lead to more fearful, and thus less dominant, coping behavior in
agonistic interaction. However, not just social, but also neuroendocrine mechanisms
mediate a reciprocal and self-reinforcing relation between stress, subordination, and
hypercortisolism (Sapolsky, 1990; Summers, et al., 2005; see also below). 

Not only basal levels of GCs, but also HPA responsivity to acute psycho(-social) stressors
has been associated with fearful and anxious motivation and psychopathology. For
example, patients suffering from co-morbid anxiety and depression show increased
HPA response to social stressors (Young et al., 2004,) as do more submissive people
(Sgoifo et al., 2003), and also for some specific phobias, patients show increased
HPA responses to the object of their phobia (e.g. Alpers et al., 2003). 

Neuroendocrine mechanisms of HPA and motivation 
The relation between basal GCs and fearful behavior might indirectly reflect effects
of what is by some considered the true anxiogenic endocrine factor: CRF. Central

24 CHAPTER 1 | INTRODUCTION



administration of CRF and manipulation of central CRF receptors has been shown to
mediate fearful, depressive and socially anxious behavior in various species
(Arborelius et al., 1999). Thus, some human researchers studying relations between
basal GCs and fearful and anxious behavior, do so considering GC levels as an indirect
measure for CRF levels (Gallagher et al., 2006; Lupien et al., 2006), which can only
be measured in cerebral spinal fluid (CSF). GCs can however be measured reliably
from plasma, salivary and urinary samples. Obviously, measuring GCs in, specifically
these later two humors is preferable to very invasive and confounding stressful plasma
GC or CSF CRF sampling. 

Importantly, prolonged GC administration has been shown to lead to enhanced CRF
expression in the amygdala. This increase in central available CRF sensitizes the animals’
fear responsiveness (see Rosen & Schulkin, 1998; Schulkin et al., in press). This provides
a mechanism by which the neurobiological effects of HPA functioning create a self-
reinforcing feedback loop in the LHPA regulation of fear-responsiveness: stress leads
to increased HPA activity, which leads to increased amygdaloidal CRF activity, which
leads to increased sensitivity to stress-inducing stimuli, etcetera. These effects of exogenous
GC elevation suggest a functional mechanism wherein repeated or continuous exposure
to stressful environmental circumstances (with consequently increased GC levels) leads
to an increased tendency of the of fear-regulating brain circuitry to respond fearfully
to motivationally relevant stimuli in the (apparently dangerous) environment (see also
Schulkin et al., in press). In depression, a functionally similar self-reinforcing loop
seems to exist in the form of a breakdown of HPA negative feedback. Motivational
effects of specifically long term exposure to stress thus have the tendency to perpetuate
themselves through increasing psychoneuroendocrine susceptibility to stress.

Although the anxiogenic effects of CRF are well established, GCs themselves also affect
motivation and neuroendocrine mechanisms thereof. Corticosterone administration
in rodents, for example, acutely increases aggressive behavior (e.g. Mikics et al., 2004)
and also has acute fear-reducing properties (Sandi et al., 1996). Some human studies
suggest that increased endogenous and exogenous cortisol protects against development
of anxiety disorders (see chapters 8 & 9). Crucially, duration of HPA manipulation is
a very important factor (see also Buchanan et al., 2001) because of negative feedback
mechanisms (downplaying central CRF), long term alterations of feedback mechanisms,
and the abovementioned alteration of central CRF expression after longer GC exposure.
Only few -and sometimes contradictory- studies have so far tested acute effects of
cortisol in humans. Some reports suggest effects on cognitive-behavioral, behavioral
and psychophysiological measures that point toward the conclusion that acute effects
of exogenous cortisol are anxiogenic. However, an equal number of studies suggests
the paradoxical opposite: exogenous cortisol might acutely reduce avoidant behavior.
Reasons for diverging findings may lie in several methodological differences; exact
dosages, timing between administrations and testing, and dependent measures have
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all varied. Neuroendocrine mechanisms that might be responsible for these paradoxical
effects are discussed in chapters 8 & 9 of this thesis. These two studies also tested
the acute effects of cortisol administration using self-reported anxiety and motivated
attentional and mnemonic processing of facial expressions of threat as dependent measures. 

1.5 Hormones and behavior: the Hypothalamus-Pituitary-
Gonadal (HPG) axis 

The HPG axis consists of the hypothalamus, pituitary and the gonads. Where CRF is
the initiating hypothalamic neurohormone for the HPA axis, this is gonadotropin
releasing hormone (GnRH; also known as luteinizing hormone releasing hormone or
follicle stimulating hormone releasing hormone) in the case of the HPG axis.
Originating from the hypothalamus (primarily from the arcuate nucleus in primates
and from the preoptic area and suprachiasmatic nucleus in rodents), GnRH travels
the same path to the pituitary. Here, GnRH triggers release of luteinizing hormone
(LH) and follicle stimulating hormone (FSH). In males, LH targets the Leydig cells in
the testes which triggers androgen production (primarily testosterone, but also
androstenedione, for example). FSH is importantly involved in spermatogenesis. In
females, some testosterone is produced in response to pituitary hormones in the theca
cells in the ovaries. FSH induces estrogen secretion (e.g. estradiol) and development
of the primary follicle in the ovaries, and LH stimulates ovulation and prompts
development of the corpora lutea which produce progesterone. The adrenal cortex
also produces some sex-steroids. For males, this adrenal contribution to the production
of sex hormones is quite negligible. For females however, whose testosterone levels are
much lower, it is a more important source (providing approximately 25% of circulating
testosterone). Like cortisol, the sex hormones can be bind to carrier proteins. Testosterone
is an anabolic agent, promoting synthesis of proteins, bone growth, muscle growth and
muscle fiber metabolism, among others. Organizing effects of testosterone occur mainly
perinatally and during puberty, promoting development of reproductive organs and
secondary sex characteristics. 

Androgen effects on cognition
Androgen treatment studies in older and hypogonadal men have shown beneficial
effects of androgens on memory, specifically spatial memory (e.g. Janowsky et al.,
1994; Cherrier et al., 2001). In animal research also, spatial memory seems to benefit
from androgen manipulations (e.g. Jones & Watson, 2005). Also other forms of
spatial cognition and even spatial perceptual-motor performance benefit from
androgens (Watson & Kimura, 1991). As is the case for GC effects on memory,
effects on cognition seem to be dose-dependent in a non-linear, inverted U-shape
relation. Androgens probably contribute to superior spatial performance of males
over females in a variety of species. Chapter 7 (which reports a study testing the
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effects of testosterone administration on female spatial memory) presents a more
detailed discussion of these issues.

HPG and motivation and psychopathology
Testosterone’s motivational effects have been established in a wide variety of species
across phyla, with a high degree of consistency. Best known are androgens’ sexually
activating effects. Secondary to that, androgens are widely known for their effect on
agonistic motivation. Dominant and aggressive members of several species are reported
to have increased levels of testosterone (e.g., Faruzzi et al., 2005, for rodents; Beehner
et al., 2005, for primates; Weiss & Moore, 2004, for lizards; Ehrenkranz et al., 1974
for humans). Testosterone has often been implicated in aggressive, delinquent and
otherwise anti-social behavior in both men and women (for an overview, see Giammanco
et al., 2005). Most of these studies are however of a correlational nature. Because
of a reciprocal relation between testosterone levels and motivation (see below), one
should be careful to draw causal conclusions from such research. Androgens also
possess anxiolytic, fear-reducing and depression-relieving potency. Hypogonadal
men and women (for example as a result of surgical removal of testes or ovaries)
often develop depression and this can be treated with testosterone replacement
therapy (e.g. Orengo et al., 2004; Davis, 2001). Research in various animal species
also suggests that testosterone reduces fear, while dominant agonistic behavior is
increased by testosterone treatment (e.g. Bouissou, 1978; Boissy & Bouissou, 1994;
Mougeot et al., 2005). 

Alan Mazur and Alan Booth (Mazur, 1985; Mazur & Booth, 1998) first proposed the
so-called biosocial model of status in primates. This model poses that testosterone is
reciprocally related to aggression and dominant behavior. High levels of testosterone
are thought to increase (not necessarily physical) aggression and dominance. A dominant
and aggressive stance in agonistic interactions is associated with a high likelihood
of winning status-conflicts. In turn, winning status-conflicts and holding a high-
dominant status position increases HPG functioning. Conversely, social defeat seems
to lower testosterone levels (e.g. Rose et al., 1975; Mazur, 1985; Mazur & Booth,
1998). In this manner, the HPG mediation of agonistic behavior and reciprocity
thereof create a self-reinforcing system. Noteworthy, in their seminal papers Mazur
and Booth directly refer to dyadic facial interactions as mechanisms for the resolution
of dominance-clashes, as prototypical testosterone-mediated socio-emotional behavior.
Also, at least in non-human primates and other mammals, high status ensures access
to sexual mates. Exposure to sexual cues and consummation increase HPG activity
(e.g. Roney et al., 2003; Bonilla-Jaime et al., in press). The biosocial model thus provides
a functional socially dynamic mechanism of HPG mediation of androgens’ most
important motivational effects, i.e. facilitation of sexual and agonistic behavior; the
latter possibly (also) through fear-reducing effects. The so-called challenge hypothesis
(see e.g., Archer, in press) states that testosterone acutely rises in anticipation of
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possibilities of sexual consummation and competitive agonistic encounters, to facilitate
physiological and psychological requirements for the cued behavior. The biosocial
model of status and the challenge hypothesis of testosterone have spurred much
research in humans as well. Sportive competition has repeatedly been used as the
human model for agonistic behavior, and such studies have provided positive evidence
for the challenge hypothesis and the biosocial model of status. For a recent review,
see Salvador (2005). This author concludes that psychological mechanisms (coping
style) do intervene in the human testosterone response to successful competition.
This would seem to verify that also in humans, a self-reinforcing relation between
testosterone and aggressive, fearless and dominant behavior does exist. 

Neuroendocrine mechanisms of HPG and motivation
Testosterone can have direct effects on steroid-responsive cells, and two additional
pathways exist. Firstly, testosterone aromatase produces estrogens which are thought to
be involved in affective effects (e.g., Roselli et al., 2004). Secondly, testosterone’s 5�-
reduced derivative dihydrotestosterone (DHT) can likely also induce motivational effects
(e.g. Edinger & Frye, 2005; Aikey et al., 2002). GABA is also a candidate mediator of
androgen effects on fear and anxiety (see e.g. Aikey et al., 2002). Both estrogens and
DHT can likely induce their effects through non-genomic and genomic mechanisms.

Neuroendocrine Interactions between HPA and HPG
Although there are instances where HPA and HPG activation interact cooperatively
to acutely achieve a physiological state allowing rigorous action, for instance to
serve agonistic behavior (see e.g., Salvador, 2005; Summers, 2005), there are many
indications that the two steroid axes are mutually antagonistic at the level of the
hypothalamus, the HPA and HPG glands, as well as in more peripheral tissues (see
Viau, 2002). GCs and androgens have opposing catabolic and anabolic effects on,
for example, bone and muscle development. Gonadectomy causes an upsurge in GC
production which can be reversed with androgen replacement (e.g. Seale et al.,
2004). These examples of HPG and HPA interactions concern interactions in periph-
eral tissues and at the level of the adrenal cortex and gonads, but HPA versus HPG
interactions also occur higher up in the axes at the level of the pituitary and hypo-
thalamus, involving interactions with other agents such as vasopressin, for instance
(Viau, 2002). Note that HPA versus HPG antagonism is reflected in self-reinforcing
HPA and HPG regulations of antagonistic behavior as outlined above.

1.6 HPA, HPG and selective processing of facial expressions.

The above outline of relations between motivation and the HPA and HPG axes shows
a near-perfect reflection of the motivational construct of approach versus withdrawal
motivation. HPA activity is associated with anxiety and fear and depression. It is
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implied in inhibition of dominant agonistic and sexual behavior. HPG activity, on the
other hand, is associated with fear-reduction and anxiolysis. Testosterone had anti-
depressant properties and facilitates aggression and other dominant agonistic
behaviors. Not just behaviorally, but also at the neuroendocrine level, HPA and HPG
functioning are closely interwoven in a mostly antagonistic manner. Separately, both
the HPA and HPG axes seem to influence motivation and motivated behavior in a
self-reinforcing manner. 

In paragraphs 1.1 through 1.3, my view on selective processing of facial expressions
was outlined. It was argued that fearful and avoidant motivation should be positively
related to increased processing of fearful facial expressions. Their motivational antipodes,
fearless and agonistic motivation, should be positively related to the processing of angry
facial expressions. Given the above outlined relations between steroid hormones and
motivational processes, we work from the coarse heuristic that the HPG axis can be
considered the ‘approach axis’ and the HPA axis can be considered the ‘avoidance
axis’. Already several studies from our lab were mentioned which showed that indeed
motivational predictors of cognitive processing of angry and fearful facial expressions
seem to coincide with HPA and HPG predictors of this cognitive-motivational face-
processing. Figure 1 depicts this view on endocrine factors in the expression-motivation-
response triad in human expression-responsivity.

Figure 1.1
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A schematical representation of relations between predominant endorcine-motivational characteristics
of secondary observers and how these determine emotional responsivity and responses to the
perception of facial expressions. For example, a predominantly approach motivated and HPG
active secondary observer will be characterized by greater angry and dominant, and less fearful
motivation and will display enhanced processing of angry expressions and decreased processing
of fearful expressions. Both the HPG/approach and HPA/avoidance systems are self-reinforcing:
certain motivational stances will determine agonistic and fear-responsive social behavior (as
reflected in expression-responsivity) and the mutual social conduct resulting from this interaction
seems to reinforce the endocrine (and thereby motivational) stance of this individual. The two
endocrine-motivational systems are mutually antagonistic.



HPA activity is seen as a mediator, if not the direct cause, for increased processing of
fearful facial expressions, and decreased processing of angry facial expressions. This
relation between HPA and responsivity to fear-cues is tested in chapters 3, 8, & 9 of
this thesis. Chapter 3 concerns a study of the relation between baseline cortisol and
memory for fearful faces. Chapter 8 describes a study casually testing if administration
of cortisol influences the processing of fearful faces as measured in a fearful Stroop
task. Chapter 9 describes a causal test of the relation between HPA functioning and
working memory in our spatial memory task for angry and fearful facial expressions.
Importantly, because of the abovementioned paradoxical effects acute exogenous
GC levels on motivation, both attenuation and reinforcement of avoidant motivated
processing might be expected. Based on my reading of the literature and on knowledge
of neuroendocrine mechanisms of HPA, GCs and motivation, I am more inclined to
expect the paradoxical effect: administration of cortisol should have anxiolytic, fear-
reducing acute effects. Such findings could potentially stir up a theoretical shift in
the vision on the ‘stress-hormone’ cortisol and its potential significance in neurobiological
therapeutic intervention strategies. 
Chapter 7 tests the assumption that testosterone is causally involved in increased
spatial working memory for angry facial expressions and decreased mnemonic processing
of fearful facial expressions. In addition, this study tests if testosterone can acutely
improve overall spatial working memory. Chapter 6 concerns a study testing effects of
the employed testosterone administration method on an established psychophysiological
measure of fear.

1.7 Main predictions and purposes per chapter

Behavioral and correlational studies
Chapter 2 describes a study looking further at motivational predictors of angry Stroop
performance. The study tested various -conflicting- hypotheses that can be generated
from the findings and theories outlined in paragraphs 1.1 through 1.3. In addition,
the hypothesis that masked (unconscious) Stroop performance is better predicted by
these motivational predictors than unmasked Stroop performance is tested.
Chapter 3 describes a study testing spatial working memory for neutral, happy and
fearful facial expressions and how this relates to endogenous cortisol levels. Use of
fearful faces complements an earlier study showing relations between endogenous
cortisol and performance for happy and angry facial expressions. The study also
included a 20 minute retention condition. This served to explore if possible cortisol
mediation of such motivated memory works expression-specific or similarly for various
expressions. In addition, this 20 minute condition was meant as a pilot for possible
use of this condition in later experiments.
Chapter 4 concerns two experiments testing the prediction that perception of fearful
facial expression and gaze cues should interact to result in facilitated gaze cueing
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for fearful compared to happy expressions. Additionally, the hypothesis that such
facilitated fearful gaze cueing should be related to subjects’ anxiety levels was tested.
Chapter 5 reports a study testing the hypotheses that the motivational traits seen in
hypomania should predict aberrant responding to the fearful gaze cueing task presented
in chapter 4. This was done in a small selection of students who scored extremely
high on a hypomania trait questionnaire.

Endocrine manipulation studies
Chapter 6 describes fear-reducing effects of a single testosterone administration
that was employed also in chapter 7. The study in chapter 7 tested if performance
on the spatial working memory task could be influenced by a single testosterone
administration. A general cognitive effect, showing enhancement of spatial working
memory was expected. In addition, motivational predictions were that testosterone
should induce specifically marked performance improvement for angry faces, while
inducing relatively poor performance for fearful faces. This would also provide direct
evidence of qualitatively different motivational relations to the processing of fearful
and angry facial expressions.
Chapter 8 reports a study employing a fearful masked Stroop task in a single cortisol
administration design. It was tested whether anxious motivation in subjects predicts
fearful responding on the fearful Stroop task in the placebo condition, and what the
acute effect of exogenous cortisol is on such a fearful response. 
Chapter 9 tested the effects of exogenous cortisol on performance on the same
memory task for facial expressions that is reported in chapter 7. Hypotheses were
that exogenous cortisol should affect biased performance for fearful facial expressions
in the opposite direction as for angry expressions; it was expected that preferential
processing of fearful facial expressions would shift toward preferential processing of
angry expressions.
Lastly, chapter 10 summarizes these studies and re-evaluates the status of the ideas
presented in this introduction.
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Abstract

Theoretical models concerning selective attention to emotional stimuli predict heightened
vigilance to angry faces in people with heightened trait anxiety or greater activity of
the Behavioral Inhibition System (BIS). Recent evidence from studies examining electro-
cortical lateralization and affect and studies assessing attentional biases to angry
faces however, suggest that heightened trait anger and activity of the Behavioral
Activation System (BAS) might predict vigilant responding to angry faces, whereas
social anxiety should predict cognitive avoidance of angry faces. These hypotheses
were tested in masked and unmasked emotional Stroop tasks in 34 healthy individuals.
Results from the masked emotional Stroop task verified these hypotheses. Moreover,
reliable Stroop results and relations to emotional traits were found in the masked task
exclusively. These findings confirm earlier claims that masked Stroop performance is
impervious to conscious control over the cognitive-emotional processes as measured
by the Stroop task. This implies the usefulness of masking procedures as a reliable
measurement technique in this field of research. 
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Introduction

Research into selective attention to emotionally arousing material has shown that
heightened anxiety is associated with selective attention (vigilance) to threatening
cues (for overviews, see Vuilleumier, 2002; Mogg & Bradley, 1998; Williams et al., 1996a).
Cognitive models (Williams et al., 1996b; Mogg & Bradley, 1998) predict emotion
congruent influences in selectivity and vigilance for threatening material by anxious
individuals, i.e. an attentional bias towards threatening stimuli if anxiety is the prevailing
mood state.

Usually, selective attention to emotional material is assessed with the emotional Stroop
task (Williams et al., 1996a). Vigilant responding to an emotional stimulus causes an
increase in latencies for color-naming that stimulus (interference), compared to the
color-naming of a neutral stimulus. Conversely, a decrease in latencies for color- naming
due to the stimulus’ emotional content (facilitation) is thought to arrive from avoidance
of this content. 
The angry face can be a potent naturalistic threatening stimulus and has in this con-
text been used as a fear-related stimulus. However, one should take into account the
social signaling function this expression has likely evolved to serve: to challenge
conspecifics to a dominance clash (Öhman, 1986; Mazur & Booth, 1998; Van Honk
et al., 2001). Socially anxious and submissive individuals will appraise such a display
as threatening and will yield to the dominant conspecific by breaking eye contact,
but aggressive or dominant individuals will be provoked to retaliate rather than be
scared off by this social challenge.

Eckhardt and Cohen (1997) showed how an anger induction procedure caused increased
interference for insulting words in an emotional Stroop task. It is thus to be expected
that angry and/or dominant individuals will show such vigilant responding to angry
faces. Indeed, this has been found repeatedly (Van Honk et al., 2001; Van Honk et
al., 1999; Van Honk et al., 1998). Van Honk et al. (2001) even failed to show a relation
between Stroop performance and anxiety in participants selected on extreme anxiety
scores, whereas reallocation of these same participants to high and low anger groups
did reveal the relation between higher anger and interference for angry faces.

This dominance-submissiveness construct might be captured by the broader constructs
of behavioral activation and inhibition (Gray, 1985; Carver & White, 1994). Sutton
and Davidson (1997) reported relations between BAS and relative greater left sided
anterior electrocortical activity and between BIS and greater relative right sided
anterior activity, confirming a hypothesized left-right prefrontal lateralisation for the
major affective constructs of approach and withdrawal. Harmon-Jones and Allen
(1997) confirmed the relation between BAS and left sided anterior activity and found
the same for trait anger (Harmon-Jones & Allen, 1998). d’Alfonso et al. (2000) showed
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how transient manipulation of anterior asymmetry through repetitive Transcranial Magnetic
Stimulation (rTMS) results in shifts from facilitation (right anterior dominance) to
interference (left anterior dominance) for angry faces in the emotional Stroop task.
As the left anterior cortex is associated with BAS and not BIS activity, it follows that
one should find relations between interference for angry faces and BAS, not BIS,
even though BIS is very similar to general anxiety, and some models (e.g. Mogg &
Bradley, 1998) predict vigilant attentional responding to angry faces in individuals
higher in anxiety and BIS.

BAS as measured by Carver and White’s BIS/BAS Scale consists of 3 sub-scales: BAS Fun
Seeking, BAS Reward and BAS Drive. Our BAS hypothesis is limited to the sub-scales
Reward and Drive. The construct of BAS Fun Seeking is not the kind of approach
behavior implicated in these processes. Also, in an experiment designed to validate the
BAS sub-scales, data indicated that Fun Seeking is more sensitive to reflect the inclination
to enter new situations of reward cues, whereas Drive and Reward seemed more predictive
of affect during behavioral efforts in a context of potential reward (Carver & White,
1994). BIS is a construct very similar to and sometimes equated with general anxiety
and is thus not expected to show any relation to an emotional  Stroop bias score for
angry faces (cf. van Honk et al., 2001). The construct of social anxiety on the other
hand, could well reflect the submissive pole of the dominance-submissiveness concept.
In primates, such social submission is related to higher cortisol levels, especially in times
of lesser stability in the social hierarchy when such potential clashes abound (Sapolsky,
1990). In man, higher cortisol is associated with extreme shyness (Schulkin et al., 1998).
It has been reported that greater right sided anterior cerebral activity was related to
higher levels of cortisol in Rhesus monkeys (Kalin et al., 1998) and human infants (Buss et
al., 2003), further corroborating the hypothesized link between basal cortisol, withdrawal
behavior and right sided anterior activity. Stroop responses to angry faces have also
been related to cortisol levels in man. Van Honk et al. (1998) showed how higher basal
levels of cortisol predicted a more avoidant Stroop response to angry faces. In the present
study, we thus expected that participants with higher levels of social anxiety would
show a more avoidant response to angry faces. 

There are indications that participants are capable of overriding emotional Stroop
effects (e.g. Williams et al., 1996a) and occurrence of such override strategies seems
mainly limited to unmasked presentation (MacLeod & Hagan, 1992; van den Hout
et al., 1995; Williams et al., 1996a; Van Honk et al., 1998). Responding to masked
stimuli seems to provide with an index of more automatic responding. We thus
expected any pattern of attentional bias scores from the unmasked task to be more
clearly present in the masked task. 

In summary, we predicted a positive relation between BAS Drive and BAS Reward,
trait anger and interference for angry faces and a positive relation between social
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anxiety and facilitation for angry faces. BIS and Anxiety were hypothesized to be
unrelated to an attentional bias to angry faces. We expected these patterns to be
most pronounced in the masked data.

Methods

participants
Participants were 40 healthy students. Results of 5 participants had to be discard-
ed because these participants scored too many correct responses on the awareness
check and Stroop results from 1 participant for the masked task were lost due to
software failure. Reported results are for the remaining 34 participants who provided
masked Stroop data (18 men and 16 women).

materials and apparatus
Faces used in the Stroop task were digitized, oval cut-outs of 10 neutral, 10 angry
and 10 happy faces (5 male and 5 female actors) colored transparent red, blue and
yellow, from Ekman and Friesen’s ‘Pictures of facial affect’ (1976). Happy faces were
included to check for the possible occurrence of biases for emotional faces in general
instead of the valence-specific biases we hypothesized. The Stroop tasks consisted of
90 trials; each face presented 3 times, with picture color counterbalanced across the
three face types. Onset of vocal color-naming response was recorded with a Lafayette
voice key. 
Questionnaires used were the trait versions of the State-Trait Anger Scale (STAS;
Spielberger et al., 1983) and the State-Trait Anxiety Inventory (STAI; Spielberger,
1983), the BIS/BAS questionnaire (Carver & White, 1994) and the Willems Social
Anxiety Scale (SA; Willems et al., 1973).

procedure
Participants performed either the masked task first and the unmasked task second
or vice versa, counterbalanced across subjects. Completion of a Stroop task always
lasted shorter than ten minutes. After completion of the last Stroop task, participants
performed a forced choice awareness check (masked recognition task for the faces)
to objectively test for successful masking. Participants were given a ten-minute
break between performance of the 2 tasks. After completion of the last Stroop task,
participants filled out the questionnaires. 

Stroop tasks
In the unmasked task, a fixation cross appeared for 1000 ms and after its disappearance
a face was presented and remained visible until computer registration of the vocal
response (identification of the stimulus color). After an inter-trial interval of 2000
ms, the next trial commenced. The 90 trials were run in fixed random order.
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In the masked task, faces were presented for 25 ms and immediately replaced by a
contrast rich masking pattern in the same color as the face, which remained visible
until computer registration of vocal response. Participants were instructed to name
the color of the faces or masks as fast as possible without making mistakes.

data reduction
Outlier latencies (300 ms> latencies > 900 ms and >/< individual mean latency +/- 3
standard deviations; 2.3%) were removed and the remaining trials were used to calculate
an individual’s bias scores by subtracting mean latencies to neutral faces from mean
latencies to emotional faces. A bias score >0 thus indicates interference and a bias
score <0 indicates facilitation for that emotional face type.

awareness check
To check if the masking procedure had been successful, participants performed an
objective, forced-choice awareness check. The 30 masked faces were presented again
and participants were asked to indicate whether the presented masked face was neutral,
angry, or happy. 

Results

awareness check
Chance level performance lies at 10 correct answers and binomial upper limit was set
at 15 correct answers (one-sided alpha of 5% for n=30 and �= 1/3). Five participants
scored 15 or more correct responses on this recognition test and although each
reported not to be able to identify the expressions, their data were discarded. The
remaining participants scored an average of 37% correct identifications (against 33%
chance level performance). 

All other reported tests for the remaining 34 participants were performed with alpha
set at 5%, two-tailed.

Overall latencies
For the masked condition, the mean latency to neutral faces was 668 ms (standard
deviation 79), to happy faces this was 671 ms (78) and for angry faces this was
676 ms (79). For the unmasked condition, these mean latencies were 679 ms (91),
676 ms (94) and 678 ms (87), respectively. To test if the masked condition resulted
in stronger overall bias scores, these raw latencies were entered in a 2 (Masking
Condition) X 3 (Face Type) repeated measures ANOVA. There were no main effects
of Masking Condition (F(1,33)= .292; p= .593) or face Type (F(2,32 )= 2.060; p=
.161). The Masking Condition X Face Type interaction was significant (F(2,32)=
5.636; p= .024). The effects of Face Type were F (2,32)=4.494; p= .015 in the
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masked condition and F(2,32)= .325; n.s., for the unmasked condition. 
To further examine this, paired-sample t-test were conducted between latencies to
neutral and emotional faces in both conditions.
For the masked condition, latencies to angry faces were a significant 8 ms longer
than latencies to neutral faces (t(33)= 2.979; p= .005). Latencies for happy compared
to neutral faces were however not significantly longer (t(33)= 1.237; p= .212). In the
unmasked condition, neither bias scores for angry or happy faces were significant
(largest t(33)= .760; non significant). 

correlations between task performance and trait measures
All Spearman’s correlations between traits and bias scores for the masked and un-
masked presentation conditions are shown in table 2.1. We report these less powerful
non-parametric tests for the relations between traits and bias scores for various reasons,
most importantly because we are reluctant to perform parametric testing on questionnaire
scores that likely do not meet the criterion of interval scaling

Table 2.1

masked unmasked

angry face bias happy face bias angry face bias happy face bias

BIS -.138 p= .436 -.093 p= .6 -.134 p= .451 .096 p= .588

BAS (total) .344* p= .046 -.130 p= .463 .06 p= .735 .065 p= .715

BAS Drive .553** p= .001 -.084 p= .636 -.145 p= .414 -.058 p= .744

BAS Reward .264 p= .131 -.064 p= .721 .182 p= .302 -.029 p= .873

STAS .410* p= .016 -.064 p= .720 -.146 p= .411 -.188 p= .287

SA -.349* p= .043 -.141 p= .426 .059 p= .742 .171 p= .334

STAI -.243 p= .167 .031 p= .862 -.220 p= .212 -.063 p= .722

*= p< .05   **=p< .01

Spearman’s correlations (N=34) between emotional traits and bias scores for angry and happy

faces in both the masked and unmasked conditions. Positive correlations indicate greater bias

scores are associated with stronger emotional traits. Note that significant correlations are only

found between traits and angry faces, and only in the unmasked condition. STAS= State-Trait

Anger Scale ; SA= Social Anxiety scale; STAI= State-Trait Anxiety Inventory.

Significant correlations were found solely in the masked condition. As predicted,
there were no significant correlations between either STAI or BIS and the bias for
angry faces. 
The positive correlation between STAS and bias score for angry faces is as hypothesized,
as is the positive correlation between BAS Drive and this bias. The hypothesized relation
between BAS Reward and the bias was not confirmed. Although overall BAS score is also
related to the bias, it seems obvious how this effect is carried by the strong correlation
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between BAS Drive and this bias, whereas the other two BAS subscales show no significant
correlation. A Steiger-test (which tests if dependent correlation coefficients are significantly
different in strength, see Steiger, 1980) confirmed that the stronger correlation
between BAS Drive and the bias to angry faces differed significantly from the correlation
between overall BAS (without the BAS Drive scale) and the bias (t(31)= 2.447; p= .02). 
We also tested if these data allow for the hypothesized conclusion that BAS Drive is
a better predictor for the bias to angry faces than BIS and that STAS is likewise a
better predictor than STAI. 
For BIS, BAS Drive and the bias to angry faces the test showed t(31)= 3.310; p= .004.
Thus, the relation between BAS Drive and the bias is significantly different from the
relation between BIS and the bias. Running the same test for STAS versus STAI
resulted in t(31)= 3.696; P< .001. The predictors BAS Drive and STAS for the angry
faces bias did not differ (t(31)= .833; p= .411).
Data also showed the hypothesized relation between facilitation for the angry face
and SA (rho= -.349; p= .043). A Steiger-test for SA, STAI and this facilitation for
angry faces could not confirm that SA is a better predictor of this bias (t(31)= .621;
p= .54). See figures 2.1a & 2.1b for scatter plots of the two most important correlations. 

Figure 2.1a

Figure 2.1b
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Scatter plots for the relations between BAS Drive and the bias score for masked angry faces
(panel a) and the relation between social anxiety and the bias score to masked angry faces (panel
b). Positive bias scores indicate interference. Not all data points are visible due to overlap. (n=34)



To test the hypothesis that relations between bias scores and trait measures were stronger
in the masked than in the unmasked condition, again Steiger tests were performed.
For the BAS correlations, there was no significant difference between the masked
and unmasked condition (t(31)=1.309; p= .2). However, for BAS Drive (t(31)=3.792;
P< .001) and for STAS (t(31)= 2.718; p= .011) the correlations were stronger in the
masked condition, and for SA, this was near significant (t(31)= 1.9; p= .067).

