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Previous research on the relationship between emotion and attention has 

focused primarily on attention to emotionally valenced stimuli; trait anxiety and 

attentional biases for threat; or the relationship between emotion and attention in 

clinical contexts.  Few studies have investigated the effect of emotion on attentional 

processing irrespective of the valence of the stimuli that is being attended.  

However, such studies are important as they shed light on issues central to 

emotions theory such as whether the experience of discrete emotions is associated 

with distinct patterns of attentional processing.  In this thesis six experiments and 

one correlational study are described.  The experimental studies investigate whether 

the experience of discrete emotions - specifically amusement, happiness, sadness 

and fear - influence attentional processing in comparison to a neutral condition.  

Film clips, emotional images and music were used to elicit a target emotional state.  

A modified version of the Attention Network Test (ANT) was used to assess three 

forms of attention – phasic alerting, covert exogenous orienting and executive 

attention.   The correlational study required participants to complete a set of 

emotion-related questionnaires including the Basic Emotion Scale (BES) and to 

perform the ANT.  The results suggest that: i) fear reduces executive attention costs, 

ii) sadness reduces intrinsic alerting, but does not influence alerting, orienting or 

executive attention, iii) amusement and happiness do not differentially influence 

alerting, orienting or executive attention, iv) individual differences in the tendency 

to experience high arousal negative emotions are associated with phasic alerting, i.e. 

faster mobilisation of attentional resources in response to an impending stimulus 

and v) exogenous orienting of attention may be impervious to the influence of 

emotion, at least in context of neutrally valenced stimuli.  Results relating to anxiety, 

emotion regulation and attention network performance are also discussed.  Taken 

together these findings provide only limited support for the broaden-and-build 

theory (Fredrickson, 1998) of positive emotions.  Amusement and happiness did not 

result in broadening (as assessed by executive attention costs) in the present studies.  

An attentional narrowing effect was found for fear but not for sadness.  It is 

proposed that fear, but not sadness, facilitates inhibition and reduces executive 

attention costs, indicative of more focused attention.  The results here also suggest a 



 xiii 

relationship between negative emotions characterised by high arousal and phasic 

alerting – an aspect of attention which has received little coverage in emotions 

research to date.  Implications relating to the use of the ANT as a measure of 

attentional performance, and the challenges associated with manipulating emotion 

in a lab setting are discussed.  
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1.0 Chapter Overview 

There is still considerable debate about how best to define an emotion 

(Frijda, 2005; Russell, 2003; Strongman, 2003).  Kleinginna and Kleinginna (1981) 

amassed over 100 definitions of emotion in 1981, and many more definitions have 

come into existence since then.  Most definitions suggest that emotions are multi-

faceted phenomena that occur in response to events that have significance for the 

individual.  Recent conceptualisations of emotion tend to be broad in scope and 

highlight the diverse neuropsychological, biological, cognitive, behavioural and 

social processes that can be involved when an emotion is experienced.  This chapter 

begins with a brief overview of the functions of emotion, and describes how 

emotions differ from other affective phenomena such as moods.  Next, the structure 

of emotion is discussed from categorical and dimensional perspectives.  In the 

following sections the components of emotion are presented and five discrete 

emotions – happiness, sadness, anger, fear and disgust – are examined in terms of 

these components.  The primary goal of this thesis is to investigate the relationship 

between these five emotions and attentional processes.  Chapter 1 provides a 

comprehensive overview of how emotions are understood in context of this 

research. 

 
 

1.1 The Function of Emotions 

Emotions have a multitude of important functions.  Broadly speaking,  

emotions signal the occurrence of events that are relevant to the individual (Frijda, 

1994).  It is widely accepted that emotions have evolved to promote survival and to 

help the organism respond appropriately to environmental challenges (e.g. search 

for food, mates and shelter, protection of self and offspring).  Emotions have 

important motivational functions (Bradley, Codispoti, Cuthbert, & Lang, 2001; 
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Carver & Harmon-Jones, 2009; Frijda, 1999; Strongman, 2003); for instance fear 

motivates protective action, love motivates approach behaviours and bonding with 

others, while shame and guilt motivate pro-social behaviours which prevent their 

occurrence.  Emotions also facilitate social interaction and act as social regulators  

(Ekman, 1992; Keltner & Haidt, 1999; Keltner & Haidt, 2001).  Indeed, Keltner and 

Haidt (2001) propose that emotions arise in response to social problems and 

function to solve these same problems.    