Discussion

An interesting aspect of these data is the contrast between results for the masked and
unmasked task. We expected masking procedures to exclude more conscious override
strategies to some extent, and to provide a more direct measure of truly automatic
responding, but we did not expect a complete absence of this selective responding.
The total group showed interference for angry faces in the masked but not in the
unmasked condition and of the four significant correlations in the masked condition,
three were significantly stronger (a trend for social anxiety) than their unmasked
counterparts. Theoretical importance of this phenomenon is formulated by Williams
et al. (1996). They suggest that mood-controlling strategies capable of overriding
Stroop effects might reflect an aptitude for control over emotional cognition. It is
hypothesized that a lack of this ability to control the intrusion of emotion on cognition
is of causal importance in psychopathology. These authors predict that such override
strategies should be unlikely in response to masked presentation, referring to data
by MacLeod and Hagan (1992), replicated by van den Hout et al. (1995) and most
recently by Pury (2002) (all three studies used Stroop tasks with emotional words).
These studies showed how masked Stroop data were valid predictors of real-life
emotional behavior in response to stress whereas unmasked Stroop data were not.
Van Honk et al. (1998) also reported indications of this dissociation between masked and
unmasked Stroop performance using emotional faces. The present data contribute to
this growing body of evidence suggesting the methodological importance of using
masking procedures to obtain less reactive measurements in this field of research. 

data for the masked task
None of the traits correlated with bias scores for the happy faces, allowing valence-
specific interpretation of all bias scores for angry faces.
The relation between trait anger and interference for angry faces confirms our hypothesis
and replicates earlier findings (e.g. Van Honk et al., 2001). 
As hypothesized, there was no significant relation between anxiety and Stroop performance,
whereas social anxiety was significantly related to facilitation for angry faces. Our
relation between responding to angry faces and social anxiety concurs with observations
of relations between cortisol levels and behavior during social clash in primates and the
finding that in man, higher cortisol levels predict facilitation in response to angry
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faces (Van Honk et al., 1998). Thus, indeed these data seem to indicate that social
anxiety is a good predictor of selective attention (i.e. avoidance) to angry faces, con-
firming our hypothesis and refining models predicting relations between anxiety and
vigilant responding to generally threatening cues. We could not confirm that social
anxiety is a better predictor than anxiety, but note that we did not find any relation
between anxiety and a bias for angry faces. This cognitive avoidance of angry faces
is the dimensional counterpart of the interference shown by more angry individuals.
We argued that this dimension is social in nature, related to dominance and willingness
to defend status. Along with aforementioned rTMS results (d’Alfonso et al., 2000),
this notion of a basic motivational dimension of approach and withdrawal invited
us to hypothesize similar results for anger versus anxiety as for BAS versus BIS.
Indeed, higher BAS was, as higher trait anger, associated with more interference for
angry faces, confirming our conceptualization of the anger effect. 
The just significant correlation between total BAS score and interference for angry
faces resides in only one of the 3 BAS subscales: BAS Drive. Note that we did not
expect BAS Fun Seeking to show a relation to this interference. BAS Drive, which is
conceptually most eligible for this relation does indeed show the expected pattern.
BAS Reward shows no relation either, although we did expect this approach-driven
construct to show such a relation. It should be noted that in the Carver and White
(1994) validation test of BAS sub-scales, BAS Drive was the best predictor of
approach behavior in potentially rewarding situations (Carver & White, 1994; pp.
330). A recent study by Harmon-Jones (2003), relating various trait measures of
anger to the BIS/BAS constructs showed that BAS Drive was related strongest to
anger, with no significant relations for BAS Reward and BAS Fun Seeking, which
concurs with the behavioral data presented here. The present data indicate that BAS
Drive is a better predictor than BAS overall although BAS Drive is no better predic-
tor than anger. The confirmation of our BAS hypothesis is interesting because there
are no items referring to anger or aggression in the BAS (Drive) scale. Verification of
our hypothesis that BAS should be related to interference for angry faces (as is trait
anger), supports the validity of our explanatory heuristic in addition to hypotheses
predicting vigilant processing of emotional faces who’s valence concurs with prevailing
emotional states (such as the mood congruency hypothesis). 

BIS was expected not to be related to Stroop performance for angry faces and this
prediction was also confirmed. This lack of results for BIS is all the more interesting
since BIS is conceptually related to anxiety (and strongly correlated to anxiety in this
study, rho= .48; P< .004). An important model (Mogg & Bradley, 1998), referring to
Gray’s BIS model, predicts vigilance to threatening cues in individuals higher in anxiety.
This model is based substantially on data from dot probe studies that showed such
automatic shifts of attention towards angry faces in participants with higher levels
of anxiety. We have no ready explanation for the discrepancy between results from
this spatial dot probe task and the non-spatial Stroop task. The present data show
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that the constructs of interest with respect to selective attention to angry faces as
measured by the Stroop task, are BAS and anger, not BIS and anxiety.
Caution should be taken in interpreting specifically our null-findings on anxiety and
BIS because our sample size is relatively small. The reduced statistical power this
implies, reduces the chance of finding significant small correlations or differences
between small correlations, and it is possible that we would have found some relations
to anxiety and BIS in a larger sample. 

In summary, this study extends confirmation of a heuristic to predict selective attention
to facial threat from a more ecological conceptualization than models predicting such
responding in terms of generally threatening stimuli. We do not question these models,
but stress the importance of considering the social nature of the angry facial expression
in this research. It might be wise to employ the fearful facial expression instead of
the angry face when researching relations to anxiety (Vuilleumier, 2002; Whalen,
1998). These findings also provide further indications of the usefulness of masking
procedures in research employing tasks measuring selective attention.  
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Abstract

Elevated levels of the stress hormone cortisol are associated with increased episodic
memory for emotional events. Elevated levels of cortisol are also seen in anxiety and
depression disorders. Because it is well documented how both depression and anxiety
are related to valence-specific biases in attention and memory, the present study
sought to establish relations between basal cortisol levels and episodic memory for
neutral, positive and negative stimuli. Thirty-nine healthy young women performed
an immediate recall and long-term (20 min) version of a task measuring spatial
memory for neutral, happy and fearful faces. The sample as a whole showed a
valence-specific better performance for happy faces than for neutral faces in the
immediate recall condition, and a better performance for all emotional faces in the
long-term condition. Salivary cortisol measures were found to be related to better
memory for emotional faces in the long-term condition. This relation to cortisol was
not valence-specific and 
is similar to effects predicted by a model on long term consolidation and the influence
of cortisol in this process.
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Introduction

A wealth of experimental evidence has established that episodic memory favours emotionally
arousing material. In human research this has been established for emotional words, pictures
and movies (for reviews, see Cahill & McGaugh, 1998; Hamann, 2001). Functionally, this
is plausible, since emotions can be described as attentional and physiological states that
are elicited by primary biological rewards and punishments or any internal or environmental
stimulus associated with reward and punishment through a process of reinforcement learning
(Rolls, 2000). It is obvious that for a system of emotion to function, there should be potent
mechanisms for preferential encoding, consolidation and/or retrieval of environmental
information associated with such reinforceing qualities. 
Whereas some predict better cognitive performance for emotionally arousing stimuli
in general, be it of positive or negative valence (McGaugh, 2000; Roozendaal, 2000),
others predict valence-specific and appraisal-specific biases in attention (e.g. Mansell
et al., 1999; Van Honk et al., 2001) and memory (e.g. Bower, 1981; Mogg & Bradley,
1998). From a functional viewpoint, a stronger mnemonic bias towards negatively
valenced stimuli seems more probable, as is the case for selective attention to emo-
tional stimuli (e.g. Öhman et al., 2001), since the failure to adequately process valid
predictors of punishment would likely result in less evolutionary fitness than failures
to attend to non-arousing or positive predictors (Öhman et al., 2000). 
Looking at the neural bases of the processing of emotional stimuli, the amygdala is
responsible for attentional and autonomic activation in relation to the perception of
emotional stimuli (e.g. Rolls, 2000). When aversive, stressful stimuli are perceived, the
amygdala signals the paraventricular nucleus of the hypothalamus to initiate the release
of cortisol through the Hypothalamus-Pituitary-Adrenal (HPA) axis. This results in release
of the stress hormone cortisol. Through the modulating actions of the stress hormones
cortisol and adrenaline in the basolateral nucleus of the amygdala and the hippocampus,
memory for emotional events is enhanced (McGaugh, 2000; Roozendaal, 2000; Cahill &
Alkire, 2003). Both human and animal studies show that memory for emotional, but not
for neutral stimuli is influenced by the stress hormones (O’Carroll et al., 1999; McGaugh,
2000; Roozendaal, 2000; Buchanan & Lovallo, 2001; Cahill & Alkire, 2003). 
Because pathological anxiety and depression are associated with enhanced attention
to and selective memory of negative emotional stimuli, and because these pathologies
are usually associated with elevated levels of cortisol and/or central corticotoprin
releasing hormone, we hypothesise that mnemonic biases in memory as related to
cortisol, can be valence specific. Tops et al., (2004) and Van Honk et al. (2003) indeed
showed valence-specific biases in memory to be related to cortisol. Nevertheless,
Buchanan and Lovallo (2001) convincingly showed that both negative and positive
information is better consolidated after post-learning administration of cortisol.
Consolidation is of course just one factor of importance. Only information initially
encoded can eventually be consolidated, and factors influencing selectivity during the
retrieval process greatly influence what consolidated information is finally reported
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(Singer & Salovey, 1988). Selective attention plays a crucial role in both these processes.
It has been well established that emotional traits and states influence the cognitive
mechansims responsible for the allocation of (spatial) attention in a valence-specific manner
(for an overview, see Vuilleumier, 2002). A well-known phenomenon in the field of selective
attention, as mentioned earlier, is the greater impact of negative over positive information.
Much of the valence-specific results are related to mood-congruency; attentional preference
to stimuli of which the valence concurs with prevailing emotional states. Research in
memory for emotional material –at least at relatively short retention intervals- provides
similar results (most recently Ridout et al., 2003). Van Honk et al. (1998) found evidence
for basal cortisol-dependent, valence specific attentional biases to pictures of emotional
faces. Hypercortisolism is associated with several anxiety and depressive disorders (e.g.
Kirschbaum & Hellhammer, 1994; Kara et al., 2000; Wedekind et al., 2000) which are
thought to be characterized by enhanced selective attention to, and memory for, negative
stimuli (Mogg & Bradley, 1998). Most studies in human emotional memory identifying
the role of cortisol in the process of consolidation have employed designs wherein cortisol
is acutely administered. However, anxiety and depression disorders that are characterized
by aberrant selective cognitive performance for emotional stimuli one often characterized
by chronic hypercortisolism. By measuring influences of endogenous pre-task cortisol
levels on emotional memory, we hope to identify relations of influence in the etiology
of these pathologies. Van Honk et al. (2003) recently investigated the relation between
basal cortisol levels and encoding of negative and positive facial expressions and found
indices of cortisol-related selectivity. This immediate recall task likely measured the
influence of cortisol on the encoding phase and the results corroborated earlier findings
on the influence of basal cortisol on performance on a task measuring selective attention
to these same stimuli (Van Honk et al., 1998). In the current study, we sought to replicate
and extend these attentionally modulated effects by using a different negative stimulus,
the fearful facial expression, and by extending the procedure to include a measure of
long-term memory (20 min retention interval). Again, basal cortisol levels were estimated
from pre-task saliva samples. 
The task employed, the Face Relocation Task (the FRT), is a modification of the Object
Relocation Task (Kessels et al., 1999). A 2D configuration of a number of faces scattered
across a grid is presented on a computer screen. After a delay period, the performance
on spatial relocation of these faces is measured. 
There are several benefits to employing emotional facial stimuli in this study. Some
researchers consider facial expressions to be more emotionally arousing than words
(Bradley et al., 1997). Also, once perceived and semantically decoded, lexical stimuli need
not be attended to further (Mogg & Bradley, 1998), whereas extraction of all available
information from facial expressions does require longer, more elaborate and detailed
encoding. In visuospatial paradigms measuring attention or memory then, the use of
facial expressions should enhance ecological validity and more and more emotion
researchers employ facial stimuli (for a recent review, see Vuilleumier, 2002). Specifically
the fearful expression, is known to be quite emotionally arousing (e.g. Whalen, 1998).
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For the immediate recall condition, we hypothesized better retention of happy faces as
compared to neutral faces and we hypothesized better retention of fearful faces as
compared to neutral faces. We also expected the bias for fearful faces to be stronger than
the bias for happy faces. Additionally, we expected valence-specific effects of cortisol.
Specifically, we predicted that participants with higher levels of cortisol would show a
stronger bias for fearful faces than for happy faces. We also expected participants with
higher levels of cortisol to show a bias against positive faces compared to participants
with lower levels of cortisol, thus replicating Van Honk et al. (2003).
For the delayed condition, two classes of competing hypotheses could be formulated.
Possibly, the participant group as a whole, with likely moderate basal cortisol levels, would
show the same valence-specific stronger bias for fearful faces. For the influence of cortisol
we explored the possibility of the same valence-specific cortisol-related biases after a short
consolidation period as in the immediate recall condition. However, it is well possible that
such encoding effects will not outweigh the effects of cortisol in such a consolidation
period, i.e. the strengthening of memory for all emotional face types, fearful and happy.

Methods

Participants
Participants were 40 healthy young women recruited for voluntary participation on the
university campus. Only drug-free, non-smoking, healthy young women were invited to
come to the laboratory after 1300h and before 1600h on a day within their follicular
phase. Participants were required to refrain from eating and drinking for at least 90 mins
before their arrival in the laboratory. Data from one participant were lost due to soft-
ware failure. The remaining 39 participants ranged from 18 to 34 years of age with a
mean age of 20.8 years (standard deviation 2.8). On the day of testing, the median for
the number of days into their new menstrual cycle was 7, ranging from 1 to 12. All
participants were paid a small compensation for their participation. The study was approved
by the local ethical comittee and all participants provided written informed consent.

Facial Relocation Task and stimulus material
The memory task was programmed in the Object Relocation Program (Kessels et al.,
1999) and run on a MS Windows’98 system with a 17” CRT monitor at a resolution
of 640x480 pixels. Faces used were adapted pictures of 12 actors (six male and six
female) posing the various emotional expressions (neutral, fearful and happy), taken
from the Karolinska Directed Emotional Faces set (Lundqvist et al., 1998). 

Questionnaires
Participants filled out computerized versions of the BIS/BAS scale (Carver & White,
1994) and the trait version of the State-Trait Anxiety Inventory (STAI; Spielberger &
Sydeman-Summer, 1994).
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Procedure
Upon arrival at the lab, participants were given time to get acquainted with the
experimenter and the test set up. They were informed about coming events and saliva
samples were then taken. All saliva samples were thus collected between roughly 1315h
and 1615h. Citric acid was used to stimulate saliva flow and participants were
required to donate 8 ml of saliva in a plastic tube. They were left to their own privacy
while collecting the sample. Participants were left alone in a separate experimental
room where the memory task was conducted fully computerized. Trials were run in
direct succession. The questionnaires were filled out during one of the 20 min retention
intervals and an unrelated verbal attention task (reported elsewhere) was performed
during the other 20 min retention interval. Literature was available in the experimental
room for obligatory reading by the participant in the remaining idle retention time.
To minimize the chance that participants would actively rehearse memory of the stimulus
material, they were instructed not to rehearse, but instead to read a bit in the available
literature. Before testing commenced, they were told that it seemed a difficult task
but that they probably performed better than they thought.

Memory task
Per trial, six faces were presented in a 4 X 4 grid which remained visible for encoding
for 30 s. Each trial presented the faces of six different actors, three of which with their
neutral expression and 3 with either their happy or fearful expression. For both retention-
conditions (immediate recall and 20 min retention interval), both emotional categories
were presented, resulting in a total of four trials. After the 30 s encoding phase, the grid
would re-appear empty with the six faces presented in a horizontal line above the
grid and the participants could relocate the faces to their position by dragging them
with the computer mouse (see Figure 1). All participants performed the same 4 trials
in the same order (neutral-happy trials first and neutral-fearful trials second; immediate
condition first and delayed condition second).

Figure 3.1

An example of the learning phase of an FRT trial. The vertical bar on the left continuously indicates the
time left for learning. In the recall phase, the empty grid is presented with the faces shown on a hori-
zontal line above the grid. Participants can relocate the faces with the computer mouse (‘drag and drop’).

60 CHAPTER 3 | SALIVARY CORTISOL AND SHORT AND LONG-TERM MEMORY FOR EMOTIONAL FACES IN HEALTHY YOUNG WOMEN



Participants could take as long as they wanted for this relocation and could always
make corrections. After their confirmation of the relocation, the next trial was presented.
Participants were told to ‘try and relocate the individual faces to the position they
occupied previously’. No explicit mention was made concerning the emotionality of
some of the faces.
In the FRT one can analyze performance using two different, partially overlapping
constructs. The most difficult is the measure of Identity (ID) which counts how
many of the individual faces are relocated correctly. The Valence measure (VAL)
counts how many faces are relocated to a location previously occupied by a face
with the same expression, irrespective of the identity of the face. By ascertaining
these scores for neutral and emotional faces separately, one obtains performance
measures per emotional expression, allowing comparisons between memory for
neutral and emotional expressions.
Piloting indicated that the task is too difficult to use the ID measure in delayed
recall. In the present study, participants performed two trials in the immediate recall
condition and two trials in a condition with a 20 min retention interval during which
active rehearsal was precluded. For the immediate recall condition, both the ID and
VAL measures were analyzed, but only VAL was analyzed for the 20 min condition. 

Analyses
All statistical tests mentioned employed a two-tailed alpha of .05.

Cortisol
Salivary cortisol levels were determined without extraction at the Department of
Endocrinology of the Utrecht Medical Center using an in-house competitive radio-
immunoassay (RIA) employing a polyclonal anticortisol-antibody (K7348). Following
chromatotographic verification of its purity, 1,2-3H(N)-Hydrocortisone (NET 185,
NEN -Dupont, Dreiech, Germany) was used as a tracer. The lower limit for detection
is 0.5 nmol/l. 
The mean cortisol score was 10.17 (standard deviation 3.41) and ranged from 5.3 to
18 nmol/l. In order to test for performance differences related to cortisol, we constructed
two groups, those scoring below the median cortisol level (low CORT group) and
those scoring above the median (high CORT group). The mean cortisol level for the
low CORT group (n=19) was 7.6 (standard deviation 1.1) nmol/l and for the high
CORT group (n=19) this was 12.8 nmol/l (standard deviation 3.0). Reference values
for healthy adults are 4-28 nmol/l. One participant’s salivary cortisol level had the
exact median score and consequently could not be allocated to either CORT group.

Questionnaires
Mean score for STAI was 37.5 (standard deviation7.2), mean score for BIS was 14.3
(standard deviation 3.6) and mean score for BAS was 23.3 (standard deviation 4.5).
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Trait measures and cortisol
There were no correlations even nearing significance between traits and cortisol and
therefore questionnaire-scores were left out of further analyses.

The FRT
Immediate recall condition
To test for differential performance for different expressions in all subjects, planned
comparison paired samples T-tests were conducted to test differences in performance
separately for the ID and VAL measures.
Results are displayed in Table 3.1.

Table 3.1.

VAL ID

immediate recall t(38) p immediate recall t(38) p

happy – neutral 2.36* .023 happy – neutral 2.403 * .021 

2.79 (.40)  2.66 (.52) 2.66 (.70)  2.35 (.81)

fearful – neutral fearful – neutral -1.579 .123

2.46 (.78)  2.69 (.56) -1.86 .071 2.07 (1.01)  2.38 (.96)

20 minute delay

happy – neutral 3.61 ** .001

2.12 (.69) 1.79 (.92)

fearful – neutral 2.36 * .023

2.15 (.93)  1.89 (.91)

emotional – neutral 4.33 *** <.001

2.14 (,59)  1.84 (.53)

* = significant at �= .05  ** = significant at �= .01  *** =siginificant at �= .001

Paired-samples T-test comparisons between scores on neutral and emotional faces faces for the
immediate recall condition and the 20 min delay condition for the VAL and ID measure.
Numbers in the first and fourth column present the means and standard deviations to the means
of the raw data per condition. ID performance for the 20 min delay condition was not calculated.
Positive t-scores indicate better performance for emotional than for neutral faces.

As can be seen from Table 1, both the ID and VAL measure reflect a tendency for
performance for fearful than for neutral faces, but this was not significant. On both
the VAL and ID measures happy faces are relocated better than neutral faces. To specifiy
this apparent face type-specific effect, bias scores were computed for the happy and
fearful faces. By subtracting performance for neutral faces from performance for
emotional faces (happy or fearful), one obtains a score which signifies better performance
for emotional faces than for neutral faces when the score > 0. When ID and VAL
bias scores for happy and fearful faces were compared, the difference proved significant
(t(38)= 2.428; p= .020 for ID and t(38)=2.483; p= .018 for VAL).

62 CHAPTER 3 | SALIVARY CORTISOL AND SHORT AND LONG-TERM MEMORY FOR EMOTIONAL FACES IN HEALTHY YOUNG WOMEN



To test for relations to cortisol, performance on both measures for neutral, happy and
fearful faces were tested in an independent t-test with CORT group as independent
variable. No significant group differences were found (all T's smaller than 1.516; P> .138).

Twenty min condition
To test for differential performance per expression type, again planned comparison paired
samples T-tests were performed, this time only for VAL. Results are displayed in Table 1.
Both fearful and happy faces were remembered significantly better than neutral
faces after 20 min. To test for differences between these two biases, the bias scores
for happy and fearful faces were compared in a paired samples T-test. The biases did
not differ from one another in strength (t(38)= .517; p= .608). Because happy and
fearful faces were thus relocated equally better than neutral faces, we averaged per-
formance for fearful and happy faces. This resulted in a more reliable performance
difference between neutral and emotional faces. 

To test the differences between performance for the VAL measure in the immediate
and 20 min condition per expression, a two (Retention Interval) X three (Face Type)
within-subject repeated measures ANOVA was performed (performance for neutral
faces in the two trials per time condition were averaged). There was a crucial
Retention Interval X Face Type interaction (F(2,37)= 6.43; p=.016). Although for
both happy and neutral faces T-tests showed signifcantly poorer performance in the
20 min condition than in the immediate condition 
(t(38)= 5.39; P< .001 and t(38)= 8.68; P< .001 for happy and neutral faces respectively),
there was no significant performance difference between the immediate and 20 min
condition for the fearful faces (t(38)= 1.70; p= .092).

To test for relations to cortisol, performance for neutral, happy, fearful and performance
for emotional faces (happy and fearful faces averaged) were tested in an independent
t-test with CORT group as independent variable. The only significant effect of CORT
group is on the performance for the compound variable of emotional faces. Emotional
faces are relocated better in the high CORT group than in the low CORT group
(t(36)= 2.11; p= .042). For the other three variables all T's were smaller than .116; P> .11.

Discusion

The present study examined cortisol-related selective cognitive processing of emotional
faces in a task designed to measure long-term memory and attentionaly modulated
short-term memory. Predictions were based on theoretical considerations and results
obtained in an earlier version of this task. 
The hypothesis that the participant sample as a whole would show enhanced per-
formance for happy faces in the immediate recall condition was confirmed. This
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superior performance concurs with findings of attention to emotional stimuli and
likely reflects the effect of selective encoding through the greater attention auto-
maticaly drawn to these emotionally arousing stimuli, the so-called ‘Pollyanna principle’
(Matlin & Stang, 1978). The same performance benefit for happy faces in healthy
participants is reported by Ridout et al. (2003) among others. 
For the long-term condition, the pattern of results showed increased performance for
both happy and fearful faces over the performance for neutral faces, as hypothesized.
Data did not confirm a greater bias for fearful than for happy faces, contrary to our
hypothesis. However, significant performance drops for the neutral and happy faces
were found between the immediate and long-term condition, but not for the fearful
faces. Thus, although the bias for fearful faces did not differ in strength from the
bias to happy faces in the long-term condition, memory of the fearful faces does
seem relatively insensitive to the natural decay over the 20 min timecourse. 
For the purported influence of cortisol, we pitched a valence-specific hypothesis
against a non-specific hypothesis of enhanced long-term memory for any emotional
faces versus neutral faces. The data could not support a valence-specific prediction,
but there was a relation between cortisol and increased performance for a compound
variable of happy and fearful faces. This is similar to results presented by Buchanan
and Lovallo (2001). This enhanced mnemonic performance for emotional faces in our
participants with higher levels of cortisol cannot a priori be attributed solely to cortisol
induced ehanced consolidation (McGaugh, 2000; Roozendaal, 2000). For one, our
design explicitly measures the naturalistic co-occcurence of encoding/retrieval and
consolidation factors. However, there was no relation with cortisol and performance
for emotional faces in the immediate condition, and therefore this relation between
cortisol and long-term retention of emotional faces may be sought in processes
operating during consolidation. 
In this modified design of the immediate recall task, no relation was found between
salivary cortisol measures and selective processing of happy faces, as was reported
in an earlier study (Van Honk et al., 2003). An explanation could lie in the fact that
the earlier study was done in an all-male sample, whereas the present data were
gathered in an all-female sample. It is known that men, contrary to women, find
positive stimuli more arousing than negative stimuli (Bradley & Lang, 2000). Further
research will have to ascertain whether or not the earlier finding of mood-congruent
selective avoidance of happy faces in people with higher levels of salivary cortisol is
a robust finding. 
The present data also did not confirm our hypothesis of vigilant, superior processing
of fearful faces by participants with higher levels of cortisol in the immediate recall
condition. There is in fact a trend for worse performance on these negative faces in
the participant sample as a whole. 
A potential problem with the study of cognitive biases for threatening emotional
material is that of cognitive avoidance. It is thought that the relation between stimulus
threat level (interactively determined by the trait and/or state anxiety of a person
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and the stimulus intensity itself) and selective attention to that stimulus is non lineair
(Mogg & Bradley, 1998). Healthy persons confronted with an only mildly threatening
stimulus would do well to avoid extensive processing of this stimulus in order to
protect their mood and to prevent unnecessary and dysfunctional habituation to
threat. Only when the threat level becomes high enough to demand immediate coping
does enhancement of stimulus processing occur (Mogg & Bradley, 1998; Mogg et
al., 2000). The functioning of this phenomenon of mood protection as encountered
in studies of selective attention is hypothesized to play a role in the maintenance of
a healthy balance between functional attention and dysfunctional hypervigilance
(Martin et al., 1991). Our unselected sample showed only moderate levels of cortisol
and trait anxiety (mean cortisol for our high cortisol group was 12.8 nmol/l and their
mean trait anxiety was 37.6; both well within the range of healthy individuals). The
Mogg and Bradley (1998) model predicts that only those with rather high levels of
anxiety-related measures should respond vigilantly to the threatening stimuli and
those with moderate and lower levels of anxiety-related measures might even avoid
their processing. In our immediate condition, there is no confirmation of increased
vigilance and even close to significant avoidance for the fearful faces. Given the
present results in the 20-min delay condition, in which happy and fearful faces were
remembered better than neutral faces, a theoretically meaningful explanation for the
worse performance for immediate recall of fearful faces is called for and this concept
of mood protection strategies seems a good candidate. Future research studying a
sample with a larger range of cortisol and/or anxiety levels should clarify this.
At least in our sample of moderate cortisol, it seems that valence specificity does not
occur in long-term retention measures. To our knowledge, this is the first study
investigating the role of basal cortisol levels in long-term memory for emotional
faces and the data provide meaningful questions for future research.
It should be noted that our long-term retention interval of 20 mins is quite short.
Obviously, we measured long-term memory, but the mechanisms described in the
Roozendaal/McGaugh model of cortisol's mediation of consolidation of emotional
information, might require longer consolidation periods as these effects take place
through the slow proces of gene expression. Few studies have been done so far into
cortisol and emotional memory over shorter periods of retention (Tops et al., 2004; Van
Honk et al., 2003) and this has been behavioral research. Although the present study
shows effects as predicted by the Roozendaal/McGaugh model, the specifics of the neural
processes are not clear. If increased cortisol levels causally effectuated the better retention
of emotional material in this study, it seems likely that it did so through the fast mechanisms
of activation via cell-surface receptors. Given the assumption that our salivary cortisol
measures reflect tonic cortisol levels in our participants, interactions with organising
genomic effects of cortisol are undoubtedly also at play.
The present study was performed with female participants and, as noted, the results
did not confirm an earlier finding of worse memory for happy faces in participants
with higher levels of cortisol. Another potential weakness of this study is the reliance
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on single saliva samples at one point in time to assess basal cortisol levels. Lastly,
although results are based on within trial comparisons, it can not be ruled out that
the fixed trial order may have influenced the results for happy versus fearful faces. 

In summary, the present data indicated a bias for happy faces in the immediate condition
and equally strong biases for happy and fearful faces in the delayed condition. Also,
higher cortisol was related to better long-term memory for generally emotional faces.
The addition of the VAL measure makes the Face Relocation Task a sensitive instrument
to relate salivary cortisol to short and long-term memory for emotional faces.
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Abstract

This study investigated in two experiments if reflexive cueing of attention that occurs
after perception of a gaze cue is greater for fearful than for happy faces in normal
participants, as hypothesized from a social neuroscience perspective. To increase
neuro-ecological validity, dynamic stimulus presentation was used, displaying faces
that simultaneously morphed from a neutral into a happy or fearful expression and
shifted eye gaze from the center to the periphery. Additionally, it was hypothesized that
shifts of attention resulting from a natural fearful gaze would be related to participants’
anxiety traits, as another instance of the often found increased selective attention
to threat in anxious participants. Both hypotheses were confirmed: fearful faces
induced stronger gaze cueing than happy faces, and the strength of this cueing
effect was correlated to participants’ anxiety levels. These results suggest a neural
network, which integrates the processing of gaze, expression, and emotional states
to adaptively prime vigilance under threatening circumstances.
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Introduction

To successfully navigate the gauntlet of our complex social environment, it is important
that we correctly interpret cues to the intentions of others, and respond to them
adaptively. Human natural selection has created specialized innate faculties to regulate
these complex interpersonal processes (Adolphs, 2003), such as a complex superficial
musculature that functions to communicate our intentions and motivations to conspecifics
by means of facial expressions (Fridlund, 1994). Cross-cultural recognition of facial
expressions (Ekman et al., 1987), and also the developmental course of the perception
of facial expressions reflect an innate apparatus (e.g., Field et al., 1982). Neuro-
psychological research has identified specialized neural structures devoted to encoding
of the identity of faces or facial expressions (Haxby et al., 2000). Facial expressions are
potent visual cues to investigate how the processing of emotionally relevant information
is given priority over other perceptual and attentional processes (Vuilleumier, 2002a).
There are however, substantial individual differences in the processing of emotional
facial expressions. Depending on their cognitive-emotional or neuroendocrine state,
individuals will show enhanced or reduced processing of certain facial expressions.
For example, attentional capture by threatening faces, as measured by the emotional
Stroop task, is stronger in people with higher levels of anger, and other approach
related motivations (Putman et al., 2004; van Honk et al., 2001). Fearful faces also
capture attention in this task, and this effect is reduced by administration of the
anxiolytic hormone testosterone (van Honk et al., 2005). Concerning spatial attention
to threat, a host of research has established both preferential processing of threatening
stimuli, and modulation thereof by motivational traits and states of the observer
(e.g. Mogg & Bradley, 1998; Mogg et al., 2000; Fox et al., 2001; Yiend & Mathews,
2001; Fox et al., 2002; Wilson, & MacLeod, 2003; Koster et al., 2004a; 2004b;
Miltner et al., 2004;). The deployment of spatial attention has three cognitively and
neurally discernable component processes. Before a new location can be engaged,
attention has to be disengaged from the previously attended location and moved to
the new location (Posner et al., 1987). Motivational influences on the global process
can entail inhibited disengagement and facilitated engagement. Whereas previous
research has clearly established influences of stimulus valence and motivational
observer characteristics on the global process of selective spatial attention, only recently
have reports emerged that disentangle these influences on engage and disengage
components separately. Although some direct evidence has been found for involvement
of engage components in motivationally selective attention (Koster et al., 2004a), a
majority of these papers report only evidence for effects on the disengagement of
attention (Fox et al., 2001; Fox et al., 2002; Yiend & Mathews, 2001). It seems then
that motivational modulation of engagement of spatial attention is possible, but
hard to measure reliably across methods. 
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In the last few years, a phenomenon has been studied that might provide a new tool
for measuring the interaction between emotional state and processing of facial
expressions. Studies looking at spatial cueing of attention3 after perception of
another’s gaze also reflect the unique status of the face stimulus and how its perception
and attentional processing seem hardwired into the human brain (Langton et al., 2000). 
A host of studies have looked at the ability of gaze perception to reflexively cue
attention to a peripheral location in the visual field (see e.g. Friesen & Kingstone,
1998; Driver et al., 1999; Langton & Bruce, 1999; Ristic et al., 2002; Friesen et al.,
2004). These studies all employed variants of a basic design: participants have to
respond as fast as they can to a peripheral target presented shortly after presentation
of a centrally located gaze cue (e.g., eyes gazing towards the side). In the remainder
of this paper, the actor who perceives an event of interest in the periphery and gazes
toward that location will be designated the ‘primary observer’, and the person who
perceives this social cue will be referred to as the ‘secondary observer’. So, as an
example, when Tom spots an approaching predator and apprehensively looks in its
direction and Harry only sees Tom fearfully looking aside, then Tom is the primary
observer and Harry is the secondary observer. Typically, it is found that the response
to the peripheral target is enhanced by a gaze cue towards that location (a valid
cue), whereas an invalid cue leads to response latencies that are comparable to
latencies in response to un-cued trials. At short cue to target onset asynchronies
(CTOA’s), this happens in spite of cue-target contingencies that make it strategically
unnecessary to utilize the cue (e.g., a 50% validity in which the cue provides no
helpful information), and even at contingencies which predict that the target is
actually more likely to appear in the un-cued location (e.g., Friesen et al., 2004).
Such facilitating effects for unpredictive cues are found at CTOA’s that are considered
too short to allow strategic orienting of attention (as short as 105 ms for instance;
Friesen & Kingstone, 1998). Contrariwise, larger CTOA’s typically fail to result in a
cueing effect if the cue is unpredictive (e.g. Langton & Bruce, 1999). This is precisely
what should happen, given that these longer CTOA’s allow enough time to employ
a strategy based on the explicit knowledge concerning the cue-target contingency,
and attests to the reflexiveness of the unpredictive cueing effect after short CTOA’s.
The interpretation of these findings is that perception of gaze acts like an exogenous
cue that cannot be suppressed. Vuilleumier (2002b) even reported how perception of
gaze cues experimentally reduces unilateral spatial neglect in patients with damage to
the parietal cortex. Event related electroencephalography data have shown that perception
of gaze cues leads to enhanced early evoked visual potentials in the extrastriate cortex
in response to validly cued targets, reflecting facilitated visual processing of gaze cued
locations (Schuller & Rossion, 2001).
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There is also evidence that gaze can modulate the emotional reaction to facial
expressions; an expression-categorization experiment by Adams and Kleck (2003)
showed that approach related expressions are recognized faster when they gaze
straight ahead, whereas avoidance related expressions are processed faster when
gazing to the side. Sato et al. (2004a) provided behavioral evidence that angry faces
looking straight at a secondary observer elicit a more intense emotional judgment
than angry faces with averted gaze. Even more interestingly, their fMRI data showed
that the left amygdala responded more to the angry faces making eye contact with
the secondary observer, and that this amygdala activity was positively related to the
judged emotional intensity. These data support the notion that an important function
of the amygdala is to decode the emotional significance of perceived facial expressions,
wherein gaze direction is of pivotal influence. Earlier neuroimaging studies have
identified increased activation in the superior temporal sulcus (STS) and the amygdala,
in response to perception of gaze cues (Hooker et al., 2003). The STS is associated
with the perception of the changeable features of faces such as eyes, the mouth, and
also facial expressions (Haxby et al., 2000) and projects onto the amygdala, which
then orchestrates emotional reactions via projections to brainstem, prefrontal cortex,
and other structures implicated in the physiological and behavioral manifestations
of emotion and attention. Although the superior colliculus is of pivotal importance
in classic exogenous orienting of attention (the reflexive orienting of attention to a
peripheral location where a sudden visual event occurs), Friesen and Kingstone (2003)
provided data suggesting that this structure is not involved in gaze cueing, and
these authors conclude that gaze cueing operates at least partially via a different
neural network than seen in classic exogenous cueing. 