Emotions are also thought to play a role in guiding cognition.  For instance, 

Izard (1991) suggests that emotions are feelings that motivate and organize 

perception, thought and action, and thereby facilitate appropriate responding to the 

emotion eliciting situation.  Similarly, Damasio’s somatic marker hypothesis 

(Damasio, 1994) highlights the importance of emotions in guiding cognitive 

responses, especially in relation to high level cognitive functions such as planning 

and decision making.  

Oatley and  Johnson-Laird, (1987) suggest that emotions function to 

prioritise important roles or goals, such that the experience of an emotion signals to 

the individual that the current activity needs to be interrupted and that the situation 

that elicited the emotion needs to be addressed.  Emotions also function to provide 

information to an individual about their reaction to the situation in which they find 

themselves, which in turn facilitates decision-making (Clore, 1994; Clore & Palmer, 

2009).  Such information helps the individual to respond appropriately to the 

emotion eliciting situation.  

Despite the multitude of functions that emotions serve, a recurring theme is 

that emotions serve to prepare the individual to respond appropriately to significant 

events.  With this in mind, the current thesis examines the hypothesis that emotions 

also motivate or facilitate distinct attentional responses in emotion eliciting 

situations, thus helping the individual to allocate attention rapidly and 

appropriately, depending on situational demands.   
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1.2 Emotions versus Moods 

The terms emotion, mood, feeling and affect are often used interchangeably 

in emotions related research.  However, it is important to clarify what is considered 

an emotion and what is not.  Emotion and moods are believed to differ in several 

important ways (Beedie, Terry, & Lane, 2005):  i) emotions are caused by specific 

events whereas moods are less well defined, ii) emotions are intense whereas moods 

are milder affective experiences, iii)  emotions are about something (i.e. object-

directed) while moods tend to be objectless, iv)  emotions are thought to be 

associated with specific patterns of physiological responding, whereas moods have 

no such patterning, v) emotions tend to be brief, whereas moods are more enduring, 

vi) emotions are fleeting and volatile whereas moods are more stable over time.    

The term ‘affect’ can be used as a superordinate category for a variety of 

states that involve relatively fast positive – negative discriminations (Fig. 1.1).  

These include general stress responses, emotions and moods as well as other 

motivation impulses such as those relating to appetite, sex, aggression and pain 

(Gross & Thompson, 2007).  Researchers also include feelings, attitudes, affective 

style and temperament within the superordinate category of affect (Davidson, 

Scherer, & Goldsmith, 2003).  In this thesis, the term ‘affect’ is generally used to refer 

to this superordinate category.  

Feelings are sometimes viewed as being synonymous with emotion. 

However, emotions theorists generally view feelings more narrowly as one of many 

components of emotional experience (Russell, 2003).  In this thesis, the primary 

focus is emotion – i.e. brief, intense and sometimes volatile affective phenomena 

experienced by the individual in response to a significant event.   
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Fig. 1.1:  Emotions and related affective processes (Gross & Thompson, 2007) 

 

 

1.3 Structure of Emotion 

Two dominant approaches have emerged to account for the structure of 

emotion:  categorical approaches and dimensional approaches.  Categorical 

approaches emphasize the existence of discrete emotional categories such as 

happiness, sadness, fear, anger and disgust (Ekman, 1999; Izard, 1991; Oatley & 

Johnson-Laird, 1987; Power & Dalgleish, 1997; Roseman, Wiest, & Swartz, 1994).  In 

contrast, dimensional approaches conceptualise emotions in terms of underlying 

dimensions such as valence and arousal (Feldman Barrett, 1998; Feldman Barrett & 

Russell, 1999; Russell, 1980; Watson & Tellegen, 1985).   