The functional role of the STS in both gaze detection and expression recognition,
its projection to the amygdala, the amygdala’s affinity with fearful facial expressions
specifically (Whalen et al., 1998), and its selective responding to interactions between
expression and gaze direction, together provide a neuroanatomical basis for a functionally
inspired hypothesis: processing of perceived gaze and processing of perceived expression
must interact, such that stronger gaze cueing will result from perception of fearfully
gazing expressions. 

There seems little reason to assume that just any expression will interact with gaze
cues. The functional advantage of enhanced cueing by an angry face gazing aside
(as compared to a laterally gazing neutral face), for instance, seems unclear. The
angry face conveys a threat but the threat is not directed at the secondary observer;
eye-to-eye gaze is in fact part of the prototypical threat signal in several primates
(e.g., Emery, 2000). If, however, a fearful face gazes to the side, this implies that the
primary observer has detected a threat, which possibly also applies to the secondary
observer. In such a case, it would be very adaptive for the secondary observer to be
primed to detect and more extensively process stimuli in the location that is being
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gazed at. Both facilitated engagement of, and inhibited disengagement from, locations
cued by fearful gaze would be adaptive. The first provides speeded and enhanced
extrastriate visual processing of the fearfully cued stimuli (Schuller & Rossion, 2001)
and the latter promotes more extensive processing of the fearfully gazed at location
and reduces the likelihood of premature distraction by other, irrelevant, stimuli in
the highly fluid visual environment. As mentioned, earlier studies employing peripheral
presentation of threatening stimuli have clearly shown modulation of spatial attention
by the motivational nature of the stimuli and some specific evidence for both engage
and disengage effects have been reported (Koster et al., 2004a).

To date, two studies have investigated specifically if facial expressions influence
gaze cueing. Hietanen and Leppänen (2003) performed a series of experiments testing
this hypothesis using different facial expressions (fearful faces were used in only one
experiment) and report null findings. Mathews et al. (2003) selected participants who
were either high or low in trait anxiety, because they reasoned that perhaps pictures of fear-
ful faces are not threatening enough to capture attention in unselected participants.
Results from this experiment showed different patterns of responses in the two
groups as hypothesized: the high versus low anxiety selection predicted faster
responses to fearful as compared to neutral valid trials. This experiment thus provided
evidence of fearful expressions’ influence on the engage component to spatial
attention in highly anxious participants. 

As noted, some of the cortical processes that are likely involved in processing of faces,
and specifically facial expressions and gaze, are located in the superior temporal
regions. Activation in this region is found in response to the perception of e.g. bio-
logical motion and moving eyes (see Haxby et al., 2000). Perception of cues such as
eye gaze and facial expression will likely be based partially on the perception of
movement as, in real life, both these facial features convey their information
through a dynamic display. Indeed, a recent report by Sato et al. (2004b) showed
increased activation of the amygdala and temporal cortical structures in response to
dynamic as compared to static fearful and happy expression displays. Dynamic facial
expressions are also judged as more naturalistic than static expressions (Sato &
Yoshikawa, 2004). Thus, dynamic expressive gaze stimuli are neuro-ecologically valid
approximations of the natural events that we wished to study and dynamic expressions
increase activation in brain areas that are important for the processing of gaze cues.
The use of dynamic displays then might overcome the possible (though question-
able; see van Honk et al., 2005) problem noted by Mathews et al. (2003) concerning
the threat value of pictures of fearful faces. To obtain such dynamic stimuli, copies
of faces were made from two validated sets of facial expressions, with the iris and
pupils of the eyes of happy and fearful faces displaced, such that they gaze towards
the sides. Then, by means of morphing software, multiple frames were created which
morph step by step from a neutral gaze straight ahead into an expressive lateral
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gaze, at a rate nearly identical to that used in the Sato et al. (2004b) study. The
result is a ‘movie clip’ in which the eyes quickly move toward the side while the facial
expression changes simultaneously from neutral to happy or fearful. This is a lifelike
depiction of what happens when a primary observer is either frightened or pleasantly
alerted by a sudden event in the periphery, and orients overtly towards the source
of her aroused interest. 

The present study was also designed to test if gaze cueing in response to fearful
expressions is related to anxious traits of the participants. As stated above, individual
differences in emotional traits predict selective attention towards or away from
facial threat. Although we argue that greater reflexive cueing of attention after 
perception of a fearfully gazing primary observer should be present in all healthy
humans because of the obvious advantages of such an adaptive vigilance process,
there are good reasons to assume that this mechanism should be stronger in people
with elevated anxiety levels. Increased attentional processing of threat in people
with increased anxiety has been shown in many studies in both clinical and healthy
participants. It is theorized that such biases in attention play a precipitating role in
the etiology of anxiety disorders (Mogg & Bradley, 1998; MacLeod, et al., 2002).
Functional neuroimaging data support the idea that the specific attentional processes
measured in the present study in particular should be related to participants’ anxiety
levels. The amygdala is the most important neural substrate for fear and anxiety, and
greater amygdala activity in more anxious people would likely potentiate reflexive
gaze cueing in response to fearful faces, since the amygdala is also involved in the
processing of gaze cues (Hooker et al., 2003). 
Also from a functional point of view, it is to be expected that attentional gaze cueing
in response to fearful gaze should be stronger in anxious participants. Given the natural
contingency between the presence of threat in the environment and the emotional
state of the individual, such a relation would provide a mechanism to adaptively
allocate cognitive and perceptual resources where and when they are most needed. 

Hypotheses for the first experiment were that fearful expressions would cause
greater gaze cueing than happy expressions (where gaze cueing is measured as
greater response latencies to invalidly cued trials compared with validly cued trials).
The question whether this effect of expression would be most evident in valid or
invalid conditions, or both was left open. The second hypothesis was that the cueing
effect after fearful gaze cues would be related to participants’ anxiety levels as
indexed by a self-report measure for trait anxiety.
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EXPERIMENT 1

Methods

Participants
Thirty participants (all students, 25 females) were recruited on campus. Their age ranged
from 18-25 years. Two foreign students performed only the cueing task because they
did not comprehend the Dutch language well enough to ensure valid responses to the
trait anxiety questionnaire that was filled out by the other 28. Participants were paid
for their participation.

Materials
Questionnaire
After completion of the cueing task, 28 participants filled out a computerized version
of a Dutch translation of the trait version of the Spielberger state/trait anxiety inventory
(STAI-t; Spielberger et al., 1970; van der Ploeg et al., 1980). STAI-t scores ranged
from 30 to 61 with a mean of 41.6. The norm for Dutch students is a mean score
of 39 (van der Ploeg et al., 1980). Seven participants scored at least one standard
deviation above the mean for this student population and of those, one participant
scored more than two standard deviations above this norm.

Stimuli
The facial expressions used were taken from the Ekman and Friesen Pictures of facial
affect (Ekman & Friesen, 1976) and from the straight looking faces of the Karolinska
Directed Emotional Faces (Lundqvist et al., 1998). Happy and fearful grayscale pictures
of 8 actors were selected and manipulated. The faces were presented at 4° X 5° visu-
al angle. 
To manipulate gaze, the iris and pupil of the eyes were cut out and pasted to fit in
the corner of the eyes. This was done for both happy and fearful faces. Then a neutral
face with gaze straight ahead and its accompanying emotional face with the eyes
gazing toward the side were used as start and endpoints for the morphing procedure.
The irises, inner and outer edges of the eyelids, the eyebrows, nose, and mouth in
these two pictures were associated as morphing landmarks in the WinMorph software
package. The morphing sequence consisted of six frames (four intermediate morphs).
The dynamic face stimuli were presented for 200 ms. The first 120 ms showed the lifelike
‘movie’ of morphed pictures. The final still was presented for an additional 80 ms. 

Procedure
The experiment was run in a dimly lit chamber and participants were positioned in
a chin support during task performance. They first performed the cueing task and
then filled out the questionnaire. Participants were alone during task performance
and completion of the questionnaire. 
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The cueing task consisted of 192 trials (33% of which were catch trials in which no target
was presented; participants were to refrain from responding to these catch trials) and
programmed in E-Prime (Psychology Software Tools, inc). Participants were instructed to
keep their eyes focused on a central fixation cross which was presented one second before
onset of the first stimulus and remained visible until response. After one second, the face
display appeared with the fixation cross superimposed onto the face at approximately the
region between the eyes, just above the nose bridge. A facial display consisted of six
gradually morphing pictures of 20 ms per picture and an additional 80 ms for the last still.
After the 200 ms presentation of the frame sequence, the face disappeared (the fixation
cross remained visible in order to inhibit saccades) and the target (an asterisk of approx-
imately .4° X .4°) appeared nine degrees to the left or right of the fixation cross, on target
trials. Participants made their responses by a key press with the index finger of the dominant
hand (Psychology Software Tools serial response box). There was no un-cued condition in
the task; the lack of motion (the eyes) in such un-cued trials makes responses to such a
condition incomparable to the others (c.f. Swettenham et al., 2003).
Participants were required to press the button as fast as possible when a target appeared
(target trials), but to withhold their response if no target appeared (catch trials). They
were instructed that the direction of gaze was completely unpredictive of the location
of a subsequent target, with equal chances of the target appearing left or right, and
sometimes no target would appear at all. They were told to keep looking at the cross and
respond as fast as possible without making mistakes. After 12 practice trials, participants
performed the experimental trials. For the 128 target trials, conditions concerning cue
direction, target position, actor, and expression occurred equally often and balanced.
For the 64 catch trials, conditions concerning cue direction, actor, and expression
occurred equally often and balanced. All 192 trials were presented in full random order.
See figure 4.1 for a schematic depiction of the task procedure.

Figure 4.1

Order of events for a valid target trial. After the fixation period, a 120 ms dynamic stimulus sequence
displays a face gradually increasing its facial expression fro neutral to emotional while the eyes 
simultaneously shift their gaze to the side. The final frame is presented for an additional 80 ms to total
a CTOA of 200 ms during which the final percept is available for 100 ms. The fixation cross remains 
visible, to inhibit saccades. Only three size-adjusted stimulus frames are shown for sake of figure clarity.
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Data reduction
For the 128 experimental trials, outlier latencies (latencies < 200 ms or > individual
mean latency + 3 standard deviations) were removed from the data for each participant.
Then, mean response latencies per condition were calculated. 
To analyze expression’s influence on gaze cueing, these means were entered into a Cue (2;
valid versus invalid) X Expression (2; happy versus fearful) repeated measures ANOVA. For
correlation analysis, cueing effect scores were calculated by subtracting response latencies
for validly cued trials from those for invalidly cued trials, for happy and fearful expressions
separately. A positive effect score thus indicates faster responding to validly cued trials as
compared to invalidly cued trials. All statistical tests were set at �= .05, two-tailed.

Results

The numbers of errors (responses to catch trials) were analyzed to check for different
response biases to fearful and happy faces. On average, 2.7% of the happy and 1.7%
of the fearful catch trials was mistakenly responded to. A Wilcoxon signed ranks test
showed no difference between these two conditions: z(29)= 1.2, p= .216.

Response latency analyses showed no main effect for Expression: F(1,29)= 1.32, p= .259.
The main effect for Cue was significant: F(1,29)= 23.41; p= .000. The crucial interaction
between Cue and Expression was also significant: F(1,29)= 6.57; p= .016. Paired samples
T-tests showed that cueing effect for happy faces reached a trend: t(29)= 1.71; p= .098,
while the cueing effect for fearful faces was highly significant: t(29)= 5.18; p= .000. To
further scrutinize the interaction, we compared response latencies within the cueing con-
ditions for the two expressions. In the valid condition, response latencies to fearful faces
were not reliably faster than to happy faces: t(29)= .84, p= .410). In the invalid condition,
responses to fearful faces were significantly slower than responses to happy faces: t(29)=
3.17; p= .004. A final t-test showed that the slowing down of responses to fearful expres-
sions in the invalid condition was not reliably greater than the speeding up of responses
to fearful expressions in the valid condition: t(29)= 1.2; p= .259. See table 4.1.

Table 4.1

RT valid trials RT invalid trials invalid-valid difference

expression mean st. dev. mean st. dev. mean st. dev.

happy 289 41 293 38 4 12

fearful 287 37 299 40 12 13

Means and standard deviations for the response latencies (ms) per condition and the cueing
effect, per expression type; N=30 (experiment one). The cueing effect for happy faces is not reliable,
but the cueing effect for fearful faces is. Crucially, the fearful cueing effect is reliably stronger
than the happy cueing effect: t(29)= 2.56; p= .016.
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To test the hypothesized relation between the cueing effects and trait anxiety, we
calculated Spearman’s correlations. As predicted, there was a significant positive
correlation between STAI-t score and the cueing effect for fearful faces: rho= .441;
p= .019; see figure 4.2), while there was no correlation between STAI-t and the cueing
effect for happy faces: rho= .079; p= .690, nor was there a correlation between
STAI-t and overall reaction times: rho= .131; p= .505.

Figure 4.2

Scatterplot for the relation between STAI-t scores and gaze cueing in response to fearful
expressions in 28 participants. Positive bias scores indicate faster responding to valid than to
invalid cues.

As can be seen in the scatterplot, one participant generated outlier data for the fearful
cueing effect. Her fearful cueing effect of 48 ms was almost 4 standard deviations
higher than the mean effect for the other 29 participants. When the data are re-analyzed
after deletion of this outlier, the pattern of results remains unchanged, with all crucial
tests still significant. The correlation between the fearful cueing effect and STAI-t
scores then is rho= .492; p= .009. 

Discussion

Experiment one served two purposes. First, we hypothesized that fearful faces would
result in stronger gaze cueing in an unselected sample. This first hypothesis was
confirmed: there was a significant interaction between gaze and expression influences,
such that the cueing effect for fearful faces was stronger than the cueing effect for
happy faces (see table 1). Comparisons of mean response latencies showed that this
effect of fearful expressions on spatial attention was only reliable for the invalid
condition when these cueing conditions are tested separately. However, the slowing
down of responses to fearful faces in the invalid condition was not reliably greater
than the speeding up of responses to fearful faces in the valid condition. Both
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engage and disengage effects contributed to the interaction, and this was specifically
evident for disengage effects in the invalid condition.

The second hypothesis for experiment 1 predicted a relation between trait anxiety
scores and the fearful cueing effect. This second hypothesis was also confirmed with
a reliable positive correlation between the fearful cueing effect and STAI-t levels. 

Interestingly, the cueing effect for happy faces was only a trend when tested two-sided.
Although one-tailed testing is more appropriate for this hypothesis-driven test, it is still
notable that the cueing effect for happy faces is small and somewhat less reliable than
cueing for happy faces in the previously reported results from Hietanen and Leppänen
(2003)4. One might even argue that happy expressions should lead to stronger gaze
cueing than neutral faces because this facial configuration likely signifies the presence
in the periphery of an event that is of more interest to the secondary observer than what
a neutral lateral gaze is likely to signal. However, direct comparison with previous studies
is difficult because of various methodological details. We entertained the possibility that
gaze cueing by happy faces was actually downplayed because of the ‘threatening’ context
provided by the more relevant fearful gaze cues. As stated in the introduction section,
it would be functional if selective attention to threat-related locations would operate at
the cost of attenuated processing of less relevant locations. Conceivably then, increasing
exposure to fearful gaze cues over trials could have resulted in a relative disregard of
the happy gaze cues as an unexpected between-trial effect. Motivational biases hindering
processing of relatively non-threatening stimuli has been theorized and reported several
times (albeit under methodologically different conditions; Mogg & Bradley, 1998; Mogg
et al., 2000; Wilson & MacLeod, 2003). To test this, experiment two started with a
block of only happy expressions. A second block contained randomly mixed happy and
fearful trials. To control for possible habituation effects, a final block was added which
contained only fearful gaze cues.

A possible argument against our interpretation of the response latency data so far
is that they may have been confounded by interacting effects of expression and gaze
conditions on participants’ response bias. A speed/accuracy trade-off whereby a more
conservative response bias in the invalid fearful condition could have led to fewer
errors and slower responses cannot be excluded. Experiment two thus measured
localization of the target, which allows better error analyses. If response latencies are
determined by speed/accuracy trade-off, data should also show a smaller number of
errors in slower conditions and/or a greater number of errors in faster conditions.
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As a replication of experiment one, we hypothesized that an interaction between
gaze and expression would be characterized at least by slower responses in fearful
than in happy invalid conditions. Whether or not fearful expressions would also reliably
facilitate responses in valid conditions remained to be seen. Additionally, we hypothesized
stronger gaze cueing for blocked happy faces versus happy faces amidst fearful faces. 

EXPERIMENT 2

Methods

The response required from the participants was to press the right most button of
the response box with their right index finger when a target appeared to the right
and to press the left most button with the left index finger when a target appeared
to the left. 
This localization procedure lessens the need for catch trials and so all trials con-
tained a target in either valid or invalid conditions. The experiment consisted of
three blocks that were run in direct and seamless succession. The first block consisted
of 64 trials of happy conditions, the second block presented 64 happy and 64 fearful
trials, and the experiment ended with 64 fearful trials. Within blocks, presentation
of conditions was fully randomized. Other than the aforementioned, all materials
and task procedures for the present experiment were the same as in experiment one,
including the number of trials per condition in all three blocks. 

Data reduction
After removal of error trials, remaining response latencies were filtered as in
Experiment 1.
Mean response latencies were entered into a Mix (2; expression blocked versus expressions
randomly mixed) X Cue (2; valid versus invalid) X Expression (2; happy versus fearful)
repeated measures ANOVA. Unless stated otherwise, tests were performed with �=
.05, two-tailed.

Participants
Twenty students (1 male), recruited through posters hung around campus, were tested.
Age ranged from 18 to 29 years. 

Results

The factor Mix did not show any significant main effects or interactions: largest
F(1,19)= 1.8; p= .193 for a main effect of Mix. The Cue X Expression interaction
was significant in both Mix conditions with F(1,19)= 8.3; p =. 010 in the blocked
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condition and F(1,19)= 12.4; p= .002 in the randomly mixed condition. Neither the
happy cueing effect, nor the fearful cueing effect differed per Mix condition: t(19)=
.65; p= .525 and t(19)= .38; p= .709 respectively.
The factor Mix was therefore removed from further analyses. Collapsed data were
then entered in the Cue (2) X Expression (2) model. There was no main effect of
expression: F(1,19)= .1; p= .79. Cue showed a main effect of F(19)= 167.8; p= .000
and the crucial Cue X Expression interaction showed F(1,19)= 13.1; p= .002. Paired
sample t-tests showed t(19)= 9.6; p= .000 for the happy cueing effect and t(19)=
10.5; p= .000 for the fearful cueing effect. For the valid condition, the fearful cues
resulted in a just significant faster responding than happy cues: t(19)= 1.7; p= .05
(one-tailed). In the invalid condition, responses after the fearful cues were reliably
slower than after happy cues: t(19)= 2.5; p= .011 (one-tailed). See table 4.2.

Table 4.2

RT valid trials RT invalid trials invalid-valid difference

expression mean st. dev. mean st. dev. mean st. dev.

happy 296 26 318 24 22 10

fearful 290 25 326 23 36 15

Means and standard deviations for the response latencies (ms) per condition and the cueing
effect, per expression type; N=20 (experiment two). Both the happy and fearful cueing effects
are reliable. Crucially, the fearful cueing effect is reliably stronger than the happy cueing effect:
t(19)= 3.61; p= .002.

Mean total error rate was 1.0%. Error rates per condition were entered into Wilcoxon
signed ranks tests which showed that more errors were made in invalid conditions
than in valid conditions: z(19)= 3.1; p= .002. There was no difference for errors made
in happy compared with fearful conditions: z(19 )= 1.1; p= .265, nor did the difference
scores for valid versus invalid errors differ by expression: z(19)= .81; p= .416. Mean
latency for these erroneous responses was 214 ms, which is over four standard deviations
below the grand average for correct responses, and 53% of these erroneous responses
fell below the 200 ms operational lower limit for premature responses. 

Discussion

Experiment two provided a replication of experiment one: again there was a significant
interaction between gaze and expression. As hypothesized, responses to fearful
invalid trials were reliably slower than responses to happy invalid trials. In addition,
responses in the fearful valid condition were just reliably faster than in the happy
valid condition. Although the grand average response latency was very comparable
to that in experiment one, all cueing biases were quite a bit larger (on average 29

84 CHAPTER 4 | ANXIETY MEETS FEAR IN PERCEPTION OF DYNAMIC EXPRESSIVE GAZE



ms versus 8 ms in experiment one) and more reliable, as was the difference between
the happy and fearful cueing biases.

The pattern of errors was inconsistent with a speed/accuracy trade-off explanation.
Invalid (slower) conditions were in fact associated with more errors. Numbers of
errors in happy and fearful trials did not differ, nor did expression and cue validity
interact for error rates. Most of these erroneous trials to invalid conditions were
premature responses, apparently prompted by a very strong effect of gaze. 

The hypothesis that happy expressions lose their cueing efficacy in the presence of
more threat-relevant stimuli was not supported at all. Gaze cueing for happy expressions
presented in isolation and before exposure to fearful gaze cues was no different
from happy gaze cueing in the mixed expression block. Experiment two furthermore
shows very reliable cueing effects for happy gaze. 

General discussion

This study tested the predictions that in a non-selected population, gaze cueing can
be influenced by a fearful expression in the face of the primary observer, and that
the cueing bias resulting from the perception of such a fearful gaze is also related to
anxious characteristics of the secondary observer. Both hypotheses were confirmed.
The perception of dynamic gaze cues in conjunction with dynamic fearful expressions
prompts adaptively increased vigilance for environmental threat. The mechanism
suggested by these data is that in dynamic social interactions, more attention is devoted
to a location in space that is associated with threat through the perception of a fearful
primary observer signaling relevant events in that location. Error analyses of specifically
the data for experiment two excluded the possibility that speed/accuracy trade-off
could be held accountable for the finding of stronger gaze cueing for fearful than
for happy faces (or gaze cueing in general). 

These results stand in contrast to data that were previously reported by Hietanen and
Leppänen (2003). These authors performed a series of six experiments comparing
gaze cueing efficacy for various expressions and report only null-results for influences
of expressions. It should be noted that these authors employed fearful faces in only
one of these experiments and, as noted in the introduction of this paper, not just
any expression is expected to modulate gaze cueing. For a signaling function such
as this to evolve, benefits for expressions’ modulation of attention cueing must outweigh
its costs. This adaptiveness is most obvious in the case of the fearful expression, due
to the potentially lethal consequences of a ‘miss’. Also, the aforementioned involvement
of the amygdala in the neural processing of both gaze and expressions are more
convincing for the fearful expression. Mathews et al. (2003) reported comparisons
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between neutral and fearful gaze cues. A pilot study in unselected participants did
not find an effect of fearful expressions on gaze cueing. Hence, pre-selected participant
groups with low and high trait anxiety scores were tested and comparison of these
groups revealed faster response to fearful valid cues in the highly anxious group. The
conclusion was that fearful expressions do influence gaze cueing, but only in anxiety-
prone individuals. The present data for both experiment one and experiment two
clearly show that, as expected on the basis of our review of functional and neural
aspects of the phenomena, expression does indeed moderate gaze cueing in the
general population. Data from experiment one also showed the predicted correlation
between trait anxiety and the fearful gaze bias. In the introduction of the present
paper an argument promoting the use of neuro-ecologically valid dynamic expressive
stimuli was put forth and defensibly this methodological improvement as employed in
the present series of experiments uncovered fearful expressions’ adaptive modulation
of gaze cueing in healthy, normal participants. 
As discussed earlier, one could defensibly hypothesize that happy faces should induce
stronger gaze cueing than neutral faces. The comparison of fearful and happy (instead
of neutral) expressions in the present designs (specifically in experiment two) showed
that the threat-signaling properties, and not just expressiveness per se, is decisive in
fearful expressions’ modulation of gaze cueing. Error analyses discarded the possibility
of speed/accuracy trade-off as a confounding factor behind these effects.

Experiment two was also designed to check for a possible adaptive trade-off mechanism,
which hypothetically could have caused happy expressions to lose their cueing efficacy
in the presence of more threat-related fearful gaze cues (experiment one). This hypothesis
was not supported and data from experiment two clearly show that gaze cueing
truly increases for fearful expressions, without downplaying cueing efficacy for
happy expressions. The finding of larger and more reliable effects in experiment two
serendipitously provides a strong explanation for the small happy cueing effect in
experiment one. The detection method used in experiment one led to a reliable
interaction between gaze and expression, but the differences in response latencies
for valid and invalid trials were rather small when measured with this method, and
hence the happy cueing effect was not very reliable. 

Functional neuroimaging findings seem to support the possibility of reflexive and
functionally improved spatial attention after perception of fearful gaze cues. Of par-
ticular interest is the fact that both the STS and the amygdala have afferent and
efferent connections with the intraparietal sulcus, which is implicated in cued visual
attention. Possibly then, the perception of a fearful expression, which leads to strong
amygdala activation, either leads to feedback to the STS and strengthens processing
in the intraparietal sulcus. Alternatively, this amygdala activation by fearful expressions
could strengthen its own projection toward this cortical attention structure. In support
of this speculation, George et al. (2001) reported fMRI data showing that averted gaze
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(as compared to gaze straight ahead) resulted in increased functional connectivity
between the cortical expression processing areas and the intraparietal sulcus. However,
Vuilleumier (2002b) reported that patients with unilateral neglect due to extensive
damage to their parietal lobes still showed experimental behavior indicative of gaze’s
influence on attentional, suggesting that the intraparietal sulcus is important, but
not necessary for gaze cueing (see Vuilleumier).

Up until quite recently, data concerning selective spatial attention to facial expressions
were mainly gathered by means of the so-called modified dot probe task. This paradigm
has clearly established that threatening faces are processed more extensively in a spatial
environment than other faces (Mogg & Bradley, 1998). It has also provided evidence that
such selective attention is modulated by motivational characteristics of the observer and
as such has provided much evidence for functionally and cognitive-psychologically
predicted relations between motivation and attention (for a review, see Mogg & Bradley).
However, this experimental paradigm did not elucidate the relative influences within this
global process for separate engage and disengage components to selective spatial attention.
Although the dot probe task has been claimed to measure engagement of attention, the
method is not particularly suited for a claim that specific (see Koster et al., 2004a; 2004b).
A recent study which complemented the standard dot probe paradigm with conditions
allowing direct scrutiny of this issue shows that the dot probe results are likely at least
partially due to disengagement effects (Koster et al., 2004b). More recent methods that
more closely resemble the original Posner paradigm for exogenous cueing are specifically
suited to disentangle effects on engage and disengage components (Fox et al., 2001;
Yiend & Mathews, 2001; Fox et al., 2002). These three studies provide only evidence for
threatening stimuli affecting the disengage component. However, most recently, Koster
et al. (2004a), using aversively conditioned stimuli, did also show evidence of engage
effects of threatening stimuli. It should be noted that these four studies measured
engagement of, and disengagement from, threatening stimuli presented in peripheral
locations as exogenous cues. This is factually different from the presently reported method,
which measures the influence of threat on engagement of, and disengagement from,
peripheral locations that are signaled as threatening by a central cue. However, within
the theoretical frameworks of motivated selective attention and emotion theory, these
are both operationalizations of the same adaptive phenomenon of motivated selective
attention to threat in a spatial environment. The two studies that are most directly
comparable to the present method are those of Mathews et al. (2003) and Hietanen and
Leppänen (2003). The latter showed null findings for expressions’ hypothesized influence
and the former found evidence only for fear’s effect on the engagement process. Our
first experiment only provided direct evidence of disengage effects, and experiment two
provided direct evidence for both engage and disengage effects. All in all, it seems as
if engage components in spatial attention, be they measured with purely exogenous
methods or the exogenous-alike gaze cueing method, can be affected by threatening
stimuli, but such effects seem less robust than disengage effects. 
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Fearful expressions have been employed extensively in studies assessing emotional
reactions to visual stimuli, which have shown how even limited perception of these
threat cues primes the brain, neuroendocrine system, and cognitive processes. For
example, a study by Vuilleumier et al. (2001) employed a cued attention task, and
found that fearful, but not neutral faces, evoke amygdala responses even when pre-
sented at an unattended location. Whalen et al. (1998) directly compared amygdala
activation in response to sub-threshold presentation of happy and fearful expressions,
and found greater activation for the fearful expressions. Such findings support the
notion of a sub-cortical network for pre-attentive perception of fearful faces and its
activation of the amygdala, the sub-cortical structure implicated in fear and vigilance,
and the autonomic and endocrine responses to signals of threat (Aggleton, 2000;
Schulkin & Rosen, 1999). Such fast automatic activation of the amygdala also allows
for early propagation to other (cortical) areas priming attentional processes.

Attentional reactions to facial expressions are modulated by individual differences in moti-
vation and emotion (e.g. Putman et al., 2004; van Honk et al., 2001). Patterns of attentional
responsivity to threatening expressions are also related to neuroendocrine functioning;
both basally (van Honk et al., 1999) and acutely (van Honk et al., 2005). Also, selective
attention to facial threat results in neuroendocrine responses and increased anxiety (van
Honk et al., 2000; MacLeod et al., 2002). Thus, selective attention to facial threat, neural
and endocrine correlates of emotionality and subjective experience of emotional processes
are well integrated and are related to individual differences in emotional reactivity.
Functional neuroimaging evidence suggests that the cortical and sub-cortical structures
that are involved in the processing of fearful expressions greatly coincide with the neural
correlates of gaze perception. These views predict that modulation of gaze cueing by fearful
expressions should be most evident in people who are more anxious. The significant
correlation between trait anxiety scores and the fearful cueing bias supports this view.