 

1.3.1 Categorical approaches 

According to the categorical approach, emotions are best conceptualised as 

discrete entities each of which are characterised by a distinct response profile.  From 

this perspective each emotion is associated with a co-ordinated pattern of 

neurological, physiological and  behavioural responses as well as distinct thoughts, 

feelings and appraisals (Ekman, 1999; Frijda, 2004).  An underlying assumption of 

categorical or discrete emotions approaches is that many emotions are a product of 

evolution and have a strong biological basis (Fox, 2008).  This line of thought has 

drawn on Darwin’s “Expression of Emotions in Man and Animals” (Darwin, 

1872/1998).  Darwin recognised that the same facial expressions could be identified 
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across cultures and across species, thus suggesting that at least some emotions 

might be universal and innate. 

Ekman and Friesen (1971) directly examined the hypothesis that facial 

expressions associated with distinct emotions are universal.  In their classic study, 

Ekman and Friesen presented members of the Fore linguistic-cultural group of New 

Guinea with three photographs each showing a different facial expression.  The 

researchers then read a short story, e.g. “Her child has died and she is feeling sad”, 

and participants were required to match the story with the appropriate facial 

expression.  Using this approach, strong agreement was found between the stories 

and the correct face expression (ranging from 64% to 92% for adults), thus providing 

support for the view that the association between particular facial expressions and 

emotions is universal.  Follow-up studies in which U.S college students successfully 

matched the facial expressions of New Guineans to the correct emotion that was 

being expressed in a photograph provided further evidence for the universality of 

emotion face expressions (Ekman, 2004).    

Implicit in the notion of universality is the belief that emotions are 

biologically pre-programmed patterns of responses that have evolved to help the 

individual respond appropriately in important situations.  Evidence for this idea 

comes from studies indicating emotion-specific physiological response profiles. 

Although evidence in this area is mixed (Cacioppo, Berntson, Kline, & Poehlmann, 

1997), many researchers take the position that at least some discrete emotions are 

associated with specific physiological responses.  Levenson (2003) argues that 

emotion and the autonomic nervous system (ANS) are intrinsically intertwined and 

prepare the body to deal with a range of challenges that require co-ordinated 

responses.  He identifies a number of physiological changes associated with discrete 

emotions; for instance, fear is associated with vasoconstriction and pupil dilation 

while anger is associated with vasodilation and increased activation of the salivary 

glands.   

Animal studies also provide evidence for the existence of discrete emotions.  

LeDoux’s work on fear (LeDoux, 1996) has been particularly influential in 

identifying the neural circuits associated with fear.  By examining fear conditioning 

in rats, LeDoux has highlighted the important role played by the amygdala in fear 

processing.  LeDoux &  Phelps (2004) provide further support that the amygdala is 
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vital to the learning of danger responses which are crucial for survival.   Their 

research implicates specific synaptic connections in the amygdala in the acquisition 

and storage of memories related to fear conditioning in animals and humans 

(Phelps & LeDoux, 2005).  This line of research provides support for the view that 

discrete emotions may be associated with specific patterns of neural activation.   

Brain imagining studies provide some support for the categorical approach.  

In a meta-analysis of 106 imagining studies, researchers examined the hypothesis 

that neural activity would differ for five basic emotions – happiness, sadness, anger, 

fear and disgust (Murphy, Nimmo-Smith, & Lawrence, 2003).  Their findings 

showed good support for regional specialisation of fear, anger and disgust.  

Specifically, their meta-analysis showed more consistent activation of the amygdala 

during fear, the lateral orbitofrontal cortex during anger, and the insula/globus 

pallidus during disgust. However, there was no difference in patterns of neural 

activation for sadness and happiness in comparison to a baseline.   

Appraisal theorists argue that at their most basic level emotions can be 

distinguished from one another by the basic appraisal scenario associated with each  

(Lazarus, 1991; Oatley & Johnson-Laird, 1987; Power & Dalgleish, 1997; Stein & 

Trabasso, 1992).   For example, sadness is distinguished by the appraisal  of a 

significant loss, fear is distinguished by the appraisal of threat while happiness 

occurs when an event is appraised as reflecting progress towards a goal (Izard, 1991; 

Lazarus, 1991; Power & Dalgleish, 2008; Scherer, 2005).  Recent empirical evidence 

examining appraisals in response to a lab-based emotion manipulation provides 

further support for the role of appraisal in eliciting discrete emotional responses 

(Siemer, Mauss, & Gross, 2007).  In their study, Siemer et al. found that participants 

with similar emotions (e.g. anger or sadness) had similar appraisals (e.g. other 

responsibility or self-responsibility).  They also found that appraisals predicted the 

intensity of emotion subsequently experienced.  For instance, anger intensity was 

predicted by the appraisal of other-responsibility, whereas guilt and shame 

intensities were predicted by appraisals of unexpectedness, low levels of 

experienced control and high levels of self-importance of the event (i.e. “The task 

was important to me”). 