In summary, the present report verifies that dynamic fearful expressions do increase gaze
cueing. As a replication of Mathews et al. (2003), and in line with cognitive behavioral,
neuroendocrine, and neuropsychological findings, fearful gaze cueing was shown to be
mediated by trait anxiety levels in the secondary observer. The present experiments show
that this adaptive integrated response to fearful expression and gaze is present in normal,
unselected participants, and that the cueing benefit of fearful expressions is due to its
threat-signaling properties and is not merely an effect of affective expression per se.
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Abstract

The state of hypomania in bipolar disorders is characterized by disinhibited, fearless
and reward seeking behavior. This motivational-behavioral pattern of increased
approach motivation and decreased avoidant motivation, suggests that early and
automatic responding to socio-emotional cues such as facial expressions might be
aberrant in hypomania. Though a wealth of literature has described motivated attentional
bias in a variety of emotional disorders, only very few reports are to be found for
bipolar disorder or hypomania. The present study measured hypomanic and depressive
trait in 513 healthy respondents using a shortened version of Depue’s General
Behavior Inventory (GBI). From the extremes of this pool, sixteen individuals with elevated
hypomanic trait, but without elevated depressive trait were selected alongside a control
group of twelve respondents who scored extremely low on both these motivational
traits. These participants performed the emotional gaze cueing task (as in experiment
1 of chapter 4) and filled out questionnaires assessing anxious trait and approach versus
avoidance trait, as well as the complete GBI. It was expected that participants with elevated
hypomanic trait would show reduced orienting of attention in response to fearful
gaze cues and increased orienting of attention in response to happy gaze cues. The
selected participants with elevated hypomanic trait scored reliably higher on a measure
of approach motivation and also displayed reliably reduced orienting of attention in
response to fearful gaze cues. In addition, these participants showed a reliable cueing
effect for happy gaze cues, unlike the control participants. These data are the first
to show hypomania-related insensitivity to socio-emotional cues of threat in motivated
attention, and warrant further research in clinical populations.
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Introduction

A key feature of several psychiatric disorders is their manifestation of selective patterns
of motivated cognition. For example, depressed individuals show a memory bias
favoring sad information, and generalized anxiety disorder, social phobia and post-
traumatic stress disorder all show exaggerated attentional processing of threatening
information (see e.g. Williams et al., 1996; Mogg & Bradley, 1998; Hermans & van
Honk, in press). Such biased processing of motivationally relevant information can
also be demonstrated in healthy participants, specifically in participants who display
elevation of motivational traits that are functionally related to enhanced processing
of the specific information. For example, elevated trait anger and trait approach
motivation are associated with increased attentional processing of angry facial
expressions (e.g. Putman et al., 2004), and increased trait anxiety predicts attentional
vigilance in response to fearful expressions (e.g. Putman et al., in press; Putman et al.,
in submission). Such automatic preferential processing of threat related information likely
reflects functionally adaptive characteristics of the human brain (see Vuilleumier,
2002; Adolphs, 2003; Putman et al., in press). 

Hypomania is an emotional state with behavioral and phenomenological manifestations of
fearlessness, disinhibition, increased risk-taking, and elated mood. This can be considered
an imbalance toward the approach pole of the superordinate motivational dimension of
approach versus avoidance, which is closely related to the constructs of Behavioral
Activation (BAS) and Behavioral Inhibition (BIS). The widely used self-report questionnaire
for these motivational traits is the BIS/BAS scale of Carver and White (1994), which has
been shown to predict biased attentional processing of facial expressions of emotion
(e.g. Putman et al., 2004) . Hypomanic trait as measured with the General Behavior
Inventory (GBI; Depue & Klein, 1988) has been shown to be closely related to increased
BAS scores on this instrument, as well as to a neurophysiological index of increased
approach motivation (Meyer et al., 1999; Harmon-Jones et al., 2002). Given the generally
held assumption that motivated selective attention is functional in maintaining a motivation
related information processing balance between self-destructive disregard of threat, and
anxious hypervigilance (Beck & Emery, 1985; Williams et al., 1996; Mogg & Bradley,
1998), hypomanic individuals should manifest approach motivated neglect of threat or
punishment cues and/or increased processing of reward cues. Concerning biased attention,
this should imply reduced attentional vigilance in response to cues of threat and
increased vigilance in response to cues of positive events. 

Surprisingly, very few studies testing these predictions are reported. Lyon et al. (1999)
found equal negativity biases in manic and depressed patients. Murphy et al. (1999)
found that only manic patients demonstrated difficulty in suppressing responses to
positive stimuli in an emotional go-no go task (see Elliot et al., 2004 for neural correlates
of this process). These three studies utilized lexical stimuli. Given that facial expressions
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of emotion have been repeatedly shown to be very potent stimuli for measuring bias
attentional processing (e.g., Putman et al., 2004; van Honk et al., 2005; Putman et
al., in press; Putman et al., in submission; see also Vuilleumier, 2002), the hypothesis
of motivated attention as applied to hypomania might be well tested with a paradigm
employing facial cues of threat and pleasure. 

The present study sought to contrast biased attentional performance between people with
hypomanic (but not depressive) trait, and controls with both weak hypomanic and depressive
traits. Although (hypo)mania is seldom seen in isolation from sustained bipolar mood
disorder, we wished to study the influence of specifically hypomanic like motivation, free
from ‘confounds’ of depressive traits. For one, depressive trait might reduce hedonic biases
in attention, and including participants with elevated depressive trait in addition to elevated
hypomanic trait could confound results. We tested the predictions with a newly developed
experimental paradigm measuring motivated shifts in attention. This ‘emotional gaze
cueing task’ (see Putman et al., in press) exploits an apparently innate reflexive process:
after perception of another’s gaze toward the periphery, attentional processing of the
gazed at location is involuntarily increased (see Langton et al., 2000). Based on neuro-
logical considerations, and given its functional adaptiveness, gaze cueing should be, and
is, stronger for fearful than for happy facial expressions and, moreover, this is predicted
by variation in anxious trait (Putman et al., in press; Mathews et al., 2003). 

Participants with elevated hypomanic trait (EHTs) and controls were selected from
the extremes of a sample of over 500 respondents to a shortened version of the GBI
self-report measure for hypomania and depression. We hypothesized that EHTs
would not show the adaptive stronger orienting of attention in response to fearful
compared to happy gaze cues. This reduced or reversed interaction between expression
and gaze cues should break down to reduced orienting of attention in response to
fearful gaze cues, and increased orienting of attention in response to happy gaze
cues, compared to the control participants. 

Methods

Participants
To select participants, a shortened version of the General Behavior Inventory (GBI; Depue
& Klein, 1988) was created, consisting of 15 items from the depression-subscale and
15 items from the hypomania-subscale5. A four-point scoring method was used to
maximize sensitivity for the non-clinical respondent population (c.f. Meyer et al.,
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1999). A total of 513 respondents from campus provided data. Respondents with the
largest positive difference for Hypomania minus Depression were selected for the EHT
group (6 males, 10 females). Due to co-variation between the shortened Hypomania
and Depression scales (r= .405; p= .000), this selection filters out some of the extreme
Hypomania scores, but results in an EHT group without too much depression. 
The control group consisted of participants (3 males, 9 females) with the smallest sum
for Hypomania plus Depression. Respondents who reported major aversive life-events
in the past six months, used medication or smoked were excluded from selection. All
selected participants completed the full GBI after testing in the lab. Written
informed consent was otained.

Facial expressions
Stimuli were adapted from two validated expression-sets (Ekman & Friesen, 1976
and Lundqvist et al., 1998; neutral, happy and fearful expressions of four male and
four female actors). For further details, see Putman et al. (in press).

Questionnaires
Carver and White’s BIS/BAS questionnaire (Carver & White, 1994) measures Behavioral
Inhibition and Behavioral Activation, which can be considered trait avoidance and
approach (see e.g., Putman et al., 2004). The trait version of Spielberger’s STAI
(Spielberger et al., 1970) measures a trait akin to generalized anxiety disorder.

Procedure
The emotional gaze cueing task (see Putman et al., in press) measures manual
response latency for detection of targets presented in the left or right periphery after
central display of a gaze cue. Because of hardware limitations, display parameters
were minimally adjusted from the study reported in Putman et al. (2004). The cue
consisted of a life-like dynamic 200 ms display of neutral faces with frontal eye gaze
morphing into expressive faces with eye gaze toward the side (27 ms for the first five
morph-frames each and an additional final 67 ms still). Thus, although the stimulus
was dynamic for 133 ms and remained in its final state for an additional 67 ms
instead of the 100 and 100 ms of the Putman et al. study, total cue to target onset
asynchrony is the same. There were 128 target trials and 64 catch trials (no target)
with two different expressions (happy and fearful), gazing toward the left or right,
and targets appeared to the left or right (fully counterbalanced across all factors).
Participants were explicitly instructed that gaze direction was unpredictive of the
location of the target and to respond as fast as possible after target appearance.
STAI and BIS/BAS questionnaires were filled out after completion of the emotional
gaze cueing task. 
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Results

GBI questionnaires
The respondents who took part in the experiment for the control group represented the
1st through 26th percentiles on the shortened GBI scale of the original respondent sample
for Hypomania score, and the 1st through 25th percentiles for Depression score. On the
complete GBI scale, they scored a mean Hypomania score of 32.4 (standard deviation:
4.1) and a mean Depression score of 55.6 (standard deviation: 8.2). The EHT group rep-
resented the 50th through 95th percentile for the shortened Hypomania scale and the
1st through 53rd percentiles for the shortened Depression scale. On the complete GBI
scale, they scored a mean Hypomania score of 46.4 (standard deviation: 7.9) and a
mean Depression score of 61.8 (standard deviation: 7.3). 
For the complete GBI Hypomania scale, the EHT group scored reliably higher than the
control participants: F(1,26)= 31.2; p= .000. There was as also a just reliable difference
on the Depression scale: F(1,26)= 4.49; p= .044.

BIS/BAS questionnaire
Participants in the control group had a mean BIS score of 19.5 (standard deviation:
2.5) and a mean BAS score of 38 (standard deviation: 3.4). The EHT group had a mean
BIS score of 17.1 (standard deviation: 3.8) and a mean BAS score 42.1 (standard
deviation: 5.3). The difference for BIS was not reliable: F(1,26)= 3.48; p= .073, but
the difference for BAS showed F(1,26)= 5.51; p= .026. 

STAI questionnaire
Participants in the control group had a mean STAI score of 30.3 (standard deviation:
3.4) and the EHT group had a mean STAI score of 31.8 (standard deviation: 4.0).
This was not a reliable difference: F(1,26)= 1.02; p= .322. 

Emotional gaze cueing task
All response latencies < 200 ms or > individual mean latency plus three standard
deviations were excluded from analysis. See table 5.1 for mean response latencies
for all conditions. Cueing effects were calculated by subtracting latencies for valid
from those for invalid conditions. 

Table 5.1

group valid happy invalid happy valid fearful invalid fearful

control 323.5 (43.5) 330(47.1) 315.8 (33.5) 337.9 (45.1)

EHT 306.2 (41.7) 316.4 (41.7) 304.4 (37.2) 308.5 (38.3)

Mean scores for response latencies in ms (standard deviations in parentheses) for all conditions
of the emotional gaze cueing task.
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A repeated measures ANOVA with Expression (happy and fearful) versus Validity (valid
versus invalid) as within subject variables and Group (EHT and control group) as
between subjects factor was performed. This showed a reliable main effect of Validity:
F(1,16)= 18.74; p= .000 and a reliable Expression X Validity X Group interaction:
F(1,26)= 7.47; p= .011. There were no other reliable main effects or interactions. For
the control group separately, there was a reliable main effect of Validity: F(1,11)= 8.38;
p= .015 and a reliable Expression X Validity interaction: F(1,11)= 5.94; p= .033. For the
EHT group, there was only a reliable main effect of Validity: F(1,15)= 10.58; p= .005.

To further scrutinize this varying pattern of responses, the cueing effects for happy
and fearful expressions were directly compared. A one-way ANOVA showed a significant
group difference for fearful cueing: F(1, 26)= 8.0; p= .009, but not for happy cueing:
F(1,26)= .34; n.s. For controls, there was no significant cueing for happy faces;
t(11)= 1.1; n.s., but fearful cueing was significant; t(11)= 3.7; p= .003. The reversed
was true for the EHT group with significant cueing for happy faces; t(15)= 3.13, p=
.007, but not for fearful faces; t(15)= 1.24; n.s. See Figure 5.1 

Figure 5.1

Attentional orienting effects in ms for the two groups, for happy and fearful expressive gaze
cues separately. A greater cueing effect indicates larger difference between the faster detection
of validly compared to invalidly cued targets.
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Discussion

It was predicted that participants with elevated hypomanic trait would display a non-
adaptive pattern of orienting of attention in response to social cues of threat and pleasure.
Specifically, these participants were expected to display reduced orienting after fearful
gaze cues and increased orienting after happy gaze cues. These predictions were
largely confirmed.

The two participant groups showed a reliably different response pattern on the emotional
gaze cueing task. Whereas control participants displayed the normal response pattern
of increased orienting of attention after fearful expressions (Putman et al., in press), the
EHTs failed to display this adaptive response pattern. These participants displayed
reduced orienting of attention after perception of fearfully gazing faces. Also, although
there was no reliable group difference for happy gaze cueing, EHTs showed a significant
happy cueing effect, unlike the control group. 

To get a clear view on the motivational-attentional characteristics of a hypomania-
like trait, selection procedures were designed to obtain an extreme group with elevated
hypomanic trait without elevated depressive trait. Due to the strong co-variation
between Hypomania and Depression for the shortened GBI (as for the complete GBI;
see Depue & Klein, 1988), the participants with elevated hypomanic trait also reported
somewhat elevated depressive trait. This is in concordance with the dual nature of mood
disturbances in bipolar disorders and attests to the validity of the GBI selection procedure
as a means of obtaining participants whose mood trait likely reflects qualitatively similar
motivation as observed during hypomanic episodes in bipolar disorder. Although the
aim of testing participants with ‘pure’ hypomania like trait was thus not fully attained,
it should be noted that the difference between Depression scores was not as great
as the difference in Hypomania scores. Also, the group difference for Hypomania was
far more reliable than the just reliable difference for Depression. The EHTs also
reported reliably increased approach motivation trait as measured with the BAS scale.
This is in concordance with Meyer et al. (1999) and Harmon-Jones et al. (2002), and
further supports the validity of our participant selection procedure. Also, this is in
accordance with data from a pilot study with an earlier version of the emotional
gaze cueing task, showing a strong negative correlation between BAS and fearful
gaze cueing (unreported data).

The presently used emotional gaze cueing task incorporates recent findings which show
that perception of dynamic facial expressions leads to stronger amygdala activation,
and also elicits subjective reports of more intense emotional activation (Sato et al.,
2004a; 2004b). The neuro-ecologically valid dynamic stimulus displays in the emotional
gaze cueing task likely lead to stronger activation in proposed neural structures (Sato
et al., 2004c), and normal participants manifest increased cueing effects in response
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to fearful compared to happy gaze cues. It is argued that this increased response to
fearful gaze cues, which is in line with studies demonstrating increased attention to
threat cues in normal participants using other experimental tasks, provides a functionally
adaptive mechanism for threat detection (Vuilleumier 2002; Williams et al. 1996).
Fearful gaze expressed by another human indicates the presence of threat in the
environment, and since this threat might well apply to the person observing this
expression, s/he would do well to more extensively process the indicated location (see
Putman et al., in press). Importantly, in the present study, there was no difference
between the two groups for the self-reported measure of general anxiety. Putman et
al. report a relation between fearful gaze cueing and this same measure of trait anxiety,
but the present finding also shows that responding to the emotional cueing task evidently
reflects more than a ‘mood congruency’ effect, but rather results from a more general
functional integration of motivational and environmental factors.

Both perception of gaze and facial expression (specifically fearful expressions) are processed
in the superior temporal sulcus (STS) and the amygdala (Whalen et al., 1998; Haxby
et al., 2000; Whalen et al., 2001) and evidence of increased functional connectivity
between these structures during encoding of these facial signals (George et al.,
2001) suggests that an STS-amygdala pathway is responsible for reflexive emotional
gaze cueing. The present data show that elevated hypomanic trait predicts an aberrant
and defensibly dysfunctional pattern of implicit motivated social attention after perception
of another person’s facial cues to the localization of threat. This hypovigilant response
to facial threat is conform the hypothesis of motivated attention as applied to (hypo)
manic motivation in bipolar disorders with its behavioral disinhibition and (self-)
harmful insensitivity to punishment cues. 

In sum, this study is the first to show the predicted fearless hypovigilant attentional
bias in response to facial expressions in relation to hypomania-like trait motivation.
This dysfunction in implicit behavior likely originates in early and automatic stages
of social-information processing, given the proposed reflexiveness of expressive gaze
cueing. These present observations warrant further research of this phenomenon in
clinical populations during depressed and (hypo) manic episodes.
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Abstract

Background: Ample evidence from animal research indicates that the gonadal steroid
hormone testosterone has fear reducing properties. Human data on this topic, however,
are scarce and far less unequivocal. The present study therefore aimed to scrutinize
anxiolytic effects of a single dose of testosterone using a direct physiological index
of fear in humans.
Methods: Twenty healthy female participants were tested in a double-blind placebo
controlled crossover design involving sublingual administration of a single dose of
testosterone. Four hours after intake, we assessed effects on baseline startle and fear
potentiated startle in a verbal threat of shock paradigm. 
Results: In accordance with predictions, testosterone administration resulted in reduced
fear potentiated startle, without affecting baseline startle.
Conclusions: This study provides direct evidence that a single dose of testosterone
reduces fear in humans. The relation of this effect to previous research on anxiolytic
effects of benzodiazepines, and possible mechanisms of action are discussed.
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Introduction

Research in a wide range of species indicates that the steroid hormone testosterone,
the end product of the hypothalamic-pituitary-gonadal (HPG) axis, has anxiolytic
properties both over longer periods of treatment (Bitran et al.,1993; Boissy &
Bouissou, 1994; Bouissou & Vandenheede, 1996; Frye & Seliga, 2001) and after single
dose administrations (Aikey et al. 2002; Bing et al. 1998). In man, however, evidence
of anxiolytic efficacy of testosterone remains scarce and indirect. Some anecdotal
indications exist of anxiolytic effects after long term testosterone supplementation
(Cooper & Ritchie, 2000; Kasanin & Biskind, 1943). Also, self-reported mood
improvements after testosterone supplementation therapy have been reported in
hypogonadism (Burris et al., 1992; Wang et al., 1996) and refractory depression
(Pope et al., 2003). Recently, however, Van Honk et al. (2005) reported that sublingual
administration of a single dose of testosterone diminishes preconscious selective
attention to threat, which was interpreted as resulting from fear-reducing properties
of testosterone. The present study was designed to more directly scrutinize fear
reducing efficacy of testosterone using an identical single administration.

A widely used laboratory model of fear in humans is potentiation of the startle
reflex. In remarkable similarity with other species, the first line of defense against
sudden threat in humans is a rapid contraction of the facial and skeletal musculature
(Davis et al., 1982). This reflex is affected by psychological variables: aversive states
such as fear and anxiety augment its amplitude. In humans, the eye-blink component
of the startle reflex can be quantified conveniently using electromyography (EMG)
of the orbicularis oculi muscle. A robust manipulation that potentiates the startle
reflex is verbal threat of shock (Grillon et al., 1991). In this paradigm, alternating
safe and threat blocks are presented during which startle reflexes are evoked acoustically
at random time intervals. This procedure yields highly reliable startle potentiation,
even when participants receive as little as one shock per session. Moreover, its repro-
ducibility makes this paradigm particularly appropriate for crossover designs, which
befit pharmacological studies because they control for inter-subject variability in the
response measure.

Remarkably, human research using this paradigm has not found unequivocal support
that typical anxiolytics such as benzodiazepines reduce fear potentiated startle. Instead,
despite some positive results (Bitsios et al., 1999; Graham et al., 2005), effects of 
benzodiazepines were often restricted to baseline measures (Baas et al., 2002). One
explanation for this observation is that separable neural substrates subserve cue-specific
fear as opposed to background anxiety (Davis & Whalen, 2001). Reduced baseline startle
effects of benzodiazepines have been suggested to reflect a specific effect upon the latter,
partly due to reduced sensitivity to the diffuse anxiogenic context of a psychological
laboratory, and partly due to general sedative effects (Baas et al., 2002; Grillon, 2002).
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Furthermore, the clinical efficacy of benzodiazepines in treatment of specific phobias,
putatively instances of exaggerated cue-specific fear, is low (Marks, 1987).
Contrary to benzodiazepines, testosterone has no sedative properties (O'Connor et
al., 2002; O'Connor et al., 2004), yet produces anxiolytic effects in animal research.
The present experiment therefore scrutinized the hypothesis that a single dose
administration of testosterone would reduce fear potentiated startle in the threat of
shock paradigm while leaving baseline startle unaffected.

Methods

Participants: Twenty female participants (age 18-29) granted informed consent as
required by the medical-ethical counsel. Only women participated because the
required administration parameters are unknown in men (see Tuiten et al., 2000, for
details). Exclusion criteria were habitual smoking, history of psychiatric or endocrine
illness, and use of medication other than single phase oral contraceptives.
Participants were tested early in their menstrual cycles, on two separate afternoons,
in a counterbalanced double blind crossover design.

Material and apparatus: Drug solutions for sublingual administration contained .5 mg
testosterone, 5 mg ethanol, and 5 mg hydroxypropyl-beta-cyclodextrine, in 5 ml water.
Placebos lacked testosterone but were otherwise identical. 4mm Ag/AgCl electrodes
and a Psylab bioamplifier were used for EMG of the startle reflex (10 Hz high pass
and 50 Hz hum filters, 1 kHz digitized). White noise (50 msec, 105 dB) through
headphones evoked startles. Shocks were delivered to the inner wrist using a constant
current stimulator.

Procedure: On both days, participants were tested four hours after administration in
a dimly lit cabin. They first completed the Profile of Mood States (POMS) questionnaire
(Shacham, 1983), after  which all electrodes were applied (see Blumenthal et al., 2005).
Subsequently, participants received 12 habituation startle probes in the absence of threat
(shock electrodes were disconnected). Written instructions then informed participants
they would receive three shocks across sessions maximally, that subsequent shocks
would increase in strength, that strength of the next shock would increase with
latency, and that they would certainly not receive shock when the word “safe” was
presented. During threat, “danger” would appear. Shock electrodes were then connected,
and another twelve baseline startle probes were presented while the screen showed
“safe”, followed by 16 alternating 50 second “safe” or “danger” blocks with three startle
probes per block. One probe during the 7th (first session) or 5th (second session) was
replaced by shock (150 msec at intensities of 2.15 mA and  2.54 mA, respectively).
Finally, questionnaires on subjective fear during safe and threat blocks were completed.
Data analysis: Raw EMG was 30 Hz high pass filtered, rectified, and filtered using a
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40 msec moving average. Startle magnitudes were defined as peak EMG power between
20-90 msec minus average power 0-20 msec after probe onset, and averaged over
three consecutive startles.

An outlier in the crucial effect of testosterone on startle potentiation was removed
(this participant had a difference score exceeding the criterion of 3*SD above the
mean). Data were analyzed using ANOVAs with THREAT (danger vs. safe), DRUG
(testosterone vs. placebo), and BLOCK (1-8) as within, and ORDER (testosterone on
day 1 vs. 2) as between factor, with �=.05 throughout.

Results

A main effect of BLOCK (F(7,11)= 3.57, p= .030) indicates a reduction of startle magnitudes
over time. A strong main effect of THREAT (F(1,17)= 56.39, p< .001) shows that the
threat manipulation was successful. Crucially, this effect was moderated by DRUG
(THREAT*DRUG: F(1,17)= 5.98, p= .026), indicating that startle potentiation was
lower in the testosterone condition (figure 1C), although the THREAT effect was
highly significant in both testosterone (F(1,17)= 39.87, p< .001) and placebo conditions
(F(1,17)= 56.65, p< .001). The ORDER factor yielded only a DRUG*ORDER*BLOCK
interaction (F(7,11)= 3.3, p= .037).
Separate ANOVAs were calculated for the habituation and baseline phases. Neither
of these (all F<1) showed evidence of a main effect or interaction involving DRUG.
Again, a BLOCK main effect indicates a reduction in responding over time (figure
6.1a & 6.1b; F(3,15)= 51.77, p< .001, and F(3,15)= 7.64, p= .002, respectively).
Questionnaires: An ANOVA over fear ratings confirmed that the threat manipulation
resulted in subjective fear (THREAT main effect: F(1,17)= 81.22, p< .001), but revealed
no DRUG interaction effect (F< 1). Moreover, separate t-tests for none of the subscales
of the POMS yielded significant effects of DRUG (all t< 1). 
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Figure 6.1

Traces showing startle reflexes decreasing in magnitude during the habituation phase (A; blocks
represent means of three consecutive startles), a similar pattern in the baseline period after
connecting the shock electrodes (B), and development of fear potentiated startle (C; threat
minus safe) in the testosterone versus placebo conditions over consecutive blocks. All error bars
represent standard errors of the means.

Discussion

Our prediction that testosterone administration would result in reduced fear potentiation
of the startle reflex was confirmed. Moreover, neither baseline measures of the startle
reflex, nor self-reported mood was affected. This finding corroborates and extends
previous results by Van Honk et al. (2005) by showing that the diminished selective
attention to unconsciously perceived threat after testosterone administration reported
there is likely due to fear reduction specifically. The present findings further lend
support to notions that testosterone mediates sex differences in fears, which may in
turn explain lower levels of aggression in females (Archer, 1999; Campbell, 1999).
The reduction in fear potentiated startle reported here stands in contrast to the
effects of benzodiazepines, which predominantly affect baseline startle reflex magnitude,
putatively indicative of reduced contextual anxiety (Baas et al., 2002). Also, presumably
due to their amnestic and sedative side-effects, benzodiazepines interfere with the
acquisition rather than the expression of cue-conditioned fear (Scaife et al., 2005).
However, an effect on fear potentiated startle very similar to the present was recently
reported by Grillon et al. (2003) using the glutamate antagonist LY354740.
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Several neurobiological mechanisms may play a role in the anxiolytic effects of
testosterone. Testosterone may serve as a prohormone for neuroactive steroids that
act upon GABA-a benzodiazepine receptors (Bitran et al., 1993). However, this cannot
explain the present divergence from findings with benzodiazepines. Another likely
pathway involves genomic effects of 5�-reduced metabolites such as dihydrotestosterone
(Edinger & Frye, 2005). In agreement, androgen receptor blockers, and not GABA-a
receptor blockers, reduce anxiolytic effects of testosterone (Fernandez-Guasti & Martinez-
Mota., 2005). Finally, testosterone down regulates the hypothalamic-pituitary-adrenal
(HPA) axis during stress (Viau & Meaney, 1996), which in turn may lower corticotrophin
releasing hormone genetic expression in the amygdala and reduce fear through this
pathway (Rosen & Schulkin, 1998).
In conclusion, the present study tested and confirmed the hypothesis that a single dose
administration of the androgen steroid testosterone is capable of reducing fear potentiated
startle in humans. A deeper understanding of the role of the HPG axis and its interplay
with the HPA axis in regulating fear and anxiety may contribute importantly to finding
avenues for more selective treatment of disorders of fear and anxiety.
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Abstract

Relations between testosterone and spatial abilities are well-established, but very
few studies have looked at acute effects of testosterone on human spatial cognition.
This study tested if a single administration of .5 mg of testosterone could facilitate
immediate recall spatial memory in healthy young women. Also, testosterone’s anxiolytic
and aggression-promoting properties evidently reduce attentional processing of fearful
faces and enhance processing of angry facial expressions. Hence we predicted stronger
testosterone memory improvement for angry faces, whereas memory for fearful faces
should be relatively attenuated. These hypotheses were simultaneously tested with a
task measuring immediate recall for the locations of facial expressions. Testosterone
improved performance, but not emotion-specific. This is the first causal evidence of
testosterone’s acute effect on non-delayed spatial memory in women
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Introduction

Testosterone and its metabolites have repeatedly been implicated in superior spatial abilities. 
Evidence of relations between sex hormones and spatial abilities has accumulated
across studies ranging from description of human sex differences to controlled
neuroendocrine studies in animal models. Reports of sex differences for spatial
abilities have been made for spatial navigation (Driscoll, Hamilton, Yeo, Brooks, &
Sutherland, 2005), more complex spatial tasks such as mental rotation (Hines,
Fane, Pasterski, Mathews, Conway, Brook, 2003; Moffat & Hampson, 1996), and
even spatial visual-motor performance (Watson & Kimura, 1991). Such sex differences
have also been reported for a variety of non-human species (e.g. rodents and primates:
Jones & Watson, 2005; Lacreuse et al., 2005), rendering socio-cultural explanations
for this sex difference rather unlikely and suggesting an important organizing role
for the sex-hormones. Also, spatial abilities decline with age in human (Barrett-
Connor & Kritz-Silverstein, 1999) and non-human (Lacreuse et al.) males specifically,
which suggests a maintenance role and thus activational effects of circulating sex-
hormones. Also, causal evidence for testosterone’s facilitating effects on spatial
ability has been reported in both non-human and human studies. For example,
Jones and Watson studied a group of male rats with a genetic deficiency of the
androgen receptor system. These feminized rodents performed in between typical
males and females on the Morris Water Maze test (measuring spatial memory).
Such effects can be the result of both organizing and activational effects of
androgens, but also causal evidence of activational effects has been reported.
Janowsky, Chavez, and Orwoll (2000) treated older men with testosterone for six
weeks and found resultant improvement visual working memory. Cherrier et al.
(2001) treated healthy older men with testosterone for several weeks. After three
and six weeks of treatment, these men showed improvement in both spatial and
verbal memory. Janowsky, Oviatt, and Orwoll (1994) treated healthy older men
with testosterone for three months. This restored their testosterone levels to levels
typically found in young men, which improved spatial performance specifically,
not cognitive capacity in general. Most recently, Cherrier et al. (2005) reported
improvement in specifically spatial abilities in men with Alzheimer disease and
mild cognitive impairment. These latter studies provide evidence of activational
effects on spatial cognition after several weeks of treatment. However, studies
testing testosterone administration and spatial memory in healthy populations are
quite scarce. The present study was designed, firstly, to test if immediate recall
spatial memory can be improved by a single administration of testosterone in healthy,
young human females. A non-linear relation between circulating testosterone and
spatial abilities has been proposed (Gouchie & Kimura, 1991; Janowksy et al.,
1994; Moffat & Hampson, 1996; O’Connor, Archer, Hair, & Wu, 2001), suggesting
that young women should be sensitive to facilitating effects of testosterone on
this test.
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Testosterone is also importantly involved in motivated behavior. A host of animal
and human studies have established correlational and causal evidence that testosterone
facilitates aggression and violence (Archer, 1991; Banks & Dabbs, 1996; Dabbs,
Jurkovic, & Frady, 1991; Dabbs & Hargrove, 1997) and dominance (Bouissou, 1978;
Mazur & Booth, 1998). Conversely, testosterone reduces fear and anxiety (Aikey,
Nyby, Anmuth, & James, 2002; Boissy & Bouissou, 1994; Edinger & Frye, 2005;
Hermans, Putman, Baas, Koppeschaar, & van Honk, in press; Van Honk, Peper, &
Schutter, 2005), and reduces depression (Orengo, Fullerton, & Tan, 2004). Together,
such findings compellingly show that testosterone facilitates approach motivation
and inhibits withdrawal motivation (van Honk, Schutter, Hermans, Putman, Tuiten,
& Koppeschaar, 2004).

One very important human function of motivational processes –and the neuroen-
docrine regulation thereof- is to prime the attentional and mnemonic systems to
selectively process those stimuli that are, through ecological contingency, most likely
of importance in a certain motivational state. For instance, when anxious motivation
dominates, people are more likely to have their spatial attention guided by facial signals
of fearful perception of a certain location in space (Mathews, Fox, Yiend, & Calder,
2003; Putman, Hermans, & van Honk, in press). Concordant with the fear-reducing
properties of testosterone, increased vigilant responding to fearful faces is diminished
by administration of testosterone (Van Honk et al., 2005). Motivated attentional
responding to angry faces on the other hand, is not only found to be related to
anger and a more general measure of approach motivation (Putman, Hermans, & van
Honk, 2004a), but is also positively related to testosterone levels (Van Honk et al.,
1999). This latter finding is in agreement with the notion that aggressive and dominant
personality styles are associated with higher levels of testosterone (Mazur & Booth,
1998, Salvador, Suay, Martinez-Sanchis, Simon, & Brain, 1999). Moreover, a causal
role for testosterone in above processes is supported by findings of increased cardiac
responding to angry faces after testosterone administration (Van Honk et al., 2001).
In sum, biases of increased processing of angry and fearful faces have been established
and testosterone is thought to influence these biases in aggression-promoting and fear-
reducing manners, reflected in increased processing of angry faces and decreased
processing of fearful faces. 
Attentional selectivity likely plays an important role in the first stage of spatial
memory, and earlier it was found that relations between cortisol levels and this
memory performance for expressive faces mirrored such relations as found in tasks
measuring selective attention (van Honk et al., 1998; van Honk, Kessels, Putman, de
Jager, Koppeschaar, & Postma, 2003). Hence, it is likely that the same motivational
processes that result in biased processing in attention to fearful and angry expressions,
will similarly affect processing of expressive faces in a task measuring immediate recall
of such faces. Additionally, measuring memory for the location of these expressions
simultaneously provides a measure for spatial cognition and its relation to testosterone.
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Also, by measuring memory for emotionally expressive individuals within a spatial
context, an attempt is made to achieve a rather ecologically valid measure of testosterone’s
socioemotional effects. 