Criticism of categorical approaches centre around arguments that:   
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i)  Evidence for the recognition of emotional faces across cultures is not as strong as 

is often suggested.  The classic experiments on facial expression used a limited-

choice paradigm which required participants to choose one out of a choice of three 

emotion terms which most closely reflected the emotion expressed in each 

photograph.  Although the success rate was well above chance, the limited choice 

technique made successful responding much more likely and perhaps over-

estimated the degree to which basic emotions are recognised across cultures.  

Obviously, when participants are not presented with a choice of emotions to match 

with a face, success rates are much lower (Russell, 1994).  ii)  While 

neuropsychological studies have provided good evidence for heightened activation 

of the amygdala in fear-related tasks, strong evidence for the specialisation of neural 

networks for other basic emotions has not yet been found (Barrett & Wager, 2006).  

iii) There is a lack of clear evidence showing that distinct emotions can be clearly 

distinguished from one another in terms of their characteristic pattern of 

physiological activation (Cacioppo et al., 1997).  iv)  Some studies have shown weak 

and inconsistent evidence for co-ordinated responses between facial expression, 

subjective reports and physiology  (Mauss, Levenson, McCarter, Wilhelm, & Gross, 

2005).  The lack of findings for co-ordinated patterns of responses weakens the 

theory that emotions are distinct entities characterised by co-ordinated patterns of 

responses across a range of sub-systems.   v)  While there is widespread agreement 

for the existence of at least five basic emotions (happiness, sadness, anger, fear and 

disgust), there is still no agreement on the exact criteria for the delineation of basic 

emotions; consequently there is still much disagreement in relation to what is, and 

what is not, considered a basic emotion.  Furthermore, controversy exists in relation 

to the status of emotions that are often not considered to be basic (e.g. guilt, shame) 

– how they arise and how they relate to basic emotions (e.g. are they blends of basic 

emotions, or do they reflect the co-occurrence of basic emotions).  Although the 

categorical approach emphasizes the view that emotions are best understood in 

terms of discrete entities, unresolved debates on how discrete emotions are best 

distinguished have given momentum to dimensional approaches. 
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1.3.2  Dimensional approaches 

Dimensional approaches propose that the structure of affect is best 

conceptualised in terms of two broad underlying dimensions, specifically valence 

and activation.  The valence dimension relates to hedonic tone, or the feeling of 

pleasantness or unpleasantness (Fig. 1.2).  In contrast, activation relates to a sense of 

energy or mobilisation.  These two dimensions have emerged from studies of self-

reported feelings, the semantics of self-related affective words and in ratings of 

emotional faces (Barrett, 1998; Russell & Barrett, 1999; Watson, Clark, & Tellegen, 

1988).   

 
 

 Fig. 1.2:  Core Affect (Russell, 1980, 2008) 

 

 

 

Subjective experience is central to dimensional approaches, and self-reports 

of feelings have played an important role in establishing the dimensions thought to 

underlie affective experience.  A typical methodology requires participants to 

describe their emotional experience by selecting adjectives that represent their 

emotional state.  Factor analysis is conducted on the resultant data, which generally 

leads to the emergence of two clusters or dimensions.  These are generally thought 

to represent valence and activation (Russell, 1980; Russell & Barrett, 1999) or 
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positive affect/activation (PA) and negative affect/activation (NA) (Watson & 

Clark, 1994a; Watson et al., 1988; Watson, Wiese, Vaidya, & Tellegen, 1999).   

Physiological support for the dimensional approach draws on the work of 

Margaret Bradley, Peter Lang and colleagues at the University of Florida.  These 

researchers have developed a large database of emotional images known as the 

International Affective Picture System (IAPS) for use in emotions research on the 

basis of valence and arousal (Lang, Bradley, & Cuthbert, 2005).  They have 

identified associations between some physiological variables and both valence and 

activation dimensions.  For instance, skin conductance activity has been found to 

increase as arousal increases, irrespective of emotional valence; facial EMG 

responses in the zygomatic muscle (used in smiling) have been found to correlate 

with pleasantness ratings and the startle magnitude has been found to increase 

when unpleasant stimuli is viewed and decreases for pleasant stimuli (Bradley et al., 

2001).  These researchers take the position that emotion is organized around two 

underlying motivational systems – an appetitive system that is concerned with 

promoting survival and  nurturance and a defensive system that is  activated in 

threat related contexts (Bradley et al., 2001).   

Some neuropsychological studies identify neural circuits that might 

underpin the existence of valence and activation.  For instance, in summarising 

research on EEG asymmetries, Davidson  (2004) suggests that approach-related, 

goal-directed action planning is associated with greater left-sided dorso-lateral 

activation  of the prefrontal cortex.  This increased activation is also thought to 

reflect increases in positive affect prior to goal attainment as well as the approach 

component of anger.  Indeed, evidence suggests that this area of the pre-frontal 

cortex is activated in the anticipation of reward.  Davidson and colleagues also 

found associations between increased activation in the right pre-frontal cortex and 

withdrawal related emotions such as fear and suggest that these associations may be 

linked with threat-related vigilance.   

Several criticisms of the dimensional approach can be identified:  i)  The 

dimensional approach seems more appropriate for describing moods as opposed to 

emotions.  Indeed, many of the emotion labels used to describe various 

combinations of valence and activation refer to general affective states as opposed to 

emotions.  For instance, the Positive and Negative Affect Schedule (PANAS) which 
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is based on Watson and Tellegen’s model of positive and negative affect, includes 

items such as ‘sleepy’ and ‘tired’ on the basis that these items tap into the 

individual’s emotional landscape.  Discrete emotions theories suggest that these 

represent mood states, or arousal alone, as opposed to emotions.  ii)  Another 

shortcoming of the dimensional perspective is that the underlying dimensions of 

valence and arousal fail to adequately distinguish between basic emotions, i.e. 

happiness, sadness, fear, anger and disgust, even though individuals find it easy to 

differentiate between these emotions when asked.  iii) A further criticism is that the 

emphasis on valence and arousal dimensions underplays the importance of other 

characteristics such as specific appraisals, action tendencies and behaviours which 

are associated with emotion.  iv)  Furthermore, the use of activation or arousal as a 

primary dimension is ambiguous and generally based on self-reported levels of 

arousal (i.e. the subjective feeling of alertness, arousal or energy).  Self-reported 

arousal does not always have a one-to-one correlation with physiological measures 

of arousal (e.g. skin conductance, heart rate), and thus it remains unclear exactly 

what this concept of activation or arousal relates to in many dimensional models.  

Another problem with the arousal dimension is that not all individuals report 

feeling variations in activation and deactivation when asked about their feelings 

(Barrett, 2007), calling into question whether or not arousal/activation is actually an 

underlying dimension of affect.  

 

1.3.3 Core affect 

More recently Barrett (2006a; 2006b) has proposed an alternative model of 

affective structure that places ‘core affect’ at the centre of emotional experience.  The 

term ‘core affect’ is distinct from the more general superordinate category, “affect”, 

previously described.  Although the concept of core affect has not been clearly 

defined, it is concerned with the individual’s ability to categorise their affective state 

in terms of pleasantness-unpleasantness.  It is described by Russell (2003) as the 

constant stream of alterations in an individual’s neuro-physiological state that 

represents the organism’s relationship to the flow of changing events.  This ongoing, 

continuous state is akin to background feeling states outlined by Damasio (1994).  

‘Core’ in this context emphasizes the view that core affect has a biological basis and 
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is present from birth onwards.  According to Barrett, discrete emotions emerge from 

the analysis of core affect.  Furthermore she suggests that the act of categorising the 

ebb and flow of core affect into a discrete emotion, is akin to experiencing an 

emotion (Barrett, 2006a).  This perspective is relatively new and the concept of core 

affect requires further clarification.  Nonetheless, it offers an interesting alternative 

view of the nature of affective experience and may provide an important step 

towards developing an account of affective structure than integrates both 

categorical and dimensional approaches.    