The present study employed a single administration of .5 mg testosterone in a double-
blind, crossover placebo-controlled design, to test effects on spatial memory for
neutral and emotional faces. We hypothesized that administration of testosterone would
facilitate overall spatial memory. Also, based on the above, predictions concerning
motivated memory performance and mediation thereof by testosterone were as follows.
We predicted that a performance bias indexing better performance for fearful faces
compared to neutral faces in the placebo condition would be attenuated by admin-
istration of testosterone, due to the fear- and vigilance-attenuating properties of
testosterone as outlined above, and specifically based on the study by Van Honk et al.
(2005).  It was also predicted that testosterone administration would increase the memory
bias for angry faces Happy faces were included in the task to control for potential
effects of testosterone on biased performance for generally emotional faces. 

Materials and methods

Participants
Twenty healthy right-handed young women aged 18 to 23 years (mean age 19.5)
participated in the experiment. All reported no history of neurological, psychiatric or
endocrine illness and no smoking or use of recreational drugs. Only women who
were fully free from medication, or used single-phase contraceptives only were
included. The study was approved by the local medical and ethical committee, and
all participants provided written informed consent. Only women were tested for several
reasons. Firstly, pharmacokinetics, psychophysiological, and behavioral effects of the
employed administration method have so far been tested only in young females
(Tuiten, van Honk, Koppeschaar, Bernaards, Thijssen, & Verbaten, 2000). Secondly,
because of presumed non-linear relationships between testosterone and spatial cognition,
healthy young women are likely optimal for testing effects of the presently used T
administration method (see discussion).

Design
A double-blind, placebo-controlled design was employed with order of drug admin-
istration (placebo on the first day, testosterone on the second day or vice versa)
counterbalanced as between subject factor. All test sessions took place after 1230h
within the first ten days of the menstrual cycle, separated by at least 48 hours. Drug
administration took place after 900h, with time of day held constant across both
test sessions. Behavioral testing was done in the afternoon, approximately four
hours after drug administration.
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Drug
Testosterone levels were manipulated with a sublingual administration of .5 mg of
testosterone, 5 mg of the carrier hydroxypropyl-beta-cyclodextrine, 5 mg ethanol, and
5 ml of water (identical, save testosterone, for the placebo solution). Participants held
the solutions beneath the tongue for at least one minute before swallowing. Tuiten
et al. (2000) describe the pharmacokinetic effects of this administration procedure: within
several minutes after administration, serum testosterone levels rise to approximately
24 nm/L, which quickly tapers off and reaches baseline around 1.5 h after administration.
Psychophysiological effects of this administration peak at about 3 to 4.5 h after intake
(Tuiten et al.). This administration method has been shown repeatedly to result in
psychophysiological, neural, and behavioral effects (see Aleman, Bronk, Kessels,
Koppeschaar, & van Honk, 2004; Hermans et al., in press; Postma, Meyer, Tuiten, van
Honk, Kessels, & Thijssen, 2000; Schutter, Peper, Koppeschaar, Kahn, & van Honk,
2005; Tuiten et al.; van Honk et al., 2001; van Honk et al., 2004; van Honk et al.,
2005). Presently, a delay of 4 hours between testosterone-placebo administration and
measurement of mood and experimental task performance was therefore again applied.

Materials
Stimuli were oval cut-outs of grayscaled photographs of neutral, happy, fearful, and
angry faces from 8 actors (four males and four females) from the Karolinska Directed
Emotional Faces stimulus set (Lundqvist, Flykt, Öhman, 1998) . These stimuli were
implemented in the Object Relocation Task program (Kessels, Postma, & de Haan,
1999)  for presentation, performance, and data collection (see also Putman, van
Honk, Kessels, Mulder, & Koppeschaar, 2004b). 

Procedure
The memory task presented participants with 25 second displays of eight faces located
randomly within an empty square. After this 25 second learning phase, participants
immediately relocated the faces. In the relocation phase, the eight faces were hori-
zontally lined up in random order above the square and could be replaced in any
order the participant chose. Relocation was facilitated by presenting eight black dots
in the locations where the faces had been presented, and participants had to relocate
the faces to the right location by use of the computer mouse. Participants were free
to correct relocation of individual faces and could terminate a trial themselves when
they believed they had adequately relocated the stimuli (see Kessels et al., 1999).
Twelve such trials were presented in succession. Each trial contained eight faces;
four of these were neutral (two males and two females) and four were emotional (all
four either angry, happy, or fearful; two males and two females). There were two
versions of the task to allow repeated measures; one version of the task started with
four neutral-angry trials, followed by four neutral-happy trials and ended with four
neutral-fearful trials and for the other version, positions of the first and last blocks
were switched. The trial stimuli were randomly generated for the two versions separately.
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Performance of the memory task lasted approximately 15 minutes.
To derive dependent measures, total numbers of correct relocations for the separate
emotional expression conditions were summed and for the overall score for neutral
faces, the mean from performance for neutral faces in the three emotional expression
conditions was computed. Thus, four performance scores were obtained which can
a priori range from zero to 16 correct relocations. However, when a participant scores
the absolute minimum of zero or the absolute maximum of 16 on one or more of
the performance scores, decreases or increases in performance become operationally
immeasurable, hence such participants were removed from analyses to eliminate bias
against rejection of the null-hypothesis. For the 13 remaining participants, five
received testosterone on the first day, and eight received testosterone on the second day
of testing. To test the overall effect of testosterone on non-specific memory performance,
all scores were averaged in an overall performance score. For expression-specific
hypotheses, measures for biased processing were calculated by subtracting performance
for neutral faces from performance for emotional faces. When these bias scores are
greater than zero, they signify better performance for emotional versus neutral faces.
For statistical testing, � was set at .05, two-tailed.

Results

To test effects of testosterone on memory performance, a repeated measures ANOVA
was run with Expression (4) X Drug (2) as within-subject variables and Order (2) as
between-subjects factor. There was no main effect or interaction involving Order
and so the model was repeated without this factor. This showed no main effect of
Expression: F(3,10)= 1.12; n.s. and no interaction between Drug and Expression:
F(1,10)= .535; n.s., but a highly significant main effect of Drug: F(1,12)= 18.4; p= .001.
This main effect of drug showed that overall memory performance was significantly
improved in the testosterone condition.

Table 7.1

expression placebo testosterone

mean st. dev. mean st. dev.

neutral 9.43 1.95 10.69 2.65

happy 9.61 2.69 11.38 2.63

angry 9.15 3.76 11.69 2.17

fearful 10.07 2.92 11.84 2.07

overall 9.52 1.78 11.16 2.08

Means and standard deviations (n=13) for performance for the various expressions in placebo
and testosterone conditions separately.
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Figure 7.1

Illustration of effects of drug on the various performance measures. Bars indicate means and
standard of the mean error bars for the within-subject difference between testosterone minus
placebo performance on the various face types (neutral faces collapsed across all conditions)
and for overall performance (all face types collapsed). Positive scores indicate better performance
for testosterone. Although the effect of testosterone is largest for the angry faces, conform
expectations, this effect is not reliably different from the testosterone effect on performance
for other expressions. Asterisks indicate reliability estimates for paired sample t-test comparisons
of performance for testosterone minus placebo (* p< .05, * * p< .025, * * * p< .0025; all two-tailed
and uncorrected for multiple comparisons).

As can be seen from figure 1, performance does not seem equally affected by the
testosterone manipulation for the various expressions. To provide more detailed information
on the testosterone effect, paired sample t-tests (uncorrected) were performed. These
show that the testosterone effect for neutral and angry faces separately are t(12)=
2.76; p= .017 and t(12)= 2.38; p= .035 respectively. The testosterone effects for happy
and fearful faces remain trends with t(12)= 1.79; p= .099 and t(12)= 1.76; p= .103
respectively. So, not all separate measures show equally reliable improvement, but since
the Expression X Drug interaction was not reliable, the most informative comparison
is between placebo and testosterone performance for overall performance. 

To test the motivational hypotheses of testosterone effects on biased processing, an
Expression Bias (3) X Drug (2) repeated measures ANOVA was run. This showed only
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a main effect for Expression Bias with F(2,11)= 4.54; p= .036, which reflected overall
smaller fearful bias scores compared to the other bias scores, irrespective of Drug
condition. The model showed no main effect for Drug and no Drug X Expression
Bias interaction.

Discussion

This study tested acute motivational and cognitive effects of a single administration
of testosterone on immediate recall spatial memory. No evidence was found for the
specific motivational hypotheses, but results did show a strong improvement in overall
spatial memory.

Ample evidence of non-specific memory enhancing (both organizing and activating)
effects of sex-hormones has been reported for various species, and although there
is a clear link between testosterone and superior spatial abilities, some studies have
shown no or only partial evidence (e.g. Hines et al., 2003; Halari, Hines, Kumari,
Mehrota, Wheeler, & Ng, 2005), or even detrimental effects of testosterone on spatial
abilities (e.g. O’Connor et al., 2001). Some have argued that, possibly, the matter is
partly of a methodological nature, by suggesting a dose-dependent relationship
wherein larger levels of testosterone may lead to performance attenuation (Gouchie
& Kimura, 1991; Janowsky et al., 1994; O’Connor et al.). The concept assumes that,
as has been proposed for the relation between glucocorticoids and memory performance,
the relation between testosterone (or its 5�-reduced or aromatized derivatives) and
memory performance is best described as an inverted U-shaped curve. Low levels of
testosterone are then associated with poor performance on spatial memory, as are
high levels, and mid-spectrum testosterone levels should assure optimal performance.
Instances of this lower sex-hormone spectrum and its relation to spatial performance
are for example earlier cited studies reporting poor spatial performance for older
males, hypogonadal men, patients with congenital adrenal hyperplasia, androgen
insensitive male rats, and the well-established observation of poorer spatial abilities
in females of various species (Barrett-Connor & Kritz-Silverstein, 1999; Driscoll et
al., 2005; Hines et al., 2003; Jones & Watson, 2005; ; Lacreuse, et al., 2005; Moffat &
Hampson, 1996). Several studies have established that spatial abilities in such lower
spectrum subjects increase after testosterone treatment, see for example Janowksy
et al. (1994), Cherrier et al. (2001) and Cherrier, Craft, & Matsumoto (2003) for older
and hypogonadal men. Conversely, O’Connor et al. (2001) have reported how spatial
memory performance decreased after testosterone treatment in healthy young men,
possibly reflecting the assumed worse performance in the high end of the spectrum. The
usually observed superior performance of healthy young men is then the mid-spectrum
optimum. Given this hypothesized non-linear relation between testosterone and spatial
performance, it is important to note that the present data were gathered in healthy
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young women. It is quite possible that the experimental increase of testosterone levels
in the present subjects who are presumably in the low testosterone spectrum, resulted
in the hypothetical optimum, whereas, for subjects with higher endogenous testosterone
levels, direct effects of transiently increased testosterone levels might not result in
facilitation of spatial memory. Therefore, it might be unwise to prematurely generalize
the present findings to, for example, young healthy male populations.  

As stated, reports by Janowsky et al. (1994) and Cherrier et al. (2001), clearly show
facilitating activational effects of testosterone on performance on spatial tasks in older
men. Cherrier et al. (2003) report beneficial effects of androgens in mildly hypogonadal
men, and Cherrier et al. (2005) report beneficial effects in men with Alzheimer’s disease
and mild cognitive impairment. These studies complement correlational data demon-
strating sex-specificity in spatial abilities, by clearly showing that testosterone’s relation
to spatial faculties are not restricted to organizing effects. Whereas these three studies
reported effects of prolonged androgen treatment, the present data show that activational
effects of sex-hormones can occur very rapidly, within a matter of hours. An interesting
question is whether testosterone’s facilitating effect on spatial cognition is mediated
by androgen receptors or if this relation reflects activity of estrogen receptors after
aromatase. A recent study by Gibbs (2005) suggests that at least rodent spatial working
memory is mediated by androgen receptors and does not rely on estradiol. Similarly,
a study by Edinger and Frye (2004) reports facilitating effects on memory from 5�-
reduced testosterone metabolite. Also In human research, androgen receptors seem
more clearly involved in testosterone’s effect on spatial cognition (Cherrier et al.,
2003; Choi & Silverman, 2002). The administration method employed in the present
study leads to reliable psychological and psychophysiological changes after a few hours
(see e.g. Tuiten et al., 2000; Van Honk et al., 2001; 2005). Given this small delay between
administration and measurable action, involvement of reductase or aromatase can
not be excluded as candidate mechanisms.  

Most previous studies into activational effects of testosterone concern treatments
lasting weeks to months. An exception is a study by Postma et al. (2000). These
authors reported evidence for a facilitating effect of testosterone only on delayed
memory for object location, but not for immediate relocation (spatial working memory)
of these objects, suggesting that only consolidation and/or retrieval of spatial information
can be affected by testosterone administration. Aleman et al. (2004), employing the
same testosterone administration procedure, reported improved performance on a
mental rotation task, suggesting that testosterone can have acute effects on spatial
cognition (working memory) other than on the later stages of memory processing as
suggested by the report by Postma et al. The present results for overall non-delayed
spatial memory support this notion. Since spatial (working-) memory is involved in the
processes measured in both of these studies, one could surmise that direct activational
effects of testosterone on the earliest stage of spatial memory provide a functional
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explanatory basis for these reported effects. This and other hypotheses concerning
testosterone’s effects on separate encoding, consolidation, and retrieval processes
can be tested with the presently employed administration method in future studies.
The rather fast mechanism of action allows controlled administration timed to these
various stages of mnemonic processing, as has been done to study the mechanisms
of cortisone’s influence on memory (de Quervain, Roozendaal, Nitsch, McGaugh, &
Hock, 2000).

Expression-specific motivational hypotheses were also put forth, but they were not
supported. Putman et al. (2004a) reported that motivated vigilant attention for
angry faces is positively related to subjective reports of anger and general
approach motivation (as is testosterone), and more importantly, in an earlier study,
this motivated attentional bias to angry faces was found to be predicted by higher
basal levels of testosterone, both in men and women (Van Honk et al., 1999). Also,
a cardiac measure of psychophysiological responding to perception of angry faces
is increased by testosterone administration (Van Honk et al., 2001). It was therefore
hypothesized that testosterone administration would specifically facilitate biased
performance for angry faces in the present paradigm. Although the performance
improvement after testosterone was indeed largest for angry faces, the lack of
interaction between expression and drug for the bias scores provides no support
for this hypothesis.

Recently, psychophysiological data from our lab confirmed that the presently employed
testosterone administration method has acute anxiolytic potency (Hermans et al., in
press). Van Honk et al. (2005) showed that selective attention for fearful faces, which
was present in the placebo condition, disappeared after administration of testosterone
with the method that was presently employed. This confirmed that administration of
testosterone can have fear- and vigilance reducing anxiolytic effects on this automatic
attentional response to fearful faces. The present study tested if a similar performance
bias for fearful faces in spatial working memory would likewise be diminished by
testosterone administration. Results provided no support for this prediction. However,
any null-finding should be considered with caution. Specifically, the strong overall
mnemonic improvement after testosterone may have obscured any expression-specific
effects of testosterone.

In sum, the present study found no evidence for motivational effects of testosterone,
but did show improvement of immediate recall spatial memory performance. Though
presently not much can be said about the specifics of the neuroendocrine mech-
anisms involved, this provides the first causal evidence that a single administration
of testosterone can acutely improve immediate recall spatial memory in healthy
young females. 
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Abstract

Background 
Increased HPA activity is associated with fear and anxiety, but exogenous glucocorticoids
might result in acute fear-reduction. Moreover, transient cortisol elevation during
the direct aftermath of traumatic experience protects against development of PTSD
symptoms. The present study investigated if exogenous cortisol moderates states of
fear and cognitive processing of threatening experiences which are key processes in
the pathogenesis of PTSD and other anxiety disorders. 

Methods 
Self-reported anxiety and motivated attention to threat were assessed in 20 healthy
young men after double-blind, placebo-controlled administration of 40 mg cortisol.
Motivated attention to threat was assessed by a masked emotional Stroop task,
measuring responsivity to fearful faces presented below the threshold for conscious
perception.

Results 
Participants’ anxiety levels predicted pre-conscious attention to fearful faces after
placebo. This vigilant fearful response was abolished by cortisol administration.

Conclusions
This is the first evidence that exogenous cortisol acutely reduces fearful vigilance to
threat-related information, and extends earlier psychophysiological findings indicating
acute fear-reduction after glucocorticoid administration. Neurobiological mechanisms
are discussed and it is argued that transient cortisol elevations may protect against
disorders of fear and anxiety through attenuated processing of threat-information.

134 CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS



Introduction

The hypothalamus-pituitary-adrenal (HPA) axis is importantly involved in motivation,
emotion, and psychopathology. Specifically corticotropin-releasing factor (CRF) and
the glucocorticoids (GCs; cortisol in man and corticosterone in rats) are involved in
central and physiological aspects of stress, fear and anxiety, and depression. For
instance, basal levels of cortisol are tonically elevated in extreme inhibition and shyness
in human (Smider et al., 2002; Kagan et al., 1987) and nonhuman primate infants
(see Kalin, 2003), heightened trait anxiety (Takahashi et al., in press; Brown et al.,
1996), panic disorder (Wedekind et al., 2000) and depression (Galard et al., 2002).
Conversely, posttraumatic stress disorder (PTSD) is thought to be associated with
decreased basal levels (Yehuda, 1997; although see a recent epidemiologic study by Young
and Breslau (2004), negating this assumption). Enhanced HPA stress-responsivity has
been reported for panic disorder (Strohle et al., 2000) and depression with comorbid
anxiety (Young et al., 2004). CRF plays an important role in these affective states:
enhancement of CRF levels and agonistic CRF-receptor manipulation have been
found to cause fearful and depressed behavior in various species (e.g., Strome et al.,
2002) and CRF is considered of important influence in affective states and disorders
(see Arborelius et al., 1999). 

Many studies have related motivation to levels of circulating GCs, often as an indirect
measure for, most importantly, CRF activity. However, GCs themselves also modulate
affective states and behavior. Specifically studies testing the effects of prolonged
treatment in animal models have provided evidence for this. For instance, treatment
with corticosterone in rats leads to increased CRF gene expression in the amygdala
which sensitizes these animals for increased fearful and anxious reactivity (see Rosen &
Schulkin, 1998). These effects of exogenous GC elevation suggest a functional mechanism
wherein repeated or continuous exposure to stressful environmental circumstances
(with consequently increased GC levels) leads to increased sensitivity of fear-regulating
brain circuitry to respond fearfully to motivationally relevant stimuli in the (apparently
dangerous) environment (see also Schulkin et al., in press). Such increased HPA activity
and its behavioral adaptiveness will however eventually come at a great cost, for prolonged
GC elevation seriously damages the body and the brain. HPA negative feedback serves
to restrict such unduly great allostatic load (McEwen & Wingfield, 2003). 

Some paradoxical findings have been reported for exogenous GC administration.
Whereas, as outlined above, endogenous HPA hyperactivity and prolonged exogenous
GC elevation are associated with depressive and fearful behavior, acute effects of
exogenous GC seem to affect motivational processes in an opposite direction, with
fear-reducing and anxiety-protective effects. Only a few studies have reported on
this important issue so far. 
Buchanan et al. (2001) observed acute reduction of the acoustic startle reflex in
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healthy human volunteers (the startle reflex is a psychophysiological index of anxious
and fearful motivation that can be measured reliably in humans and animal models;
see Grillon & Baas, 2003). Single administration of 20 mg cortisol, unlike 5 mg,
reduced fearful responsiveness, suggesting acute fear-reducing effects of exogenous
cortisol at higher dosages. This effect had already been demonstrated for systemic
infusion of corticosterone in rats (Sandi et al., 1996). Since then, a few studies have
tested various dosages in healthy subjects, but not one report focuses specifically on
this reported fear-reducing effect (Abercrombie et al., 2003; Kuhlmann et al., 2005;
Tops et al., 2005; Tops et al., in press). Recently, several studies have established
how exogenous cortisol elevations increase resilience against the development of
PTSD (Schelling et al., 2001; 2004a; 2004b). 
For affective disorders in general, and specifically for the disorders of fear and anxiety,
a broadly held assumption is the idea that selective processing of motivationally relevant
information (e.g., selective attention or selective memory for emotional information,
or increased neural processing of emotional stimuli) plays an important role in the
development and maintenance of psychopathology (Beck & Emery, 1985; Mogg &
Bradley, 1998). Indeed, increased fear and anxiety have been reported to predict
increased amygdala responding (Rauch et al., 2000; Thomas et al., 2001) and selective
attentional responses to fearful faces (e.g. Putman et al., in press). For PTSD specifically,
selective memory might play an important role. PTSD develops in response to well-defined
traumatic experiences, and PTSD patients are plagued by vivid memories thereof. 
HPA activity is involved in memory formation, perhaps specifically for emotional
information (Roozendaal, 2000; Buchanan & Lovallo, 2001; Putman et al., 2004b;
Kuhlmann et al., 2005).  Delahanty et al. (2000; 2003) reported how higher urinary
cortisol levels during the immediate aftermath of traumatic experiences (motor
vehicle accidents) predict or mediate subsequent occurrence of PTSD symptoms in
response to this trauma. Schelling et al. (2001) causally tested the hypothesis that
elevated cortisol levels at the time of traumatic experiences might reduce the incidence
of subsequent PTSD through cortisol’s mediating effect on the encoding and
consolidation of (emotional) information. Although administration of cortisol in
patients going through life threatening traumatic hospitalization indeed reduced
PTSD symptoms in response to this experience, no evidence was found for the
memory hypothesis. The same pattern of results was reported twice more, with
various cortisol administration regimes (Schelling et al., 2004a; 2004b). Most
recently, Aerni et al. (2004) reported how low dose cortisol treatment in PTSD
patients reduces symptom severity, including the incidence of traumatic memories.
These important studies, in accordance with reported acute fear-reducing effects
(Buchanan et al., 2001), strongly suggest that exogenous cortisol can have anxiety-
protective effects, possibly due to cortisol’s mediation of motivated memory for
threatening stimuli. Such a mechanism, whereby short-term effects of cortisol during
the immediate aftermath of a stressful occurrence directly modulate fear and motivated
information processing, would seem very adaptive. 
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Importantly, information can not be remembered when it is not properly encoded
and the level of attentional processing that a stimulus undergoes determines strength
of encoding (Naveh-Benajmin et al., 1998). Therefore, it is important to look at
the effects of exogenous cortisol, not only on motivated memory (Schelling et al.,
2000; Abercrombie et al., 2003; Schelling et al., 2004a; 2004b; Kuhlmann et al.,
2005), but also on attentional processing of threat, specifically attentional processing
of fearful faces. Increased processing of fearful faces is an early and automatic
motivational process which is mediated to an important extent by the amygdala,
the fear and vigilance center of the brain (Whalen et al., 1998;  Rauch et al., 2000;
Thomas et al., 2001; Vuilleumier, 2002).  Recently, van Honk et al. (2005) reported
how exogenous testosterone (which has repeatedly been shown in animal research
to carry fear-reducing potency; see van Honk et al., 2005) acutely reduced selective
motivated attention in a so-called masked fearful Stroop task, without reducing
self-reported anxiety. This paradigm measures strength of attentional processing of
fearful faces that have been presented below the threshold for conscious perception.
This pre-conscious manipulation prevents more cortical-cognitive strategies during
processing of the threatening stimulus and consequently measures core-motivational
responsivity (see McNally, 1998; Rauch et al., 2000). The masked emotional Stroop
task is therefore very suitable to test acute effects of exogenous cortisol. Single-
administration cortisol studies have so far reported no effects on explicit self-report
measures of affect (Buchanan et al., 2001; Abercrombie et al., 2003; Tops et al.,
2005). It could be that relatively subtle acute psychopharmacological effects of
single-trial administration studies on implicit, non-cognitive measures are more
readily revealed compared to cognition-based self-reports (see Harmer et al., 2003;
2004; Bhagwagar et al., 2004; Booij et al., 2005).

Hypotheses for the present study were that the vigilant response to masked fearful
faces after placebo (van Honk et al., 2002; van Honk et al., 2005) would be more
pronounced in anxiety-prone participants and that a single administration of 40 mg
cortisol would reduce this fearful attentional responding. 

Methods

Participants
Twenty healthy, non-smoking young men recruited from campus were tested in a
double-blind crossover design. Only men were tested to exclude possible confounds
from endogenous menstrual hormone fluctuation. All were medication and drug
free, had no (history of) psychiatric, endocrine or neurological illness, and all had
agreed to refrain from use of alcohol for at least two days prior to testing. Drug
administration was varied double-blind within-subjects. Order (placebo or cortisol
on the first day of testing) was counterbalanced between subjects. Placebo and cortisol
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were administered orally in identical capsules with 360 mg primogel or 320 mg pri-
mogel + 40 mg hydrocortisone. The study was approved by the local medical ethical
committee and all participants provided informed consent. Mean age was 20.1 ranging
from 18 to 23 years. Participants received payment for participation in the study.

Materials
To measure self-reported anxiety on testing days,  a computerized state version of the
State-Trait Anxiety Inventory (STAI-s; Spielberger et al., 1970) was used.
The face stimuli were gray-scaled oval cut outs of neutral and fearful expressions
from 10 actors (5 female) from the Pictures of Facial Affect (Ekman & Friesen, 1976)
and the Karolinska Direct Emotional Faces (Lundqvist et al., 1998), colored red, blue,
and green. Masking stimuli were equally colored, contrast rich oval configurations
of randomly reassembled fragments of face stimuli, without any remaining noticeable
facial features. 
A Psychology Software Tools (PST) serial voice response box and microphone were
used to measure vocal response latencies on the emotional Stroop task. The emotional
Stroop task and a test of awareness of the target stimuli were programmed in the
PST software package E-Prime and displayed on a 72 Hz 17” CRT monitor at a viewing
distance of approximately 60 cm in a dimly lit room.

Procedure
The placebo and cortisol test-sessions were held on different days, separated by at
least 72 hours. Administration of cortisol or placebo was always done after 1200h
and no later than 1530h, at least 1.5 hours after food intake and at the same time
on both days for each participant. State anxiety measures (see below) were taken
just prior to administration. After capsule administration, participants were told to
refrain from extraneous physical activity or food intake and to return to the lab to
continue testing 1 hour after administration. After their return to the lab, participants
again provided self-report data on state anxiety. Performance of the emotional
Stroop task was assessed after this second anxiety rating (approximately 75 min after
drug administration) and was succeeded by performance of a task testing conscious
awareness of the face stimuli as displayed in the emotional Stroop task (awareness
check; see below).

Masked Emotional Stroop task
The emotional Stroop task consisted of 120 trials. Masked fearful or neutral faces were
presented colored red, blue and green, and participants’ task was to vocally identify
the colors as fast as possible without making mistakes. After 750 ms presentation of
a central fixation cross, a face was presented for 14 ms (one monitor refresh-cycle)
and immediately replaced with a contrast rich masking pattern in the same color for
290 ms, totaling 304 ms of presentation of colored stimuli. No response measures
were taken during stimulus presentation, factually creating a 304 ms lower cut off for
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response latency measurement. This presentation method ensures that participants
can not consciously perceive the face stimulus, but only see the colored mask. The
next trial started after computer registration of the vocal response and an intertrial
interval that varied randomly between 1.5 and 2.5 s. Expression category, actor and
stimulus color were all counterbalanced and trials were run in random order. Vocal
responses were audio recorded to check for accuracy. 

Awareness check
This control task measures objectively if participants are capable of consciously perceiving
the masked facial expressions presented in the emotional Stroop task. The awareness
check consists of 60 trials that presents 30 neutral and 30 fearful faces in the exact
same manner as the emotional Stroop task, in random order. Participants are
instructed to indicate, if necessary by guessing, if a presented masked face had been
neutral or fearful. 

Data reduction
For the emotional Stroop task, trials that had been mistakenly responded to were
removed before latency analyses. For the remaining trials, first all trials with a
response latency (measured from onset of the face stimuli) above 900 ms were
removed. Then, all trials with latencies more than 3 standard deviations above or
below the individual mean were removed. These procedures for data cleansing left
on average 114 (95%) analyzable trials per session. Mean response latencies for
neutral and for fearful faces separately were then calculated. A fearful bias score
was obtained by subtracting mean response latency to neutral faces from mean
response latency to fearful faces. Positive bias scores thus indicate greater attentional
capture by fearful as compared to neutral faces. For all statistical testing, � was
set at .05 (two-tailed). A factor Order (either placebo or cortisol on the first day
of testing) was entered in all statistical models. Since none of the analyses showed
any main effects or interactions concerning Order, this factor was removed from
analyses and is not further mentioned in statistical reports below.

Results

Awareness check
A T-test was performed to see if the number of correct responses on the awareness check
differed as a function of Drug (placebo versus cortisol). This showed no difference
on awareness in these two conditions: t(19)= 1.30, n.s. Because awareness of target
stimuli was not mediated by Drug, the two separate measures of 60 trials were collapsed
to provide a more reliable measure of awareness during Stroop performance. For a
binomial test with n=120 and �= .5, the individual cut off-score (�= .05) lies at 70
correct responses. Of the twenty participants, four participants scored 70 or more on
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the test and so their data were removed from all analyses reported below6. For the
16 remaining participants, mean number of correct responses was 60.1 which is not
significantly larger than the chance performance score of 60: t(15)= 0.87, n.s.

Questionnaire scores
STAI-s
To test for effects on self-reported state anxiety, STAI-s scores were entered in a
general linear repeated measures ANOVA with Time of testing (prior to administration
versus prior to testing) and Drug as within subjects factor. This showed no main effect
of Time: F(15)= .472, n.s., no main effect of Drug: F(15)= .022, n.s., nor was there
a Time X Drug interaction: F(1,15)= 1.03, n.s. Even direct comparisons between the
STAI-s scores for placebo versus drug per time of testing did not yield any reliable
effects of Time or Drug. The correlation between the STAI-s measures prior to
Stroop testing for placebo and cortisol sessions showed �= .804, p= .000. Therefore,
to test if anxiety influenced the emotional Stroop results, these pre-testing STAI-s
scores for placebo and cortisol were collapsed into one variable (Anxiety) reflecting
stable STAI-s prior to Stroop performance. The sixteen participants scored a median
of 32.5. Allocation of participants to low and high Anxiety groups, using the median
as cut-off score, resulted in a low Anxiety group of 8 participants with a mean Anxiety
score of 26.9 and a high Anxiety group of 8 participants with a mean Anxiety score
of 37.6 (p= .000).

Emotional Stroop task
On average, 4 (3.3.%) errors were made in the emotional Stroop task, and non-parametric
testing showed that numbers of errors were not different for any of the within- or
between-subject conditions or interactions thereof.

Table 8.1

overall low Anxiety high Anxiety

RT placebo CORT placebo CORT placebo CORT

neutral faces 492 (60) 476 (46) 468 (44) 453 (21) 516 (67) 499 (53)

fearful faces 504 (64) 477 (45) 470 (41) 458 (20) 537 (66) 497 (55)

fearful bias 11 (18) * 1 (10) 2 (16) 4 (7) 20 (15) ** -2 (13)

Mean raw data (RT’s) and mean bias scores (individual mean RT fearful – individual mean RT
neutral) for placebo and cortisol conditions, for the whole participants sample (n=16) and sep-
arately for low and high Anxiety groups (both n=8). Standard deviations are provided in paren-
theses. *  p< .05; ** p< .01.

140 CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS

6 All reported analyses have also been performed on all twenty participants including those
who did not pass this strict and conservative (see van Honk et al., 2005) criterion for non-
awareness. The pattern of results was the same, with crucial tests that are significant in the
n=16 analyses also significant in the n=20 analyses.



Mean response latencies (see table 1) were entered in an Expression (2) X Drug (2)
repeated measures ANOVA. A main effect of Expression showed F(1,15)= 5.348, p=
.035. There was also a main effect of Drug: F(1,15)= 4.59, p= .049, as well as an
Expression X Drug interaction effect: F(1,15)= 4.64, p=. 048. 

To test the influence of participants’ anxiety levels, Group (low versus high Anxiety) was
entered into the model as a between-subject factor. There was reliable main effect of
Expression, F(1,14)= 5.33; p= .037 and a reliable Expression X Drug interaction, F(1,14)=
8.10; p= .013. The crucial Expression X Drug X Group interaction showed F(1,14)= 12.18,
p= .004. There was also a reliable between-subject main effect of Group showing that
high Anxiety participants were overall somewhat slower than low Anxiety participants:
F(1,14)= 5.10, p= .040. There were no other significant interactions or main effects.

Because of the significant three-way interaction showing that cortisol’s influence on
expression-selective performance contrasted between the two groups, the Expression X
Drug model was run separately for the two groups. For the low Anxiety group, there
were no significant main effects or interactions. T-tests also showed no reliable bias for
fearful faces in either placebo or cortisol condition. However, in the high Anxiety group,
there was a barely significant main effect of expression: F(1,7)= 5.60, p= .050, showing
slower response to fearful faces. There was no main effect for Drug: F(1,7)= 2.67, n.s.
The crucial Expression X Drug interaction was F(1,7)= 13.67, p= .008, showing that
cortisol administration reliably reduced biased processing of fearful faces. After placebo,
mean response latencies to fearful faces were reliably slower than for neutral faces;
t(7)= 3.84, p= .006 and this fearful bias was completely absent in the cortisol condition:
t(7)= -0.45, n.s. See figure 8.1 for the crucial fearful bias data.

Figure 8.1

Mean fearful bias score (individual mean RT fear – individual mean RT neutral) from the Stroop task for
placebo and cortisol conditions, for low and high anxious participants separately, as warranted by the
three-way interaction involving Group (p= .004). Higher bias scores (y-axis) indicate greater interference
from masked fearful faces. Error bars indicate the standard error of the mean for the within-subject
derived bias scores. Reliability estimates for crucial comparison are provided in the figure.
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Discussion

This study tested if exogenous cortisol elevation can reduce anxiety mediated vigilant
processing of threatening information, which is thought to play a role in the pathogenesis
of anxiety disorders. Results supported this hypothesis. High anxious participants, in
contrast to low anxious participants, demonstrated a reliable masked fearful Stroop
bias in the placebo condition, providing direct evidence of the fear-responsive nature
of the masked fearful Stroop bias. This fearful response completely disappeared after
a single oral administration of 40 mg cortisol.

There was no evidence that cortisol administration attenuated self-reported anxiety
in the present study, which is in line with previous cortisol administration studies
(Buchanan et al., 2001; Abercrombie et al., 2003; Tops et al., 2005; in press;
Kuhlmann et al., 2005). Also short term and single-trial studies for other agents have
shown affective potency in implicit measures of core affective processing without
acute effects on cognitive self-report measures of mood. For instance, Harmer et al.
(2004; 2003) and Bhagwagar et al. (2004) report motivational effects of short term
and single trial antidepressant administration on implicit experimental measures of
selective processing of emotional faces, without measurable effects on self-report
questionnaires. Similar cognitive-emotional effects without changes in mood state
have been found in studies testing effects of acute tryptophan depletion (e.g. Booij
et al., 2005). Van Honk et al. (2005) report reduction of the same implicit fear measure
that was presently used after a single testosterone administration, with no effect on
self-reported anxiety. Harmer et al. (2004; 2003) discuss how psychopharmacological
manipulations can likely alter basic neural processing of affective information directly.
Reflection of this altered processing in experienced mood develops only over time, as
a result of interactions with the environment and internal cognitive-emotional dynamics.
These results underscore the importance of including more rudimentary, non-reactive
and implicit measurements in single-trial psychopharmacological and other affective
experimental studies (McNally, 1998; Rauch et al., 2000). 

Specifically the fearful facial expression is a potent stimulus to study neuroendocrine
and attentional fear-processing (Whalen et al., 1998; van Honk et al., 2005; Putman et
al., in press). The brain’s response to perception of threat-related facial expressions
is grounded in specialized neural circuitry facilitating fast processing and autonomic
activation (see Adolphs, 2003). Even non-conscious perception (i.e., masked presentation)
of threat-related facial expressions can modulate vigilance-related neural activity
(e.g., Whalen et al., 1998; Rauch et al., 2000), endocrine activity (van Honk et al., 2000),
and behavioral responses (van Honk et al., 2005). Such effects are more pronounced
in participants with disorders of fear and anxiety, such as PTSD (Rauch et al., 2000),
and in depression (Thomas et al., 2001). According to a stringent test of subjective
awareness, the fearful Stroop bias that was presently measured originated without
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conscious registration of the target stimulus. This automatic response allows non-reactive
measurement of pure motivational processes, uncontaminated by test-expectations
and other cognition-based noise, and predicts personality traits (van Honk et al.,
2001; Putman et al., 2004a), endocrine parameters (van Honk et al., 2000; 2005),
and resilience to life stress (van den Hout et al., 1995) better than unmasked Stroop
tasks. Ellenbogen et al. (in press) report how attentional responses to masked, but
not unmasked threatening pictures is associated with HPA activity. Presently, anxiety
prior to testing was found to be a reliable predictor of the fearful Stroop bias.
Although the hypothesized effect of cortisol was present when the entire participant
sample was tested (c.f. van Honk et al., 2005), low anxious participants showed no
evidence of this bias. In contrast, and in concordance with motivational theory and
empirical findings, high levels of anxiety were associated with a reliable fear bias,
and cortisol abolished this implicit response. 

As outlined in the introduction, the HPA axis is involved in (pathological) states of
anxiety and the etiologically related depressive disorders. Only few studies have been
reported concerning acute motivational effects of single administrations of cortisol
in humans. Abercombie et al. (2003) report a study looking at memory for emotional
and non-emotional words after 20 or 40 mg cortisol administration. The 20 mg
administration resulted in overall facilitated memory performance, with no emotion-
specific effects, nor did cortisol result in changes in self-reported emotional state.
Tops et al. (2005) and Tops et al. (in press) report seemingly inconsistent results on
different measures of approach behavior for 35 mg cortisol, again without effects
on self-reported mood. Kuhlmann et al. (2005) report decreased memory performance
for negative emotional words after 30 mg cortisol. These studies were not designed
to investigate specifically effects on fear or anxiety, and thus they are not straight-
forward compatible to the presently reported study. A study that is closer in comparison,
is the 2001 study by Buchanan et al. These authors report no effect on self-reported
affect, but reliable reduction of the acoustic startle reflex after 20 mg cortisol. Such
attenuation of the startle reflex after GC administration had already been reported
for rats (Sandi et al., 1996). Thus, two studies, one human, which directly looked at
fear-related motivation, have earlier provided evidence for the notion that exogenous
cortisol acutely tempers fear. This might be counter-intuitive at first sight, because
cortisol is generally considered the ‘stress-hormone’, and several lines of investigation
point at a positive relation between endogenous cortisol levels and fearful affect (e.g.,
Kagan et al., 1987; Brown et al., 1996; Smider et al., 2002; Kalin, 2003; Takahashi et
al., in press). Also, it is known that prolonged GC treatment sensitizes fear through
increased CRF gene expression in the amygdala (see Rosen & Schulkin, 1998). How
then does a single administration carry fear-reducing potency?

Several mechanisms are possible. As also Buchanan et al. (2001) and Aerni et al. (2004)
propose, it is quite possible that fear-reducing and anxiety-protective effects of cortisol
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are indirect. Exogenous cortisol elevation should increase negative feedback of the
HPA axis in healthy participants, and might thus result in reduced CRF and ACTH
release. Specifically CRF is known to have fear-inducing properties (e.g., Arborelius
et al., 1999; Bakshi & Kalin, 2000) and is importantly involved in affective disorders
(Arborelius et al., 1999). However, also because the daily dose which reduced PTSD
symptom severity in the Aerni et al. (2004) study is not associated with suppressed
endogenous cortisol production (Cleare et al., 1999), fear-reducing effects of cortisol
administration via mechanisms other than negative feedback and CRF reduction can
not be excluded. 

Classical actions of cortisol on mineralocorticoid receptors (MRs) and glucocorticoid
receptors (GRs) do not seem likely candidates for a direct mechanism for the presently
observed effects. Although both GRs and MRs are implicated in motivational activation,
evidence shows that (limbic) GR and/or MR activity is anxiogenic in nature (e.g.
Korte et al., 1995; Smythe et al., 1997).

GABA-A is a likely candidate. Firstly, GCs, specifically cortisol (Makara & Haller,
2001), are known to increase GABAergic activity. For instance, binding of muscimol
(a GABA-A agonist) is increased by GCs (Majewska et al., 1985). Allopregnanolone
(ALLO), a 3�-reduced neurosteroid that is also released during stress (e.g., Reddy &
Rogawski, 2002), facilitates GABA action. GABA is implicated in barbiturate-like
sedation (Majewska et al., 1986) and fear-reduction (e.g. Patchev et al., 1994; Bitran
et al., 2000; see also Kalin, 2003; Dubrovsky, 2005). This then provides the ingredients
for fear reduction as an inherent property of the (HPA) neuroendocrine stress response.
Also, a recent study reported that 3�-OH, 5�-cortisol, a cortisol metabolite, interacts
with ALLO to sensitize GABA neurons (Strömberg et al., 2005). Thus, both cortisol
itself and its metabolite 3�-OH, 5�-cortisol can increase GABAergic activity, likely
counteracting effects of CRF during the acute aftermath of stress. This would provide
for a mechanism that, secondary to the initial fearful initiator of the HPA cascade,
reduces fearful responsivity of the brain and so dampens the psychological stress that
first started the HPA response. Such a short-term mechanism for psychological negative
feedback in addition to the classic neuroendocrine HPA negative feedback would impose
a functional restraint on the stress cascade, preventing overly sustained allostatic load.
Only when danger in the environment persists, and continuous hyperactivity of the HPA
axis chronically increases GC levels, augmentation of CRF gene expression in the
amygdala will sensitize the organism for chronic fearful responsivity, leading to adaptive
vigilant processing of threat-related cues (see Rosen & Schulkin, 1998; Schulkin et
al., in press). Note that the idea of sedation and fear-reduction in HPA responsivity
s is in line with other neuroendocrine properties of the stress response. The pituitary
also releases endorphins during HPA activation, and the fear-reducing properties of
ALLO have also been known for some time. Although this concept of fear-reduction
as an inherent homeostatic property of HPA activity has hitherto been under-
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exposed in much of the literature, recent progress is opening the door for this new,
possibly therapeutically useful view on the ‘stress’ axis, specifically its interaction
with GABA-A (see also Kalin (2003) for the role of GABAergic and glucocorticoid
factors in adaptation to stress, and Charney (2004) for psychobiological mechanisms
of resilience).       

A basic assumption in the study of fear, anxiety, and selective attention is that
increased attention for threat related stimuli and subsequent increased processing
(e.g., memory) of such threatening or negative information, play an important role
in the etiology and maintenance of affective disorders (Beck & Emery, 1985; Mogg
& Bradley, 1998). A vast number of studies have described relations between
increased (attentional) processing of threat-related stimuli and various disorders of
fear and anxiety (Williams et al., 1996; Mogg and Bradley, 1998; Rauch et al.,
2000; Thomas et al., 2001). GCs are known to be involved in (emotional) memory
(Roozendaal, 2000; Buchanan & Lovallo, 2001; Putman et al., 2004b; Kuhlmann
et al., 2005), and also relations between cortisol and selective processing of
threat-related information have been reported (van Honk et al., 2000; Ellenbogen
et al., in press). Relations between cortisol and mnemonic processing of emotional
information led Schelling et al. (2000; 2004a; 2004b) to test the hypothesis that
cortisol might mediate selective mnemonic processing of threatening information
and so protect against development of PTSD. No evidence was found for this
memory hypothesis, but exogenous cortisol did reduce subsequent PTSD symptom
occurrence. Mnemonic encoding of information is heavily dependent on attentional
processing of that information (Naveh-Benjamin et al., 1998). Neuroimaging data
have shown that amygdala response to affective stimuli during encoding of those
stimuli predicts better memory for that information (Cahill et al., 1996). Increased
amygdala activity has also been reported in response to masked fearful faces in
anxious and depressed children and in adults suffering from PTSD (Rauch et al.,
2000; Thomas et al., 2001). Also greater emotional Stroop interference for threat
cues has been reported for PTSD (e.g., McNally, 1990). In the light of these previous
studies, the present data suggest that cortisol’s attenuation of vigilant processing
of threatening information might explain previous findings of relations between
transient cortisol elevation and protection against PTSD (Delahanty et al., 2000;
Schelling et al., 2000; Delahanty et al., 2003; Schelling et al., 2004a; 2004b).

In sum, the present study corroborates and extends earlier findings of acute fear-
reducing and anxiety-protective effects of short term cortisol administration. These
data are the first to causally show that pre-conscious attention to fear is directly
influenced by neuroendocrine functioning, suggesting involvement of these endocrine-
cognitive mechanisms in the development and maintenance of affective disorders
such as PTSD. 

145CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS 



Acknowledgements

This study was supported by an Innovative Research Grant from the Netherlands
Organization for Scientific Research (NWO) to Jack van Honk (#016-005-060). We
are very grateful to Alexandra van Schijndel for her assistance.

146 CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS



References

Abercrombie, H. C., Kalin, N. H., Thurow, M. E., Rosenkranz, M. A., & Davidson, R.
J. (2003). Cortisol variation in humans affects memory for emotionally laden and
neutral information. Behavioral Neuroscience, 117, 505-516.

Adolphs, R. (2003). Cognitive neuroscience of human social behaviour. Nature
Reviews Neuroscience, 4, 165-178.

Aerni, A., Traber, R., Hock, C., et al. (2004). Low-dose cortisol for symptoms of
posttraumatic stress disorder. American Journal of Psychiatry, 161, 1488-1490.

Arborelius, L., Owens, M. J., Plotsky, P. M., & Nemeroff, C. B. (1999). The role of 
corticotropin-releasing factor in depression and anxiety disorders. Journal of
Endocrinology, 160, 1-12.

Bakshi, V. P., & Kalin, N. H. (2000). Corticotropin-releasing hormone and animal models
of anxiety: gene-environment interactions. Biological Psychiatry, 48, 1175-1198.

Beck, A. T., & Emery, G. (1985). Anxiety disorders and phobias: a cognitive 
perspective. New York: Basic Books.

Bhagwagar, Z., Cowen, P. J., Goodwin, G. M., & Harmer, C. J. (2004). Normalization
of enhanced fear recognition by acute SSRI treatment in subjects with a previous
history of depression. American Journal of Psychiatry, 161, 166-168.

Bitran, D., Klibansky, D. A., & Martin, G. A. (2000). The neurosteroid 
pregnanolone prevents the anxiogenic-like effect of inescapable shock in the rat.
Psychopharmacology, 151, 31-37.

Booij, L., Van der Does, A. J., Haffmans, P. M., Riedel, W. J., Fekkes, D., & Blom, 
M. J. (2005). The effects of high-dose and low-dose tryptophan depletion on
mood and cognitive functions of remitted depressed patients. Journal of
Psychopharmacology, 19, 267-275.

Brown, L. L., Tomarken, A. J., Orth, D. N., Loosen, P. T., Kalin, N. H., & Davidson,
R. J. (1996). Individual differences in repressive-defensiveness predict basal salivary
cortisol levels. Journal of Personality and Social Psychology, 70, 362-371.

Buchanan, T. W., Brechtel, A., Sollers, J. J., & Lovallo, W. R. (2001). Exogenous
cortisol exerts effects on the startle reflex independent of emotional modulation.
Pharmacology, Biochemistry and Behavior, 68, 203-210.

147CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS 



Buchanan, T. W., & Lovallo, W. R. (2001). Enhanced memory for emotional
material following stress-level cortisol treatment in humans.
Psychoneuroendocrinology, 26, 307-317.

Cahill, L., Haier, R. J., Fallon, J., et al. (1996). Amygdala activity at encoding 
correlated with long-term, free recall of emotional information. Proceedings of the
National Academy of Sciences of the United States of America, 93, 8016-8021.

Cleare, A. J., Heap, E., Malhi, G. S., Wessely, S., O'Keane, V., & Miell, J. (1999).
Low-dose hydrocortisone in chronic fatigue syndrome: a randomised crossover trial.
Lancet, 353, 455-458.

Delahanty, D. L., Raimonde, A. J., & Spoonster, E. (2000). Initial posttraumatic 
urinary cortisol levels predict subsequent PTSD symptoms in motor vehicle accident
victims. Biological Psychiatry, 48, 940-947.

Delahanty, D. L., Raimonde, A. J., Spoonster, E., & Cullado, M. (2003). Injury
severity, prior trauma history, urinary cortisol levels, and acute PTSD in motor
vehicle accident victims. Journal of Anxiety Disorders, 17, 149-164.

Dubrovsky, B. O. (2005). Steroids, neuroactive steroids and neurosteroids in 
psychopathology. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 29, 169-192.

Ekman, P., & Friesen, W. V. (1976). Pictures of facial affect. Palo Alto, CA:
Consulting Psychologists Press.

Ellenbogen, M. A., Schwartzman, A. E., Stewart, J., & Walker, C. D. (in press).
Automatic and effortful emotional information processing regulates different
aspects of the stress response. Psychoneuroendocrinology.

Galard, R., Catalan, R., Castellanos, J. M., & Gallart, J. M. (2002). Plasma corticotropin-
releasing factor in depressed patients before and after the dexamethasone suppression
test. Biological Psychiatry, 51, 463-468.

Grillon, C., & Baas, J. (2003). A review of the modulation of the startle reflex by affective
states and its application in psychiatry. Clinical Neurophysiology, 114, 1557-1579.

Harmer, C. J., Hill, S. A., Taylor, M. J., Cowen, P. J., & Goodwin, G. M. (2003).
Toward a neuropsychological theory of antidepressant drug action: increase in
positive emotional bias after potentiation of norepinephrine activity. American
Journal of Psychiatry, 160, 990-992.

148 CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS



Harmer, C. J., Shelley, N. C., Cowen, P. J., & Goodwin, G. M. (2004). Increased
positive versus negative affective perception and memory in healthy volunteers 
following selective serotonin and norepinephrine reuptake inhibition. American
Journal of Psychiatry, 161, 1256-1263.

Kagan, J., Reznick, J. S., & Snidman, N. (1987). The physiology and psychology of 
behavioral inhibition in children. Child Development, 58, 1459-1473.

Kalin, N. H. (2003). Nonhuman primate studies of fear, anxiety, and temperament
and the role of benzodiazepine receptors and GABA systems. Journal of Clinical
Psychiatry, 64 Suppl 3, 41-44.

Korte, S.M., de Boer, S.F., de Kloet, E.R., & Bohus, B. (1995). Anxiolytic-like effects
of selective mineralocorticoid and glucocorticoid anatagonists on fear-enhanced
behavior in the elevated plus-maze. Psychoneuroendocrinology, 20, 385-394.

Kuhlmann, S., Kirschbaum, C., & Wolf, O. T. (2005). Effects of oral cortisol treatment
in healthy young women on memory retrieval of negative and neutral words.
Neurobiology of Learning and Memory, 83, 158-162.

Lundqvist, D., Flykt, A., & Öhman, A. (1998). The Karolinska directed emotional
faces. Stockholm: Karolinska Institute.

Majewska, M. D., Bisserbe, J. C., & Eskay, R. L. (1985). Glucocorticoids are modulators
of GABAA receptors in brain. Brain Research, 339, 178-182.

Majewska, M. D., Harrison, N. L., Schwartz, R. D., Barker, J. L., & Paul, S. M. (1986).
Steroid hormone metabolites are barbiturate-like modulators of the GABA receptor.
Science, 232, 1004-1007.

Makara, G. B., & Haller, J. (2001). Non-genomic effects of glucocorticoids in the neural
system. Evidence, mechanisms and implications. Progress in Neurobiology, 65, 367-390.

McEwen, B. S., & Wingfield, J. C. (2003). The concept of allostasis in biology and 
biomedicine. Hormones and Behavior, 43, 2-15.

McNally, R. J. (1998). Information-processing abnormalities in anxiety disorders:
Implications for cognitive neuroscience. Cognition and Emotion, 12, 479-495.

McNally, R. J., Kaspi, S. P., Riemann, B. C., & Zeitlin, S. B. (1990). Selective pro-
cessing of threat cues in posttraumatic stress disorder. Journal of Abnormal
Psychology, 99, 398-402.

149CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS 



Mogg, K., & Bradley, B. P. (1998). A cognitive-motivational analysis of anxiety.
Behaviour Research and Therapy, 36, 809-848.

Naveh-Benjamin, M., Craik, F. I., Guez, J., & Dori, H. (1998). Effects of divided
attention on encoding and retrieval processes in human memory: further support
for an asymmetry. Journal of Experimental Psychology. Learning, Memory, and
Cognition, 24, 1091-1104.

Patchev, V. K., Shoaib, M., Holsboer, F., & Almeida, O. F. (1994). The neurosteroid 
tetrahydroprogesterone counteracts corticotropin-releasing hormone-induced
anxiety and alters the release and gene expression of corticotropin-releasing 
hormone in the rat hypothalamus. Neuroscience, 62, 265-271.

Putman, P., Hermans, E. J., & van Honk, J.(in press).  Anxiety meets fear in perception
of dynamic expressive gaze. Emotion.

Putman, P., Hermans, E. J., & Van Honk, J. (2004). Emotional Stroop performance
for masked angry faces: It's BAS, not BIS. Emotion, 4, 305-311.

Putman, P., Van Honk, J., Kessels, R. P., Mulder, M., & Koppeschaar, H. P. (2004).
Salivary cortisol and short and long-term memory for emotional faces in healthy
young women. Psychoneuroendocrinology, 29, 953-960.

Rauch, S. L., Whalen, P. J., Shin, L. M.,  et al. (2000). Exaggerated amygdala 
response to masked facial stimuli in posttraumatic stress disorder: a functional
MRI study. Biological Psychiatry, 47, 769-776.

Reddy, D. S., & Rogawski, M. A. (2002). Stress-induced deoxycorticosterone-derived
neurosteroids modulate GABA(A) receptor function and seizure susceptibility.
Journal of Neuroscience, 22, 3795-3805.

Roozendaal, B. (2000). Glucocorticoids and the regulation of memory consolidation.
Psychoneuroendocrinology, 25, 213-238.

Rosen, J. B., & Schulkin, J. (1998). From normal fear to pathological anxiety.
Psychological Review, 105, 325-350.

Sandi, C., Venero, C., & Guaza, C. (1996). Nitric oxide synthesis inhibitors prevent
rapid behavioral effects of corticosterone in rats. Neuroendocrinology, 63, 446-453.

150 CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS



Schelling, G., Briegel, J., Roozendaal, B., Stoll, C., Rothenhausler, H. B., &
Kapfhammer, H. P. (2001). The effect of stress doses of hydrocortisone during septic
shock on posttraumatic stress disorder in survivors. Biological Psychiatry, 50, 978-985.

Schelling, G., Kilger, E., Roozendaal, B., et al. (2004). Stress doses of hydrocortisone,
traumatic memories, and symptoms of posttraumatic stress disorder in patients
after cardiac surgery: a randomized study. Biological Psychiatry, 55, 627-633.

Schelling, G., Roozendaal, B., & De Quervain, D. J. (2004). Can posttraumatic
stress disorder be prevented with glucocorticoids? Annals of the New York
Academy of Sciences, 1032, 158-166.

Schulkin, J., Morgan, M. A., & Rosen, J. B. (2005). A neuroendocrine mechanism
for sustaining fear. Trends in Neurosciences, 28, 629-635.

Smider, N. A., Essex, M. J., Kalin, N. H., et al. (2002). Salivary cortisol as a predictor
of socioemotional adjustment during kindergarten: a prospective study. Child
Development, 73, 75-92.

Smythe, J.W., Murphy, D., Timothy, C., & Costall, B. (1997). Hippocampal 
mineralocorticoid, but not glucocorticoid, receptors modulate anxiety-like behavior 
in rats. Psychopharamcology, Biochemistry, and Behavior, 56, 507-513. 

Spielberger, C. D., Gorusch, R. L., & Lushene, R. E. (1970). State-trait anxiety
inventory. Palo Alto, CA: Consulting Psychologists Press.

Strohle, A., Holsboer, F., & Rupprecht, R. (2000). Increased ACTH concentrations 
associated with cholecystokinin tetrapeptide-induced panic attacks in patients with
panic disorder. Neuropsychopharmacology, 22, 251-256.

Strömberg, J., Bäckström, T., & Lundgren, P. (2005). Rapid non-genomic effect of 
glucocorticoid metabolites and neurosteroids on the gamma-aminobutyric acid-A
receptor. European Journal of Neuroscience, 21, 2083-2088.

Strome, E. M., Wheler, G. H., Higley, J. D., Loriaux, D. L., Suomi, S. J., & Doudet,
D. J. (2002). Intracerebroventricular corticotropin-releasing factor increases limbic
glucose metabolism and has social context-dependent behavioral effects in nonhuman
primates. Proceedings of the National Academy of Sciences of the United States
of America, 99, 15749-15754.

Takahashi, T., Ikeda, K., Ishikawa, M., et al. (2005). Anxiety, reactivity, and social stress-
induced cortisol elevation in humans. Neuro Endocrinology Letters, 26, 351-354.

151CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS 



Thomas, K. M., Drevets, W. C., Dahl, R. E., et al. (2001). Amygdala response to
fearful faces in anxious and depressed children. Archives of General Psychiatry,
58, 1057-1063.

Tops, M., Wijers, A. A., Koch, T., & Korf, J. (in press). Modulation of rotational
behavior in healthy volunteers by cortisol administration. Biological Psychology.

Tops, M., Wijers, A. A., van Staveren, A. S., et al. (2005). Acute cortisol administration
modulates EEG alpha asymmetry in volunteers: relevance to depression. Biological 
Psychology, 69, 181-193.

Van den Hout, M., Tenney, N., Huygens, K., Merckelbach, H., & Kindt, M. (1995). 
Responding to subliminal threat cues is related to trait anxiety and emotional 
vulnerability: a successful replication of Macleod and Hagan (1992). Behaviour
Research and Therapy, 33, 451-454.

Van Honk, J., Peper, J. S., & Schutter, D. J. (2005). Testosterone Reduces
Unconscious Fear but Not Consciously Experienced Anxiety: Implications for the
Disorders of Fear and Anxiety. Biological Psychiatry, 58, 218-225.

Van Honk, J., Schutter, D. J., d'Alfonso, A. A., Kessels, R. P., & de Haan, E. H.
(2002). 1 hz rTMS over the right prefrontal cortex reduces vigilant attention to
unmasked but not to masked fearful faces. Biological Psychiatry, 52, 312-317.

Van Honk, J., Tuiten, A., de Haan, E., van den Hout, M., & Stam, H. (2001).
Attentional biases for angry faces: Relationships to trait anger and anxiety.
Cognition and Emotion, 15, 279-297.

Van Honk, J., Tuiten, A., van den Hout, M.,et al. (2000). Conscious and preconscious
selective attention to social threat: different neuroendocrine response patterns. 
Psychoneuroendocrinology, 25, 577-591.

Vuilleumier, P. (2002). Facial expression and selective attention. Current Opinion
in Psychiatry, 15, 291-300.

Wedekind, D., Bandelow, B., Broocks, A., Hajak, G., & Ruther, E. (2000). Salivary,
total plasma and plasma free cortisol in panic disorder. Journal of Neural
Transmission, 107, 831-837.

Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., & Jenike, M.
A. (1998). Masked presentations of emotional facial expressions modulate amygdala
activity without explicit knowledge. Journal of Neuroscience, 18, 411-418.

152 CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS



Williams, J. M. G., Mathews, A., & MacLeod, C. (1996). The emotional Stroop task
and psychopathology. Psychological Bulletin, 120, 3-24.

Yehuda, R. (1997). Sensitization of the hypothalamic-pituitary-adrenal axis in post-
traumatic stress disorder. Annals of the New York Academy of Sciences, 821, 57-75.

Young, E. A., Abelson, J. L., & Cameron, O. G. (2004). Effect of comorbid anxiety
disorders on the hypothalamic-pituitary-adrenal axis response to a social stressor
in major depression. Biological Psychiatry, 56, 113-120.

Young, E. A., & Breslau, N. (2004). Cortisol and catecholamines in posttraumatic
stress disorder: an epidemiologic community study. Archives of General
Psychiatry, 61, 394-401.

153CHAPTER 8 | EXOGENOUS CORTISOL ACUTELY REDUCES PRE-CONSCIOUS ATTENTION FOR FEAR IN ANXIOUS YOUNG MEN: IMPLICATIONS FOR RESISTANCE TO DEVELOPMENT OF ANXIETY DISORDERS 





Chapter 9

EXOGENOUS CORTISOL SHIFTS 
A MOTIVATED BIAS FROM FEAR 
TO ANGER IN IMMEDIATE RECALL 
SPATIAL MEMORY FOR FACIAL
EXPRESSIONS OF EMOTION

Peter Putman, Erno Hermans, & Jack van Honk

Manuscript in revision



Abstract
This study tested if a single administration of 40 mg cortisol acutely influences spatial
memory for emotional facial expressions. Earlier studies assessing processing of facial
expressions have established that cortisol levels, emotional traits and affective disorders
predict selective responding to these motivationally relevant stimuli in valence specific
manners. For instance, increased attentional processing of angry faces has been
associated with higher levels of approach motivation (e.g. anger) and testosterone,
but lower levels of cortisol. Conversely, vigilant attentional responding to fearful
faces is associated with fear and anxiety and diminishes after administration of the
fear-reducing hormone testosterone. This study tested if transient manipulations of
cortisol levels can be causally linked to such motivational biases. Performance on a
task measuring immediate recall, spatial memory for faces of various emotional
expressions after double-blind, placebo controlled administration of 40 mg cortisol was
assessed in healthy young men. Human and animal studies suggest that glucocorticoid
administration acutely reduces fear and increases aggression. Thus, predictions for
this study were that cortisol would acutely attenuate memory biases for fearful
expressions while increasing memory biases for angry expressions, in effect creating
a shift in selective motivational memory from fear to anger.  Results showed this shift.
Cortisol administration induced a reliable increase in the motivated memory bias for
angry expressions. Also, a reliable memory bias for fearful faces after placebo disappeared
after cortisol administration. These findings are the first to causally show HPA regulation
of the processing of these important socio-emotional stimuli. Possible biological
mechanisms are discussed.
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Introduction

The Hypothalamus-pituitary-adrenal (HPA) stress response is not limited to instances
of physiological stress such as extraneous physical activity, it also occurs in response
to motivationally relevant experiences. In humans, for example, psychological stressors
such as the Trier social stress test (Kirschbaum et al., 1993), and panic induction
(Strohle et al., 2000) can cause marked HPA stress responses. Even performance of
experimental tasks involving perception of emotional faces or other emotional pictorial
stimuli (e.g., van Honk et al., 2000; Ellenbogen et al., in press) can modulate transient
alterations in HPA activity. In humans and animals, anticipatory glucocorticoid (GC)
responses can be seen in preparation of agonistic or otherwise aggressive encounters
(see Salvador, 2005; Summers et al., 2005). Secondly, several affective disorders and
related motivational traits involving negative affect (disorders of fear and anxiety
and depression) are associated with prolonged alterations of circulating cortisol levels
and/or aberrations of motivational HPA responsivity and its negative feedback
mechanisms. Examples of this are panic disorder (Strohle et al., 2000), post-traumatic
stress disorder (Mason et al., 1986), extreme shyness and inhibition in children
(Smider et al., 2002; Kagan et al., 1987) and infant monkeys (Kalin, 2003), non-clinical
anxiety in adults (Takahashi et al.,  2005; Brown et al., 1996), and depression (see Pariante
et al., 2004). By and large, the relation between HPA functioning and motivation
seems to be such that increased stable cortisol levels and/or distorted responsivity
and negative feedback mechanisms are associated with increased fearful, anxious
and depressive motivation and cognitive indices thereof. Stable elevation of cortisol
levels can thus largely be considered to be involved in inhibited, avoidant motivation,
whereas transient GC changes are also seen in preparation of aggressive behavior.
Neuroendocrine mechanisms that can help explain how prolonged exposure to elevated
GC levels may mediate increased sensitivity to fearful stimuli have been identified
and more is being understood about specifically the slower genomic fear inducing
effects of GCs (Schulkin & Rosen, 1999; Schulkin et al., in press). Less is known
however about the effects of acute and short term HPA manipulations on motivation,
and which neuroendocrine mechanisms are involved. 

A few studies have been performed in healthy human participants testing acute effects
of cortisol on implicit measures of affective processes and on self-reported mood
measures. Those studies that report tests of mood-effects report null findings on
these measures, even though some of these studies do provide evidence for acute
motivational effects on psychophysiological or implicit experimental measures of
affective stimulus processing (Buchanan et al., 2001; Tops et al., 2003; Kuhlmann et
al., 2005a; Tops et al., 2005; Tops et al., in press). In single-trial psychopharmacological
experiments, manipulations target basic biological mechanisms underlying affective
processes. Mood measures and other self-report measures of affect probe indirect
manifestations of motivation in interactions with the environment and internal cognitive-
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emotional dynamics. It is likely that effects of biological manipulations in these latter
higher-order processes will only develop over time. Methods probing the underlying
mechanisms to affect are however sensitive to motivational potencies of pharmaco-
logical agents before full therapeutic effects are expected to develop (e.g. Harmer et
al., 2003; Harmer et al., 2004). Thus, for acute effects of cortisol, measures of more
basal cognitive-emotional processing or psychophysiological measures are likely
most informative. Buchanan and Lovallo (2001) reported better long term memory
for emotional versus neutral material, without valence-specific effects, after 20 mg
cortisol. Kuhlmann et al. (2005a) report weak evidence for specific memory effects
for negative versus neutral words after 30 mg cortisol. Lastly, Tops et al. (2003)
report detrimental effects of 10 mg cortisol on memory for neutral and positive, but
not negative words. These results are not fully in agreement with one another, but
different methods make it hard to directly compare the studies, also because an
inverted U-shape dose dependency for GCs’ motivational effects has been proposed
(Buchanan et al., 2001) as for cognitive effects of GCs, specifically for effects on
memory (see de Kloet et al., 1999; Roozendaal, 2000). Also a psychophysiological
measure of motivation has been tested. Buchanan et al. (2001) report that a single
administration of 20 mg cortisol reduces the acoustic startle reflex (a reliable measure of
fearful motivation; see Grillon & Baas, 2003), as was found previously for corticosterone
in rats (Sandi et al., 1996). This would seem in agreement with recent studies showing
that relatively short term cortisol administration can prevent development of post-
traumatic stress disorder (PTSD) symptoms (Schelling et al., 2001; Schelling et al., 2004a;
Schelling et al., 2004b). Aerni et al. (2004) reported that low dose cortisol treatment
reduced PTSD symptoms in patients.

As a stated above, transient GC activity is also associated with approach-oriented
motivation. GCs have been found to acutely increase approach behavior (Tops et al.,
in press) and, more specifically, aggression. Aggression is often inhibited by fear, but
can be induced directly, without fear-reduction (e.g. Keltner et al., 1996; Campbell,
1999). Both in various animal species and in humans, anticipatory transient cortisol
rises are observed in situations of impending aggression and agonistic competition,
in contrast to long term, stable associations between increased basal HPA functioning
and submissive and non-aggressive behavior (see Salvador, 2005; Summers et al., 2005).
In a variety of animal species, causal evidence has been obtained that both peripheral
and central infusion of GCs can rapidly increase aggressive behavior (e.g. Brain et al.,
1971; Poole & Brain, 1974; Hayden-Hixson & Ferris, 1991; Mikics et al., 2004). Thus,
a picture emerges how prolonged elevated HPA activity is associated with avoidant,
inhibited and fearful behavior, whereas acute and relatively short term exogenous
cortisol elevations reduce fear and increase approach motivation, including aggression.
GCs acute effects seem to cause a shift from defensive to offensive behavior, or from
avoidance to approach motivation.
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Previous studies in our lab have shown relations between basal steroid hormone levels
and implicit measures of spatial memory and motivated attention for facial expressions
of emotion. Specifically, circulating testosterone, an approach (e.g. aggression) related
steroid, predicts increased processing of angry facial expressions (van Honk et al., 1999),
as do increased anger and approach motivation (Putman et al., 2004a). Administration
of testosterone acutely increases psychophysiological responding to angry facial
expressions (van Honk et al., 2001a) and reduces attention to fearful facial expressions
(van Honk et al., 2005). Also, basal levels of cortisol predict reduced memory for the
spatial location of angry facial expressions (van Honk et al., 2003). Recently, evidence
was obtained that a single administration (40 mg) of exogenous cortisol exerts fear-
reducing effects on an experimental task measuring fear motivated attention to fearful
facial expressions (Putman et al., in submission). The present study sought to test if
exogenous cortisol could be shown to exert fear-reduction mediated effects on a memory
task measuring immediate recall for the spatial locations of neutral and emotional
facial expressions. Based on acute fear-reducing  (Buchanan et al., 2001; Putman et
al., in submission) and PTSD-protective effects of cortisol (Schelling et al., 2001;
2004a; 2004b), we predicted that cortisol should reduce biased memory processing
for fearful facial expressions (as in motivated attention; Putman et al., in submission).
Based on the aforementioned observations that acute GC elevation is associated with
aggression and preparation for agonistic competition, we also expected cortisol
administration to increase mnemonic processing of angry facial expressions, which
also would be in line with earlier correlational data on this experimental task (van Honk
et al., 2003). These two predictions can be summarized as stating that administration
of cortisol should acutely induce a shift away from fear motivated memory toward
aggression motivated memory. 

The literature also provides evidence of both detrimental and facilitating effects
of HPA manipulation and non-emotional, cognitive memory performance. HPA
activation, specifically when accompanied by adrenergic activation, will enhance
memory consolidation and so improve performance for measures of long term
memory (see Roozendaal, 2000). The basolateral nucleus of the amygdala (BLA) is
importantly involved in this. Elzinga and Roelofs (2005) report impairment of
working memory (digit-span) under conditions of sympathetic and GC activation,
but not during GC activation only, supporting the idea that also working memory
depends on BLA-mediated simultaneous adrenergic and GC activation (see also
Roozendaal et al., 2004). Therefore, for the purpose of the present study measuring
effects of exogenous cortisol on immediate recall, most informative for comparison
are studies likewise employing exogenous cortisol manipulations (but, see e.g. Elzinga
& Roelofs, 2005 and Kuhlmann et al., 2005b for relations between endogenous
instead of exogenous manipulations of HPA activity and memory performance). Several
such studies have reported varying results (Lupien et al., 1999.; Abercrombie et al.,
2003; Kuhlmann et al., 2005a; Buchanan & Lovallo, 2001; De Quervain et al., 2000;
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Tops et al., 2003). Given various methods of probing different memory types, comparison
of these results should be made with caution. The present study measured spatial
memory, which is (neurally) quite different from e.g. verbal memory as employed
in some of the abovementioned studies (Hayes et al., 2004) and so we had no clear
expectation if administration of 40 mg cortisol would result in impaired or facilitated
overall memory performance on our face relocation task, but it is important to a
priori correct for such overall cognitive effects when one looks at emotion-specific
motivational effects. Therefore, expression-specific motivational predictions in the
present study are not based on changes in raw performance for a certain expression,
but on changes in biased performance for the different expressions. By subtracting
performance for neutral faces from performance for emotional expressions, a
baseline-corrected measure for biased preferential processing of the emotional
face is obtained (as in studies of motivated attention; see e.g. Putman et al.,
2004a), free from ‘noise’ of effects of cortisol on non-emotional cognitive memory
performance. Such overall, non-emotional memory effects are best measured by looking
at changes in performance for neutral faces only, or overall memory performance
regardless of expression-type.

In sum, this double-blind placebo-controlled study tested the predictions that administration
of 40 mg cortisol would increase preferential processing bias for angry facial expressions
while reducing the preferential processing bias for fearful facial expressions, in effect
producing a shift from biased processing of fear toward biased processing of anger.

Methods

Participants
Participants were 20 healthy, non-smoking young men recruited from campus. All
were drug free, had no (history of) psychiatric, endocrine or neurological illness, and
agreed to refrain from use of alcohol for at least two days prior to testing. Mean age
for the 18 participants whose data for the memory task allowed analysis (see results
section below) was 20.3, ranging from 18 to 23 years. Participants received payment
for participation in the study. Only male participants were tested to exclude possible
confounding influences of menstrual cycle related endocrine variance. The study was
approved by the local medical and ethical committee and all participants provided
informed consent.

Materials
Stimuli and software
Stimuli were oval cut-outs of grayscaled photographs of neutral, happy, fearful, and
angry faces from 8 actors (four males and four females) from the Karolinska Directed
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Emotional Faces stimulus set (Lundqvist et al., 1998). These stimuli were implemented
in the Object Relocation Task program (Kessels et al., 1999) for presentation, performance,
and data collection (c.f. van Honk et al., 2003; Putman et al., 2004b).

Self-report
To assess state anxiety prior to drug administration and prior to experimental testing,
participants filled out a computerized version of the state version of Spielberger’s state-
trait anxiety inventory (STAI-s; Spielberger et al., 1970) twice on both testing days.

Procedure

The placebo and cortisol test-sessions were held on different days, separated by at least
72 h. Administration of cortisol or placebo was always done after 1200h and no later
than 1530h, at least 1.5 h after food intake and at the same time on both days for
each participant. Administration was varied double-blind within-subject. Order
(placebo or cortisol on the first day of testing) was counterbalanced between subjects.
Placebo and cortisol were administered orally in identical capsules with 360 mg primogel
or 320 mg primogel + 40 mg hydrocortisone. After drug administration, participants
were told to refrain from extraneous physical activity or food intake and to return to
the lab 45 min later. Mood measures (see below) were taken just prior to administration
and just prior to experimental testing. Performance of the Face Relocation Task (FRT)
was assessed approximately two h post administration, after performance of an unrelated
experimental task.

FRT
The FRT presented participants with 20 second displays of eight faces located randomly
within an empty square. After this 20 second learning phase, participants immediately
relocated the faces. In the relocation phase, the eight faces were lined up horizontally
in random order above the square and could be replaced in any order the participant
chose. Relocation was facilitated by presenting eight black dots in the locations
where the faces had been presented, and participants had to relocate the faces to
their correct location by use of the computer mouse. Twelve such trials were presented
in direct succession, always containing eight faces; four of these were neutral and
four were emotional (all four either angry, happy, or fearful) with as many male as
female actors for all conditions. There were two versions of the task to allow
repeated measures. One version of the task started with four neutral-angry trials.
This was followed by four neutral-happy trials, and the task ended with four neutral-
fearful trials. For the other version, position of the first and last block was switched.
The trial stimuli were randomly generated for the two versions separately. Performance
of the FRT lasted approximately 15 minutes. For all statistical testing reported
below, �= .05, two-tailed.
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Results

Self-reported anxiety 
STAI-s measures were analyzed in a repeated measures ANOVA with Time of anxiety
measurement (prior to administration and prior to testing) and Drug condition
(placebo and cortisol) as within subject factors and Order (placebo or cortisol on the
first day of testing) as between subjects factor. This revealed no significant main
effect or interaction concerning Order and so the model was repeated without Order.
This revealed a reliable main effect for Time: F(17)= 4.97; p= .039, no main effect
of Drug: F(17)= .004; n.s., and no Time X Drug interaction: F(1,17)= .112, n.s. The
main effect for Time showed that participants were slightly less anxious prior to
testing (mean STAI-s 32.1) compared with prior to drug administration (mean STAI-s
33.1), without influence of Drug condition. 

FRT
Numbers of correct relocations of separate emotional expressions from their different
trials were summed for a performance score per expression. For the overall performance
score for neutral faces, the mean for the summed scores for performance for neutral
faces from the three conditions was computed. Thus, four performance scores were
obtained which can a priori range from zero to 16 correct relocations. However, when
a participant scores the absolute minimum of zero or the absolute maximum of 16,
decreases or increases in performance become operationally immeasurable, hence
such participants were removed from analyses to eliminate bias against rejection of
the null-hypothesis. For the 18 remaining participants, eight received cortisol on the
first day of testing. To analyze expression-specific effects of cortisol, bias scores
were calculated for each participant by subtracting performance scores for neutral
faces from performance scores for emotional faces. A larger positive bias score thus
indicates better performance for emotional compared to neutral faces. 

Table 9.1

placebo cortisol

expression mean st.dev. mean st.dev.

neutral 8.48 2.40 9.11 2.71

happy 8.66 2.80 9.11 2.69

angry 8.33 2.86 10.50 2.81

fearful 10.61 3.20 9.94 2.97

overall 8.84 2.16 9.48 2.20

Means and standard deviations (n=18) for performance for the various expressions and overall
performance, in placebo and cortisol conditions separately. Direct comparison between placebo
and cortisol show reliably improved performance for angry faces after cortisol (p= .004), but not
for any of the other expressions separately, nor for the overall performance score.
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A repeated measures ANOVA with Expression (neutral, happy, fearful, and angry) and
Drug ( placebo and cortisol ) as within subject factors and Order (placebo or cortisol
on the first day) as between subject factor showed no main effect for the factors
Order: F(1,16)= 1.56; n.s., or Drug: F(1,16)= 2.85; n.s. There was a significant Drug
X Order interaction: F(1,16)= 8.99; p= .009. This indicates that, overall, participants
performed better on the second day of testing, regardless of Drug condition: overall
performance was 8.54 on day one and 9.77 on day two. Order did not interact with
effects of Expression: F(3,14)= 1.07; n.s., nor was there a significant Expression X
Drug X Order interaction: F(3,14)= 1.41; n.s. The crucial Expression X Drug interaction
was reliable: F(3,14)= 6.50; p= .006. Therefore, to look at the expression-specific effects
of Drug, the expression-specific bias scores were further tested. 
The ANOVA for the happy bias score showed no effect of Drug: F(1,16)= .01; n.s.,
as for the fearful bias score: F(1,16)= 1.32; n.s. There was a reliable effect of Drug
for the angry bias score: F(1,16)= 11.36; p= .004. 
No reliable bias scores were found for happy expressions in either Drug condition (both
t’s < 1). The fearful bias score was significant after placebo: t(17)= 3.39; p= .003, but not
after cortisol: t(17)= 1.09; n.s. Conversely, for the angry expressions, there was a reliable
bias score after cortisol: t(17)= 2.53; p= .021, but not after placebo (t<1). See figure 9.1. 

Figure 9.1

Means and within subject error of the mean error bars for the bias scores for happy, angry, and
fearful faces, in placebo and cortisol conditions. Positive bias scores indicate better performance
for emotional compared to neutral faces. Happy faces are not processed differently from neutral
faces in either drug condition. For angry faces, the bias in the cortisol condition is reliable, but
in the placebo condition it is not. Conversely, the bias for fearful faces is reliable in the placebo
condition, but not after cortisol. For angry faces, cortisol reliably increases the bias score. The
contrast between cortisol’s attenuating effect on fearful bias scores and its increasing effect on
angry bias scores is also reliable.

163CHAPTER 9 | EXOGENOUS CORTISOL SHIFTS A MOTIVATED BIAS FROM FEAR TO ANGER IN IMMEDIATE RECALL SPATIAL MEMORY FOR FACIAL EXPRESSIONS OF EMOTION



Because there were no reliable bias scores for happy faces in either Drug condition,
nor an effect of Drug for these bias scores, and to directly test the hypothesis of a
motivational shift in memory bias, the angry bias scores and fearful bias scores were
tested together in an ANOVA which showed a reliable Expression X Drug interaction:
F(1,16)= 10.23; p= .006.

Discussion

This study tested hypotheses concerning acute effects of 40 mg orally administered
cortisol on motivated memory biases in immediate recall memory performance for
emotional expressions. The hypothesis that this would increase biased processing for
angry facial expressions was confirmed. Results concerning the biased processing of
fearful facial expressions and cortisol’s attenuating influence on this only partially
confirmed the hypothesis. Results show that cortisol induced a motivational shift
from reliable preferential processing of fearful facial expressions toward reliable
preferential processing of angry facial expressions. There were no indications of effects
of cortisol on overall cognitive memory performance (neither for neutral faces, nor
for overall performance regardless of expression).

Biased attention to and memory for angry faces are mediated by the motivational
dimension of approach versus withdrawal. It has been shown that administration of
testosterone, the steroid hormone implicated in approach motivations such as sexual
behavior (Tuiten et al., 2001), aggression (Archer, 1991; Dabbs & Hargrove, 1997),
social dominance (see e.g. Mazur & Booth, 1998), and fearlessness (van Honk et al.,
2005; Boissy & Bouissou, 1994; Hermans et al., in press), increases cardiac responding
to the perception of angry faces (van Honk et al., 2001a). Basal levels of testosterone
increase vigilant motivated attention to angry faces (van Honk et al., 1999), as do
higher levels of trait anger (van Honk et al., 2001b; Putman et al., 2004a), and
approach motivation (Putman et al., 2004a). To the contrary, higher levels of cortisol
(implicated in increased fearful, inhibited, and avoidant motivation) predict attentional
avoidance of angry faces (van Honk et al., 1998) and likewise predict reduced processing
of angry faces in the presently used task (van Honk et al., 2003). The angry face is
an expression of intended aggression and status provocation (see e.g. Mazur, 1985;
Mazur & Booth, 1998) whose function is among others to regulate dyadic agonistic
encounters in human and non-human primates. More dominant, angry, and approach
oriented individuals are thought to reciprocate this signal and show increased attentional
processing of this stimulus (e.g. Mazur & Booth; 1998; van Honk et al., 2001b; Putman
et al., 2004a) whereas the submissive and socially fearful response to this stimulus is
to yield to the provocation by avoiding eye-contact and displaying reduced attentional
and mnemonic processing of this stimulus (Mazur & Booth, 1998; van Honk et al., 1998;
van Honk et al., 2003; Putman et al., 2004a). In several species, sustained submissive
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behavior is associated with increased basal cortisol levels, whereas preparatory cortisol
rises are seen before agonistic, aggressive encounters (see e.g. Sapolsky, 1990 and
Summers et al., 2005). 

Increased perceptual and attentional processing of fearful expressions, on the other
hand, is predicted by fearfulness and anxiety. Imaging studies show that perception
of  fearful expressions evokes more fear-related neural activation than, for example,
happy or angry expressions (Whalen et al., 1998; 2001) and this neural activation in
response to fearful faces is increased in patients suffering form PTSD (Rauch et al.,
2000) and anxious children (Thomas et al., 2001). Vigilant attention in response to
fearful facial expressions is predicted by anxiety (e.g. Mathews et al., 2003; Putman
et al., in press; Putman et al., in submission) and administration of the fear-reducing
hormone testosterone reduces such motivated vigilant responding to fear (van Honk
et al., 2005). Since in human adults and in human and monkey infants, elevated cortisol
levels are associated with fearful, inhibited and extremely shy temperament (Kagan
et al., 1987; Smider et al., 2002; Kalin, 2003) and elevated anxiety (Takahashi et al.,
2005), one would expect biased cognitive processing of fearful faces to be related
to HPA activity. Indeed, Putman et al. (in submission) report that administration of
40 mg cortisol acutely reduced a vigilant attentional response to fearful faces, in line
with earlier observations (Sandi et al., 1996; Buchanan et al., 2001) that exogenous
cortisol acutely reduces fearful motivation (opposite to the relation between motivation
and basal HPA functioning). 

Based on the above observations concerning biased attentional and mnemonic processing
of angry and fearful expressions and its relation to HPA functioning and motivation,
and given that GCs acutely decrease fear (Buchanan et al., 2001; Sandi et al., 1996)
and induce aggression (Brain et al., 1971; Poole & Brain, 1974; Hayden-Hixson & Ferris,
1991; Mikics et al., 2004), it was presently hypothesized that cortisol administration
should acutely induce a shift from biased processing of fearful faces toward biased
processing of angry faces. Results verified this motivational shift after a single cortisol
administration. The expression-specific hypothesis of an increased memory bias for
angry faces after cortisol was also verified. Although the placebo condition showed
no reliable bias for angry faces, cortisol administration reliably increased immediate
recall for angry compared to neutral faces, resulting in a reliable bias in the cortisol
condition. For fearful facial expressions, results were partially in line with the prediction.
A reliable bias for fearful faces was present in the placebo condition, but not after
cortisol administration. Unlike the case for the processing bias for angry faces, there
was no reliable effect of drug on the bias score which would show decisively that
cortisol reduced this fearful bias. Still, the compound effect of cortisol administration
on memory biases distinctly shows a shift away from preferential fear-processing
toward anger-processing.
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Concerning earlier reported relations between GCs and memory functioning (de
Kloet et al., 1999; Roozendaal et al., 2000), it can be noted that the present data
show that only angry facial expressions were relocated reliably better after CORT.
Neither performance for neutral expressions, nor overall performance regardless of
expression increased after cortisol administration. Thus, the present data do not
show an overall effect of cortisol administration on memory performance in this
immediate recall, spatial memory task. As mentioned in the introduction, evidence
for effects of exogenous cortisol on overall memory performance have varied (Lupien
et al., 1999.; Abercrombie et al., 2003; Kuhlmann et al., 2005a; Buchanan & Lovallo,
2001; De Quervain et al., 2000; Tops et al., 2003). Because of many methodological
differences between these studies, comparison is difficult. Working memory, for
example, seems to be affected differently than delayed or long term memory
(Kuhlmann et al., 2005b), and likewise declarative memory is affected by HPA
manipulation differently than working memory (Lupien et al., 1999). Also, GC effects
on memory seem to work according to an inverted U-shaped curve dose dependency
(see Roozendaal, 2000), which might reflect varying affinity for GCs of glucocorticoid
receptors (GRs) and mineralocorticoid receptor (MRs), and varying dosages were used
in the above mentioned studies. The present study measured immediate relocation
of facial expressions in a spatial lay-out and is not directly comparable to the earlier
reported studies, if only because the neural processing of spatial memory must be
dissociated from other forms of memory (Hayes et al., 2004). The presently used task
provides an ecologically valid test of memory for motivationally important social
stimuli in the environment, possibly maximizing its ability to measure motivational
effects, but the overall memory performance is not easily comparable to earlier
reported methods. The absence of such overall memory effects is in agreement with
baseline cortisol predictors of performance in two earlier reports on this task (van
Honk et al., 2003; Putman et al., 2004a).

There is now growing evidence, across different methods and species, that exogenous
GCs can acutely reduce fear and increase aggression. Concerning biological under-
pinnings of these acute motivational effects of cortisol, several distinct, though
not mutually exclusive mechanisms are possible. Firstly, as also proposed by
Buchanan et al. (2001) and Aerni et al. (2004), it is well possible that motivational
effects of cortisol administration arise indirectly from negative feedback exerted
on CRF release. Since it is well established that CRF is a potent anxiogenic (e.g.
Arborelius et al., 1999; Bakshi & Kalin, 2000), such HPA down-regulation could
result in the presently observed motivational effects. This is a viable explanation,
but also because anxiolytic effects of exogenous cortisol can apparently occur
without down-regulation of endogenous cortisol production (Cleare et al., 1999;
Aerni et al., 2004), indirect actions via pathways other than negative feedback
cannot be excluded. The second possibility therefore is that these effects result
from neuroactive actions of cortisol or cortisol metabolites themselves. Both GRs and
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MRs are implicated in motivational activation. Evidence shows that (limbic) GR
and/or MR activity is anxiogenic in nature (e.g. Korte et al., 1995; Smythe et al.,
1997). Thus, it does not seem likely that the presently observed effects of exogenous
cortisol are GR and/or MR mediated. A likely alternative candidate lies in fast actions
of GCs and their metabolites on GABA facilitation. GCs (specifically cortisol) have
rapid agonistic effects on GABAergic function (e.g. Majewska et al., 1985; Makara
& Haller, 2001). A recent study also showed that the cortisol metabolite 3�-OH, 5�-
cortisol interacts with allopregnanolone to facilitate GABA-A activity (Strömberg
et al., 2005). Through GABA, GCs and GC metabolites can thus acutely induce
benzodiazepine like anxiolysis and sedation, which could cause acute fear-reduction
(Sandi et al.., 1996; Buchanan et al., 2001; Putman et al., in submission). Also acute
aggression inducing effects of GCs (Brain et al., 1971; Poole & Brain, 1974; Hayden-
Hixson & Ferris, 1991; Mikics et al., 2004) might be instantiated through GABAergic
modulation. Although behavioral effects of the GABA agonist benzodiazepines are
mainly sedative and anxiolytic, there are also reports of (acute) induction of
aggression by benzodiazepines (e.g. Bond et al., 1995), specifically in low anxious
healthy participants (Willkinson, 1985) and in mental retardation (see Kalachnik et
al., 2002). Blair and Curran (1999) reported that benzodiazepines influence recognition
of specifically angry facial expressions, and it has been suggested that this might be
directly linked to the observed aggression inducing side effects of benzodiazepines
(Zangara et al., 2002; note that this latter study reports effects on recognition of
both angry and fearful expressions). 

In sum, there is growing evidence that exogenous elevations of GC levels acutely
reduce avoidant, fearful behavior and can increase aggressive behavior. The present
study accordingly showed that administration of a single dosage cortisol acutely
increased a mnemonic processing bias for angry facial expressions. Results showed
a shift from better memory performance for fearful faces to better performance for
angry faces after cortisol administration. This motivated shift from fear toward anger
preference is possibly related to GABA functioning. The processing of specific facial
expressions has been, and continues to be, of great importance for human survival
(Adolphs, 2003), and the contrast between cortisol’s acute effects on the processing of
fearful and angry expressions, underscores the important role that neuroendocrine
mechanisms play in motivated regulation of human social behavior.
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Chapter 10

DISCUSSION



In chapter 1, an overview was given of the theoretical and empirical rationales for the
research described in chapters 2 through 9. Based on these views, schematically depicted
in figure 10.1, experiments were conducted to test hypotheses concerning motivational
cognition and behavior, and their relations with emotional traits and steroid hormones.

Figure 10.1

A schematical representation of relations between predominant endorcine-motivational characteristics
of secondary observers and how these determine emotional responsivity and responses to the
perception of facial expressions. For instance, a predominantly approach motivated and HPG
active secondary observer will be characterized by greater angry and dominant, and less fearful
motivation and will display enhanced processing of angry expressions and decreased processing
of fearful expressions. Both the HPG/approach and HPA/avoidance systems are self-reinforcing:
certain motivational stances will determine agonistic and fear-responsive social behavior (as
reflected in expression-responsivity) and the mutual social conduct resulting from this interaction
seems to reinforce the endocrine (and therewith motivational) stance of this individual. The two
endocrine-motivational systems are mutually antagonistic.

Except for the study described in chapter 6, these ideas were tested using experimental
paradigms measuring motivated biases in attention to and memory for pictures of
facial expressions. These experiments employed angry and fearful facial expressions,
expecting that enhanced processing of fearful expressions, and not enhanced processing
of angry expressions, would be related to fearful motivation and increased basal HPA
activity. Angry expressions were expected to be processed more extensively by people
with more approach oriented motivation.  Both these ideas were confirmed. Chapters
4&5 reported the successful development of a new experimental paradigm to measure
(individual differences in) anxiogenic attentional responding to fearful faces. Further
aims were to causally ascertain evidence for motivationally activating effects of
steroid hormones and how these relate to attentional and mnemonic processing of
facial expressions. These studies showed acute fear reducing effects of exogenous
testosterone and cortisol, and provided causal evidence of HPA involvement in biased
cognition for both fearful and angry expressions. By and large, these studies provided
support for the ideas put forth in chapter 1. Below, a topic by topic recapitulation
of these ideas and the experiments that were based on these ideas will be presented.  
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10.1 Emotional gaze cueing and attentional engage 
versus disengage processes

Chapter 4 described results from two experiments exploring the interaction between
perception of gaze cues and facial expressions in selective spatial attention, its relation
to anxiety, and how this affects the sub-processes of engagement and disengagement
of spatial attention. Chapter 5 used this new method to provide insights into the
processing of socio-emotional cues of reward and punishment in subjects with elevated
hypomanic trait. The predictions formulated in these studies were confirmed. Results
for experiment 1 of chapter 4 showed rather weak cueing effects, although the crucial
interaction between gaze and expression manipulation was reliable. This effect of
expression on gaze cueing was most evident for invalid conditions; i.e., the data
showed that gaze and expression interact to guide spatial attention and, although
there was no statistical ground to claim that it did so stronger for disengagement
as compared to the engagement of attention, support was only found for fearful
expressions’ influence on the former. Data from experiment 2 in chapter 4 were
obtained with a slightly altered version of the experimental task. The response mode
had been changed from detecting to localizing the target. This provided much larger
cueing effects in general and increased reliability of both the effect of gaze and the
interaction between gaze and expression. Data now also showed a reliable effect of
the fearful expression on the engage component to spatial attention. One of the
conclusions from the two experiments was that the disengage component of attention
is somehow more robustly measured than the engage component, as has also become
apparent in other experimental paradigms measuring separately engage and disengage
components to spatial attention (e.g. Fox et al., 2001; see also chapter 4). In chapter 5
(describing results for the target detection version of the task), the control subjects
exhibited a reliable interaction between expression and gaze cueing. There was no
statistical ground to claim that either the separate engage or disengage processes
were affected to a larger extent by fearful facial expressions. It now seems that the
engage component can be reliably measured, at least when the target localization
version of the task is tested. So, whereas the modified dot probe task left it unclear
if engagement of spatial attention is influenced by threat-related stimuli, and new
methods closer to the classic exogenous cueing paradigm (e.g. Fox et al., 2001;
Koster et al., 2004) provided mixed results concerning this issue, the expressive gaze
cueing task reliably shows that automatic engagement of spatial attention that is
induced by gaze cueing, is indeed influenced by motivational factors. 

Two other studies have by now tested gaze cueing for other than fearful, neutral, and
happy expressions (Hietanen & Leppänen, 2003; Hori et al., 2005). Most importantly,
these studies showed no better gaze cueing for angry expressions compared to control
stimuli. Although many studies have used angry facial expressions as a threat cue
presumed to engage fear-related vigilance, gaze cueing studies do not provide evidence
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of threat-related vigilant processes in response to angry gaze expressions. On the
basis of an approach considering emotional expressions as automatically processed
signals within dyadic communications, it was predicted that specifically fearful, and
perhaps happy, expressions should increase gaze cueing. The studies of chapter 4 &
5, and the study by Mathews et al. (2003) confirm the fearful-hypothesis, and a
recent study provided evidence that also happy expressions increase gaze cueing
(Hori et al., 2005). This latter study confirms the argument presented in chapter 4
that increased gaze cueing for fearful compared to happy expressions is a stronger
test for the notion of fear-related vigilance in gaze processing than the comparison
between neutral and fearful expressions, as was reported by Mathews et al. (2003).
Reports of interaction between expression and gaze cueing attest to the fruitfulness
of a behavioral ecological approach to the expression-motivation-response triad of
facial expression. 

In sum, the emotional gaze cueing task not only provides interesting data that timely
coincide with a current surge in theoretical and empirical progress in the study of
perception of facial expressions in a wider context of other signals of motivated
intention (e.g. Adams & Kleck, 2003; Mathews et al., 2003; Adams & Kleck, 2005;
de Gelder et al., in press). It also provides a reliable paradigm for measuring relations
between affective traits and motivated attention, wherein the engage component of
spatial attention is surely shown to be involved. Its use of the fearful facial expression
adds insights concerning the relation between processing of threat-related expressions
and motivation.

10.2 Fearful versus angry expressions

In the introduction to this thesis, the claim was put forth that for many years now,
researchers relying on the angry facial expression have been using a sub-optimal
stimulus to measure fear-related perceptual and attentional processes. Based on earlier
research (recapitulated among others in chapter 2), the concept of approach motivation’s
mediation of processing of angry facial expressions was explained. Although motivational
states akin to generalized anxiety disorder are obviously withdrawal motivations, they
are not motivations of an inherently social nature. Since expression-processing is thought
to have its roots in evolutionary selection driven by motivated social communication,
it was thought that social anxiety, and not anxiety per se, should be related to
decreased attentional processing of angry expressions. An influential model (Mogg
& Bradley, 1998) to the contrary predicted increased vigilant processing of angry
expressions as a function of increased general anxiety. Chapter 2 provided support
for the behavioral ecological claim: whereas general trait anxiety (as measured by
Spielberger’s STAI) did not predict masked emotional Stroop performance to angry
faces, social anxiety was related to reduced interference for this stimulus. These data
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also replicated earlier data showing that trait anger, and not trait anxiety, predicts
stronger interference from this socially threatening stimulus, as does a measure of
broader approach motivation. This latter point is interesting because it shows that
the relation between self-reported anger (e.g. van Honk et al., 2001) and interference
is more than a mood-congruency effect: the BIS/BAS questionnaire that was used
as a measure of approach contains no items that pertain to aggression or anger.
Thus, chapter 2 provided good support for the dominance-submissiveness notion in
the expression-motivation-response triad for angry facial expressions.

In contrast, chapter 8 showed that masked emotional Stroop interference to fearful
faces was predicted by trait anxiety. As outlined in the introduction to this thesis,
prior studies had already established that fear-reducing steroid manipulation (van
Honk et al., 2005) and rTMS (van Honk et al., 2002) reduced vigilant emotional
Stroop responding to fearful faces. Thus, the various studies that have now been
performed with this masked fearful Stroop task, confirm that increased attentional
processing of fearful expressions is indeed related to anxiety and fear. 

Chapter 9 of this thesis reports data on immediate spatial memory for several expressions.
Administration of 40 mg cortisol acutely influenced this attentional-mnemonic processing
of angry and fearful facial expressions. Highly reliable vigilant responding to these
fearful expressions was no longer observed after cortisol administration.
Simultaneously, cortisol increased vigilant processing of angry facial expressions.
Separate masked Stroop studies had already shown that vigilant responding to fearful
and angry facial expressions is predicted by different motivational parameters. Chapter 9
goes a little further by showing in one sample of participants that an endocrine
manipulation, which has been shown to reduce fear and anxiety, but enhances
aggression, indeed has starkly opposing effects on the processing of fearful versus
angry expressions.  

Chapter 4, concerning fearful gaze cueing, shows a relation between fearful gaze cueing
and trait anxiety, as was found in chapter 8 for the emotional Stroop task. 

Together, and in the light of the literature outlined in chapter 1, these data compellingly
show that fearful and angry facial expressions evoke qualitatively different motivational-
attentional responses, as argued throughout this thesis. This is in line with recent
studies showing that the direction of gaze (directed at or away from the secondary
observer) in fearful and angry expressions has opposing effects on amygdala activation
in response to perception of these faces (Sato et al., 2004). Much research in the
past 10 or so years has employed angry expressions as the stimulus to evoke processes
that are now shown to be (better) evoked by fearful expressions. This obviously bears
an important methodological lesson for future research, and identifies a caveat for
interpretation of previous research results from studies employing angry expressions.
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10.3 HPG and expression processing

Chapter 6 describes a study testing testosterone’s acute effects on a psychophysiological
measure of fearful motivation. The acoustic startle reflex was measured in a fear-
potentiated startle design. Acoustic startle probes were administered during safe periods
and during periods in which the participants expected to be shocked. The results clearly
showed that not baseline startle, but specifically fear-potentiated startle was reduced after
testosterone administration. This finding was interpreted as reflecting attenuation of
cue-specific fear, without attenuation of more diffuse ‘background’ anxiety. This study
and van Honk et al. (2005) are the first reports of human fear-reduction after testosterone
administration, as had previously been shown only in several animal models. 

Chapter 7 describes results form a study testing if testosterone could acutely increase
spatial working memory for pictures of facial expressions and if such effects were
expression-specific. It was hypothesized that testosterone would increase overall
spatial memory and it was expected that this would be specifically strong for angry
faces. For fearful faces, an opposite motivated expression-specificity was expected.
These expression-specific hypotheses would provide evidence that testosterone
mediates attentional and mnemonic processing of facial expressions in a manner
concordant with the biosocial model outlined in chapter 1. The overall improvement
was hypothesized based on the cognitive effects of testosterone as outlined in the
chapter 1. Results verified this last hypothesis, but no evidence was found for
expression-specific effects. Results hinted at a greater memory improvement for
angry expressions, but this was far from statistically reliable. It is tempting to explain
this null-finding by assuming that the overall memory improvement clouded this
tendency for expression-specificity. 

Summarizing results for the motivational effects of testosterone tested in the studies
reported in this thesis, we see a positive result for ear-driven reflex modulation and
for cognitive effects, but no results for cognitive-emotional measures.

10.4 HPA and expression processing

Three studies reported as chapters in this thesis tested HPA relations to cognitive-
emotional processes. Chapter 3 reports results of a study of relations between basal
cortisol levels and spatial working memory for neutral, happy and fearful faces.
Results showed that better delayed memory for the location of both happy and fearful
faces was predicted by basal cortisol, but no expression specific effect occurred. 

The second HPA study was described in chapter 8 and concerns results for a masked
fearful Stroop task in a cortisol administration design. Results confirmed the prediction
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that cortisol should mediate attentional processing of fearful faces As outlined in
the introduction to this thesis and in chapters 8 and 9, It was not certain, however,
if this neuroendocrine mediation would be anxiogenic or anxiolytic. The latter was
confirmed. Cortisol acutely reduced masked fearful Stroop interference that was
present after placebo, specifically in high anxious participants. In the light of recent
studies showing that exogenous cortisol also seems to have anxiolytic properties and
seems to play a protecting role in the pathogenesis of PTSD, it is argued that the
study in chapter 8 can be considered to be in line with the hypothesis that HPA
functioning is directly involved in the pathogenesis of disorders of fear and anxiety
through its selective effects on motivated cognition. Chapters 8 and 9 discuss possible
biological mechanisms for this acute fear-reduction. 

The third HPA study was described in chapter 9. Spatial working memory performance
(immediate recall) for both fearful and angry expressions was tested in a single cortisol
administration design. This allowed not only to causally test relations between HPA
functioning and mnemonic processing of facial expressions, it also allowed to directly
test the above outlined assumption of contrasting motivational factors in processing
of fearful versus angry expressions. Results were as predicted, again confirming that
acute effects of exogenous cortisol are fear-reducing (or avoidance-attenuating),
and now also showing acute approach-activation. The contrasting effect of cortisol
on performance for fearful versus angry facial expressions shows a shift in motivation
away from avoidance, toward approach.

The broader message that is embedded in these reports and several recent studies in
the literature is that GCs should be considered as more than just ‘stress hormones’. 
Chapter 1 outlined a self-reinforcing feedback-loop for the avoidance-HPA axis,
based on various lines of correlational and experimental research. The present thesis
does not falsify that concept for long-term GC elevation, but provides additional
information that short term effects of HPA manipulation actually downplay the
avoidance-HPA axis. 
It is presently not possible to specify with certainty whether this is ‘simply’ an effect
of exogenous GC manipulation (via negative feedback), or whether these effects are
indeed the result of direct psychopharmacological potency of GCs themselves, perhaps
via GABAergic facilitation, as proposed in chapters 8 and 9. Such acute fear-reducing,
anxiolytic, and approach-activating properties of HPA’s end product would provide
a very functional mechanism for short-term fear-regulation, in addition to the adaptive
effects on fear-regulation after long-term increased GC exposure. Importantly, because
it is possible that cortisol or one of its metabolites induced the observed motivational
effects, either via proposed GABAergic mechanisms, or perhaps via acute moderation
of HPG axis activity (see chapter 1 and Viau, 2002), a recent minor polemic skirmish
becomes more important. Gallagher et al. (2006) and Lupien et al. (2006) discussed
the issue of cortisol estimates as measures of HPA (notably CRF) activity. In summary,
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these authors discuss the issue outlined in chapter 1: CRF is usually considered the true
central anxiogenic neurohormone, with cortisol as an (acutely) merely physiologically
active but centrally epiphenomenal agent. However, practical, methodological, and
medical-ethical considerations promote this indirect HPA measurement via cortisol.
The present findings of acute motivational cortisol effects that are qualitatively different
from long-term endogenous GC function in motivation also indicate that measurement
of GCs only might indeed limit our understanding. Specifically, when one measures
the acute effects of HPA stress responses (e.g. by use of the Trier social stress test;
Kirschbaum et al., 1993), it might be wise not to look only at cortisol responses, but
rather to study some fraction of cortisol relative to, e.g., ACTH, CRF, adrenaline, in
short, any neuroactive agent involved in endogenous stress responses. 

The suggestion that cortisol and/or cortisol metabolites themselves acutely induce
more approach-related processing for angry faces (which runs counter to effects
observed for long-term and stable HPA functioning), would be in line with a view
which holds that HPA and HPG functioning both rise in anticipation of agonistic
competition. This likely serves to physiologically and motivationally, prepare the
organism for fight and/or flight. Only after agonistic failure, does HPA hyperactivity
persist, eventually leading to a neuroendocrine underpinning for more fearful and
submissive motivation and behavior (see Salvador, 2005; Summers et al., 2005).
When we return to the schematic model of chapter 1, it is now obvious that the long
term, semi-stable relations depicted therein, are not quite the same as acute effects.
Figures 10.2a & 10.2b present a schematic overview of the present findings for
endocrine and motivational mediators of the biosocial endocrine-motivational axes
outlined in chapter 1. 

Figure 10.2a

The theoretically proposed relations between endocrine-motivational stance and responsiveness
to facial expressions as shown in the introduction in chapter 1. Added numbers refer to the
chapters which describe empirical support for these assumptions. Arrows pointing up and down
signify increased and decreased attentional and mnemonic processing of the facial stimuli.
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Figure 10.2b

Transient HPG and HPA manipulations of the endocrine-motivational systems and how these
influence responsiveness to the perception of facial expressions. Numbers refer to chapters providing
evidence for the effects marked by arrows and equal signs (the equal signs signify no observed change.

10.5 In conclusion

The research described in chapter 2 through 9 provided evidence that enhanced attentional
and mnemonic processing of angry facial expressions is not (merely) influenced by general
anxiety and other avoidant motivation, reflecting increased processing of fearful stimuli,
as was implicitly assumed in much previous research. Emotional traits and neuroendocrine
factors involved in approach motivation are also involved. In addition, I have shown
that fearful expressions are good stimuli to measure fearful biases in selective attention
and memory. The emotional gaze cueing task which employs these stimuli, and more
generally the use of eye gaze as an integral feature of expressions, seems to provide a
promising new tool to study emotional processes. Lastly, we have provided evidence of
the causal role that steroid hormones play in motivated behavior and cognition and one
of the things that are of specific importance in this respect is the verification that
exogenous cortisol can acutely attenuate anxiogenic processes.
This thesis was twofold in its emphasis. On the one hand, it tested the relevance of
endocrine factors and motivation and emotion in processing the important socio-emotional
stimulus of the human facial expression. On the other hand, the thesis presented a critical
methodological-theoretical framework for specific motivational influences on motivated
expression-processing, and how this should be assessed in cognitive-motivational
experimental paradigms. The proposed approach to expression-motivation-response
triads seems fruitful, and results for endocrine studies are in line with dynamic biosocial
models for endocrine-motivational processes. The theoretical-methodological approach
of this thesis has proven worthwhile by providing interesting new findings. 

Utrecht, December 2005
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SAMENVATTING IN HET NEDERLANDS
Selectieve aandacht en geheugen voor emotionele expressies

Een in de psychologie veel onderzochte klasse van emotionele processen is de cognitieve
verwerking van stimuli die van emotioneel relevante betekenis zijn. Sinds enkele
tientallen jaren wordt geprobeerd in kaart te brengen hoe onder andere biasen in
aandacht en geheugen voor emotioneel-relevante stimuli samenhangen met individuele
verschillen in persoonlijkheid en motivatie. Dit dient meerdere doelen. Enerzijds is er
de fundamentele vraag naar de aard van algemene emotioneel-cognitieve processen en
de wijze waarop brein en lichaam deze reguleren. Anderzijds worden deze processen
bestudeerd omdat biasen in aandacht, geheugen en andere cognitieve functies een
belangrijke rol spelen in de meeste, zo niet alle, vormen van psychopathologie. (Beck
& Emery, 1985; Williams et al., 1996; Mogg & Bradley, 1998; Harvey et al., 2004).
De rol die hypervigilante aandacht voor dreiging-gerelateerde informatie speelt in
diverse angststoornissen is nog wel het meest onderzocht (Mogg & Bradley, 1998).
Verschillende studies suggereren dat selectieve aandacht voor dreiging een causale
rol speelt in, of op zijn minst gerelateerd is aan predisposities tot, overdreven en
waarschijnlijk non-adaptieve stressgevoeligheid en daarmee allicht angststoornissen
(MacLeod & Hagan, 1992; van den Hout et al., 1995; MacLeod et al., 2002). Relaties
tussen (individuele verschillen in) motivationele toestanden en selectieve cognitie
voor emotioneel-relevant stimuli zijn een betrouwbaar genoeg fenomeen zodat
experimentele meting van zulke biasen gebruikt kan worden als afhankelijke maat
in onderzoek naar uiteenlopende motivationele verschijnselen (zie bijvoorbeeld
d’Alfonso et al., 2000; Schutter, 2003; van Honk et al., 2005; Hayward et al., 2005).
Ook in dit proefschrift worden zo diverse paradigma’s als middel gebruikt om effecten
van manipulaties van affectieve processen te bestuderen. Een goede reden om dit te
doen is dat deze experimentele methoden, veelal beter dan zelfrapportage, geschikt
lijken om snelle en relatief subtiele fluctuaties in motivationele processen betrouwbaar
te weerspiegelen (zie bijvoorbeeld Harmer, et al., 2003; Hayward et al., 2005; van
Honk et al., 2005).

Aanvankelijk werd veel onderzoek naar emotionele aandacht en geheugen uitgevoerd
door gebruikt te maken van lexicale stimuli. Dit heeft veel kennis opgeleverd, maar
herbergt ook mogelijke beperkingen (o.a. mogelijke non-attentionele effecten die
het gevolg zijn van selectieve gebruiksfrequentie van woorden en beperkte ecologische
validiteit; zie Bradley et al., 1997). Waarschijnlijk is het daarom beter gebruik te maken
van beeldende stimuli, wat de laatste jaren dan ook in toenemende mate gebeurt
(zie Vuilleumier, 2002). 

Een stimulus categorie die in deze bijzonder veel aandacht heeft gekregen is de
menselijke emotionele gezichtsuitdrukking. Perceptie van emotionele gezichten lijkt
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deels door gespecialiseerde neurale circuits gefaciliteerd te worden en leidt tot sterke
reacties in hersengebieden die betrokken zijn bij motivationele processen. Er zijn sterke
aanwijzingen dat deze speciale status van het emotionele gezicht mogelijk is door
aangeboren eigenschappen van het brein (zie bijvoorbeeld Whalen et al., 2001; Adolphs,
2003). In veel onderzoek naar motivatie-afhankelijke selectieve aandacht wordt ver-
ondersteld dat perceptie van boze gezichten snel en automatisch een (coverte) anxiogene
reactie in proefpersonen veroorzaakt. Het boze gezicht wordt vrij algemeen beschouwd
als een geschikte model-stimulus voor de perceptie en verdere cognitieve verwerking
van angstwekkende stimuli (zie Vuilleumier, 2002). Hoewel er studies verricht zijn
waaruit blijkt dat deze veronderstelling in ieder geval voor sommige individuen opgaat
(bijvoorbeeld Bradley et al., 1997), zijn er ook goede redenen, zowel theoretisch als
empirisch van aard, om deze aanname te betwijfelen. Onder mensen en andere primaten
dient een boze (gezichts)uitdrukking als non-verbaal signaal van dominantie en dreiging
van agressie en afstraffing (Mazur & Booth, 1998; Emery, 2000). Of dit een angst-
wekkende stimulus is voor het individu op wie deze expressie gericht is, hangt sterk af
van motivationele eigenschappen van dit individu (van Honk et al., 2001). Wanneer
deze submissief of sociaal angstig is, zal de stimulus inderdaad angstwekkend zijn en
tot vermijdingsgedrag leiden. Als dit individu echter zelf dominant of agressief is, zal
de stimulus niet als angstwekkend, maar als uitdagend en agressief prikkelend ervaren
worden (Mazur & Booth, 1998; van Honk et al., 2001). Diverse studies lijken dit idee te
ondersteunen. In de zogeheten emotionele Stroop taak (EST) worden emotioneel
prikkelende en neutrale stimuli aangeboden in verschillende kleuren die proefpersonen
zo snel mogelijk moeten benoemen, zonder op overige aspecten van de stimuli te
letten. Wanneer een stimulus veel aandacht vraagt, interfereert dit met deze primaire
taakprestatie van kleurbenoeming, wat tragere responsen oplevert. De zogeheten inter-
ference score is het verschil in gemiddelde responsetijden op emotionele minus
gemiddelde responsetijden neutrale stimuli. In het geval van angstwekkende stimuli,
bijvoorbeeld, is er een positieve samenhang tussen individuele angstigheid en interference
scores voor angstwekkende woorden of plaatjes (bijvoorbeeld Kindt & Brosschot, 1997).
Dezelfde positieve samenhang is ook vastgesteld voor agressie-uitlokkende woorden en
de mate van boosheid van de proefpersoon (Eckhardt & Cohen, 1997). In overeenstemming
met dit laatste en de hierboven uiteengezette visie op de motivationele betekenis van
boze gezichten, rapporteerden van Honk et al. (2001) dat interference scores voor boze
gezichten positief samenhingen met boosheid, maar niet met angstigheid van proef-
personen. De emotie boosheid valt te scharen onder een superordinaat motivationeel
construct van toenaderingsmotivatie, de antipode van vermijdende motivatie waar bij-
voorbeeld angst en depressie onder vallen (Harmon-Jones, 2003; Schutter, 2003).
D’Alfonso et al. (2000) rapporteerden dat een neurofysiologische manipulatie die
verondersteld wordt toenaderings motivatie te verminderen (Schutter, 2003) inderdaad
de interference score voor boze gezichten deed verminderen. Relaties tussen endocriene
reflecties van toenaderingsmotivatie, vermijdende motivatie en interference scores
voor boze gezichten bevestigen ook het idee dat selectieve aandacht voor boze
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gezichten niet (enkel) met angstigheid, maar met toenaderingsmotivatie samen-
hangt (van Honk et al., 1998; 1999). 
Deze resultaten voor de EST lijken strijdig met vondsten in de zogeheten ‘dot probe taak’
(DPT). Deze experimentele methode wordt verondersteld een reflectie te verschaffen
van de faciliterende en inhiberende werking van emotioneel selectieve ruimtelijke
aandacht op het responderen op eenvoudige visuele stimuli. Regelmatig is gerapporteerd
dat dreiging-gerelateerde stimuli in de DPT taak inderdaad selectief de aandacht
vangen en deze aandachtsbias is veelal positief gerelateerd aan de mate van angstigheid
van de proefpersonen (Bradley et al., 1997; 1998; Mogg & Bradley, 1998). Een dergelijk
patroon is ook herhaaldelijk gevonden voor boze gezichten in de DPT (zij bijvoorbeeld
Bradley et al., 1997). Dit lijkt niet eenvoudig in overeenstemming te brengen met
bovengenoemde resultaten met de EST. 

Mede vanwege bovenstaande is het waarschijnlijk een goed idee om niet boze, maar
angstige gezichten te gebruiken als angstwekkende stimuli in onderzoek naar selectieve
aandacht en geheugen. Het is bekend dat een belangrijk bij angstprocessen betrokken
subcorticaal hersengebied (de amygdala) heftiger reageert op perceptie van angstige
dan boze gezichten (Whalen et al., 2001). Ook wanneer men de schijnbare communicatieve
functie van angstige expressies beziet (het signaleren van waargenomen gevaar in de
omgeving), lijkt het zinvol deze stimulus te gebruiken als model-stimulus voor dreiging-
gerelateerde selectieve aandacht. Desambiguering van selectieve cognitie voor boze
gezichten en het toetsen van deze veronderstelling aangaande angstige gezichten, is
een van doelen van dit proefschrift. Hiertoe is ook een nieuwe methode ontwikkeld
om dreinging-gerelateerde selectieve ruimtelijke aandacht te meten, gebruik makend
van angstige gezichten, waarin ook de kijkrichting van het gezicht een cruciale rol
speelt. Dit omdat uit recent onderzoek blijkt dat de kijkrichting van emotionele
expressies en andere onderdelen van emotionele expressies die verder gaan dan enkel
de gelaatsspieren, een potentierende rol spelen in de perceptie van, en emotionele
reactie op, expressies (Sato et al., 2004; de Gelder et al., in druk). Tegelijkertijd biedt
deze nieuwe methode (beschreven in hoofdstuk 4 en 5) wellicht een betere benadering
van de faciliterende werking van emotioneel- selectieve ruimtelijke aandacht dan de
veelgebruikte DPT (zie ook Fox et al., 2001; Koster et al., 2004).

De hypothalamus-hypofyse-bijnier as (HPA as) 
en haar relatie tot motivatie

De HPA as reguleert afgifte van het hormoon cortisol door de bijnierschors. Wanneer
fysiologische of psychologische stress optreedt, zal onder invloed van catecholaminerge
en serotonerge projecties vanuit onder andere de amygdala corticotropic releasing
factor (CRF) afgegeven worden door hormoonafscheidende neuronen in de hypo-
thalamus. In de anterior hypofyse zal CRF onder andere afgifte in de bloedbaan van
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adrenocorticotropic releasing hormone (ACTH) induceren. Eenmaal aangekomen in de
bijnierschors zal ACTH vervolgens de afgifte van het glucocorticoïden (cortisol in bijvoorbeeld
mensen en corticosteron in bijvoorbeeld ratten) veroorzaken. Glucocorticoïden vervullen
een grote variëteit aan fysiologische functies, waarvan de belangrijkste allicht het
reguleren van glucose productie is. Glucocorticoïden zijn katabole stoffen die onder
andere bijdragen aan de afbreuk van spier- en botweefsel. Bij langdurige verhoging van
glucocorticoiden treden ook in de hersenen nadelige effecten op (atrofie van hippocampale
neuronen bijvoorbeeld). Om deze nadelige effecten in te perken, bestaat er een negatief
feedback systeem: in de hypothalamus en hypofyse verminderen glucocorticoïde
receptoren (GRs) en mineralocorticoïde receptoren (MRs) de verdere afgifte van CRF
en ACTH wanneer circulerende aldosteron en glucocorticoïden deze receptoren
afdoende activeren. 

Er zijn duidelijke relaties tussen motivationele processen en diverse aspecten van
HPA functioneren. Zoals al gezegd leidt psychologische (onder andere sociale) stress
tot activering van de HPA as (Kirschbaum et al., 1993; Takahashi et al., in druk).
Deze acute stress responsiviteit van de HPA as en ook basale cortisol niveaus zijn
verstoord, meestens versterkt, in verschillende angststoornissen, stemmingsstoor-
nissen en non-klinisch angstige en submissieve mensen (Kagan et al., 1987; Brown
et al., 1996; Pariante & Miller, 2001; Wedekind et al., 2000; Smider et al., 2002;
Sgoifo et al., 2003; Young & Breslau, 2004; Takahashi et al., in druk). Ook in andere
zoogdieren is er een relatie tussen HPA activiteit en angstig, submissief en geïnhibeerd
gedrag gevonden (Sapolsky, 1990; Arborelius et al., 1999; Alpers et al., 2003; Kalin,
2003; Summers et al., 2005). Al met al kan heuristisch gesteld worden dat cortisol
het ‘vermijdingshormoon’ is op de motivationele dimensie van toenadering versus
vermijding. De relatie tussen vermijdende motivatie (angst, stress en depressie) en
HPA activiteit is zelfversterkend: stress leidt tot verhoogde HPA activiteit en chronisch
verhoogde glucocorticoïden niveaus leiden tot een toename van CRF de amygdala,
wat op haar beurt weer stress-responsiviteit versterkt (zie Schulkin, in druk).
Ook eerder genoemde selectieve aandacht voor dreiging-gerelateerde stimuli is in
verband gebracht met basale niveaus cortisol en HPA responsiviteit (bijvoorbeeld van
Honk et al., 1998; 1999; Ellenbogen et al., in druk). De laatste jaren zijn enkele
studies gerapporteerd waarin werd onderzocht wat de acute motivationele effecten
zijn van toegediende cortisol, onder andere om een beter beeld te krijgen op de al
dan niet causale rol van glucocorticoïden in bovengenoemde motivationele
processen. Dit is geen eenduidig probleem. Het is mogelijk dat exogene cortisol (op
relatief korte termijn) kwalitatief andere effecten sorteert dan verwacht zou worden
op basis van bovengenoemde relaties tussen motivatie en basale HPA activiteit.
Vastgesteld is dat CRF acuut anxiogene effecten heeft in het brein (Arborelius et al.,
1999) en ook is vastgesteld dat langdurige glucocorticoïden toediening tot anxiogene
neuromodulaties leidt (zie Schulkin, in druk). Mogelijk is de positieve relatie tussen
vermijdingsmotivatie en HPA activiteit vooral een weerspiegeling van CRF effecten
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en lange termijn cortisol effecten. Het is dus theoretisch goed mogelijk dat toediening
van cortisol op korte termijn geen motivationele, of zelfs anxiolytische effecten heeft.
Vooralsnog gevonden resultaten van cortisol toedieningstudies zijn niet eenduidig in hun
gerapporteerde effecten op motivationele processen (Sandi et al.,1996; Buchanan et
al., 2001; Abercrombie et al., 2003; Tops et al., 2003; 2005a; in druk). Eén van de
doelen van dit proefschrift is het nader bekijken van dit probleem. 

De hypothalamus-hypofyse-gonaden as (de HPG as) 
en haar relatie tot motivatie

Afgifte van gonadotropin releasing hormone (GnRH) in de anterior hypofyse door
hypothalamische hormoonafscheidende neuronen induceert afgifte van luteinizing
hormone (LH). LH op haar beurt reist via de bloedbaan naar de testes, bijnierschors
en eierstokken waar het onder andere tot synthese van testosteron aanzet. Hoewel
de bijnierschors slechts heel beperkt bijdraagt aan de totale testosteronproductie bij
mannen, wordt zo’n 25% van de veel kleinere hoeveelheid vrouwelijk testosteron in
de bijnierschors geproduceerd. Testosteron is een anabool hormoon dat onder andere
betrokken is bij de productie van spier- en botweefsel. Testosterons organiserende
effecten (waaronder sekse-specifieke ontwikkeling van het lichaam) doen zich vooral
rond de geboorte en tijdens de puberteit gelden. Ook testosteron (en de testosteron
metabolieten estradiol en dihydrotestosteron) hebben motivationeel activerende functies.
Het meest bekend zijn allicht de libido verhogende eigenschappen van testosteron.
Op de tweede plaats is testosteron bekend om haar activering van agonistische motivatie.
In veel verschillende soorten is vastgesteld dat testosteron agressie- en dominantie-
bevorderende eigenschappen heeft (Faruzzi et al., 2005; Beehner et al., 2005; Weiss
& Moore, 2004; Ehrenkranz et al., 1974). In mannen en vrouwen zijn hoge testosteron
niveaus geassocieerd met aggressief, delinquent and anderszins anti-sociaal gedrag
(zie Giammanco et al., 2005). Anderzijds heeft testosteron anxiolytische (Bouissou, 1978;
Boissy & Bouissou, 194; Mougeot et al., 2005) en depressie-beschermende effecten
(Orengo et al., 2004; Davis, 2001). Heuristisch kan gesteld worden dat testosteron
het ‘toenaderingshormoon’ is. Ook voor de HPG as geldt dat er sprake lijkt te zijn van
een zelfversterkende relatie tussen motivatie en endocrien functioneren. Hoge basale
testosteron niveaus zijn geassocieerd met versterkte toenaderingsmotivatie en agonistisch
gedrag en voorafgaand aan seksueel en competitief gedrag treden er anticipatoire
HPG responsen op. Succesvol toenaderingsgedrag (bijvoorbeeld seksuele consummatie
of gewonnen competitie) lijkt weer basale verhoging van HPG activiteit te induceren
(zie Mazur & Booth, 1998; Salvador, 2005, Archer, in druk). 
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HPG versus HPA en toenadering versus vermijding 

Hoewel er situaties zijn waarin de HPA en HPG as samenwerken om acuut een fysiologische
toestand te bewerkstelligen die heftige lichamelijke inspanning faciliteert (bijvoorbeeld
in anticipatie van agonistische aanvaringen; zie bijvoorbeeld Salvador, 2005 en
Summers, 2005), lijken de twee steroïde assen elkaar vooral wederzijds te inhiberen.
Dit gebeurt in perifeer weefsel en in de bijnierschors, maar ook op de niveaus van
de hypofyse en de hypothalamus (zie Viau, 2002). Het hierboven beschrevene aan-
gaande relaties tussen steroïde endocriene factoren en motivatie schetst een beeld
waarbij de motivationele dimensie van toenadering versus vermijding weerspiegeld
lijkt te worden in de meestens antagonistische interacties tussen de HPG en HPA as.
In dit proefschrift wordt onderzoek beschreven dat verricht is vanuit een eenvoudig
hypothesen genererend model waarin deze psychologische en endocriene dimensies
als het ware uitwisselbaar zijn. Motivationele effecten van HPA functioneren, corti-
sol en testosteron worden onderzocht, mede in hun relatie tot emotioneel-selectieve
aandacht en geheugen voor angstige en boze gezichten. Een schematische weergave
van de aannamen achter het beschreven empirische onderzoek is te zien in figuur 1.

figuur 1

Samenvatting per empirisch hoofdstuk

Hoofdstuk 2 van dit proefschrift beschrijft een studie die voortbouwt op de hierboven
kort uiteengezette studies aangaande de relatie tussen toenaderingsmotivatie en prestaties
op de emotionele Stroop taak met boze gezichten. Ongeselecteerde proefpersonen is
een gemaskeerde en ongemaskeerde emotionele Stroop taak afgenomen met neutral,
blije en boze gezichten. Een van de doelen van deze studie was om eerder gevonden
verschillen tussen gemaskeerde en ongemaskeerde emotionele Stroop prestaties te
vergelijken. (eerdere studies leken er op te wijzen dat samenhang tussen emotionele
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Stroop interference en individuele verschillen wellicht duidelijker in gemaskeerde taken
gevonden kan worden). Het primaire doel was echter om de eerder gevonden relaties
tussen interference door boze gezichten en individuele motivationele kenmerken te
repliceren en uit te breiden. Resultaten lieten enkel in de gemaskeerde taak effecten
zien. De eerder gevonden relatie met trek boosheid werd bevestigd en tevens werd
gevonden dat een vragenlijstscore voor toenaderingsmotivatie inderdaad eenzelfde
relatie met de interference scores liet zien. Ook bleek sociale angstigheid juist met
minder interference te correleren. Deze resultaten ondersteunen de voorgestelde
visie aangaande biased verwerking van boze gezichten. 
In hoofdstuk 3 wordt gerapporteerd hoe directe en 20 minuten uitgestelde prestaties
van ruimtelijk geheugen voor angstige en blije gezichten samenhangen met baseline
cortisol niveaus. Er werd gevonden dat geheugenprestatie voor deze emotionele
gezichten na 20 minuten retentie positief correleert met baseline cortisol niveaus.
Dit lijkt eerder gevonden relaties tussen glucocorticoïden en emotioneel geheugen
te weerspiegelen, al is het niet duidelijk welke neuroendocriene processen hier aan
ten grondslag liggen. 
In hoofdstuk 4 is getracht de relatie tussen trek angstigheid en angstgestuurde selectieve
ruimtelijke aandacht te verhelderen. In een nieuw paradigma werd bezien hoe het waar-
nemen van dynamische weergaven van een naar de periferie kijkend angstig gezicht
de ruimtelijke aandacht beïnvloedt. Uit de resultaten bleek dat het waarnemen van zulke
angstige gezichten meer dan het waarnemen van blije gezichten inderdaad selectief
verschuivingen in ruimtelijke aandacht lijkt te versterken. Bovendien is er een samen-
hang tussen het aandachtsbepalende effect van wegkijkende angstige gezichten en
trek angstigheid. 
In hoofdstuk 5 is deze zelfde methode toegepast om te bezien of hiermee evidentie te
vinden is voor veranderde patronen van emotioneel-selectieve aandacht in proef-
personen met een sterkere hypomane motivatie trek. Hoewel eerder onderzoek in bipolaire
stemmingsstoornissen weinig evidentie vond voor deze veronderstelling, blijkt uit het
hier gerapporteerde onderzoek een hypovigilante attentionele reactie op het waarnemen
van wegkijkende angstige gezichten.
Hoofdstuk 6 rapporteert een placebo gecontroleerde studie waarin met behulp van een
gevestigde psychofysiologische techniek bezien werd of een enkele toediening van
testosteron acuut anxiolytische effecten kan sorteren. De gemeten schrik reflex blijkt
inderdaad verminderd te worden door dit hormoon, wat causale evidentie verschaft voor
de veronderstelde anxiolytische eigenschappen van dit hormoon.
In hoofdstuk 7 werd onderzocht of (biased) ruimtelijk geheugen voor diverse emotionele
gelaatsuitdrukkingen beïnvloed wordt door dezelfde endocriene manipulatie. Er werd
geen bewijs gevonden voor de voorspelde toename van een bias voor boze gezichten
en een verminderde bias voor angstige gezichten. Wel bleek deze manipulatie de algehele
prestatie op direct ruimtelijk geheugen te verbeteren. 
Hoofdstuk 8 behandelt een studie waarin bezien werd wat de emotioneel-cognitieve
effecten zijn van een eenmalige toediening cortisol. Hiertoe werd een gemaskeerde
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emotionele Stroop taak met angstige gezichten afgenomen in een placebo gecontroleerde
studie. Deze exogene cortisol manipulatie blijkt angstgerelateerde interference door
angstige gezichten te verminderen. Deze resultaten ondersteunen het idee van dat
exogene cortisol toediening andere effecten heeft dan aangenomen zou kunnen
worden op basis van positieve relaties tussen basale cortisol niveaus en angstige motivatie.
Hoofdstuk 9 rapporteert effecten van deze endocriene manipulatie op gebiasede
directe ruimtelijk geheugen prestatie voor angstige en boze gezichten. De resultaten
voor de bias voor angstige gezichten lijken in overeenstemming met de resultaten op
de emotionele Stroop taak die in hoofdstuk 8 werden gerapporteerd. Tevens bleek exogene
cortisol een bias voor boze gezichten te induceren. Samen duiden deze effecten op
een verschuiving van een ‘angstige bias’ naar een ‘agonistische bias’ voor emotionele
expressies. Ook deze resultaten bevestigen het idee van paradoxale effecten van exogene
cortisol. Tevens bieden deze resultaten ondersteuning voor het in dit proefschrift
voorgestelde onderscheid tussen emotioneel-cognitieve verwerking van angstige en
boze gezichten.
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