 

1.3.4 The approach taken in this thesis  

While researchers have traditionally tended to favour one or other approach, 

there is much to suggest that both perspectives can be viewed as complementary.  

Dimensional approaches locate discrete emotions such as happiness and sadness in 

certain areas of the affective circumplex.  For example, in Russell’s circumplex 

model (Fig.1.2), sadness appears in the quadrant reflecting displeasure and 

deactivation while happiness is located in the area characterised by pleasure and 

activation.  Fear, anger and disgust appear in the displeasure-activation region.  In 

dimensional models, discrete emotions are conceptualised as prototypes (Russell, 

2003) rather than categorical entities associated with emotion-specific co-ordinated 

patterns of physiological, behavioural, neurological and cognitive activity.  Such 

prototypes are thought to be emergent phenomena that arise when several 

components of an emotional experience co-occur. 

From a categorical standpoint, Power and Tarsia  (2007) suggest that both 

the discrete and dimensional approaches can be accommodated within a multi-level 

approach.  They propose that conscious affective experience might be described in 

terms of positive and negative affective dimensions which are instantiated by the 

basic emotions. Thus, in contrast to the dimensional perspective which suggests that 

valence and activation/arousal underpins a range of affective experiences including 

happiness, sadness, anger, fear and disgust, they suggest that basic emotions give 

rise to experiences of positive and negative affect. 

At the present point in time it is difficult to determine whether categorical or 

dimensional approaches offer a better explanation of the structure of emotional 
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experience.  As Fox (2008) points out, an important challenge for the future will be 

to ascertain whether evidence from both perspectives can be integrated in such a 

way as to provide a more comprehensive understanding of the nature of emotional 

experience.   

The approach taken in this thesis is primarily categorical for several reasons.  

The primary hypothesis – that distinct emotions are associated with different 

patterns of attentional processing – draws on functionalist perspectives which are 

typical of categorical approaches.  Furthermore, categorical approaches are more 

informative than dimensional approaches in delineating between distinct negative 

emotions such as anger, fear and disgust.  For instance, categorical approaches 

highlight how discrete high arousal negative emotions are distinguishable from 

each other in terms of various response systems including physiological, 

behavioural and cognitive.    Categorical approaches emphasize different response 

systems associated with emotions, thus providing a more comprehensive 

framework for the understanding of the role of attention in emotional experience.  

In contrast, dimensional approaches have little to say about how discrete emotions 

relate to attentional approaches; rather this approach emphasizes correlates between 

activation or valence and attention and cognitive processes such as attention.  While 

interesting, such correlates are not as informative as insights that might be gained 

when the relationship between attention and discrete emotions is examined.  

Finally, there is evidence for the implication of discrete emotions and attentional 

biases in clinical disorders such as depression and anxiety disorders (e.g. Power & 

Tarsia, 2007).  Although the focus of this thesis is emotional experience in healthy 

individuals, the investigation of attentional processes associated with discrete 

emotions may provide a more useful baseline against which emotion-attention 

relationships in clinical contexts can be compared than would dimensional 

approaches.  

 
 

1.4 Components of Emotion 

There is widespread agreement that emotions are multi-componential 

processes characterised by co-ordinated patterns of affect, appraisal, action 
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tendencies, behaviour, physiology, neurophysiology and cognitive processing that 

occur in response to a significant event (Clore & Palmer, 2009; Frijda, 1986; ISRE, 

2007; Scherer, 2005).   Emotions can not be reduced to a feeling, motivational state or 

a physiological response alone.  Rather, emotions are complex phenomena that 

encompass a wide variety of psychological processes.  In the following sections I 

will outline some of the key components that are commonly believed to form part of 

an emotional experience.  Although these components are described separately, 

models of emotion such as Scherer’s component process model (CPM) highlight the 

inter-relatedness and synchronisation of various components as an emotional 

experience unfolds. 

 

1.4.1 Affect 

Affect in context of emotion components (as opposed to the superordinate 

term affect), refers to the hedonic experience of pleasure or pain, associated with an 

emotional experience.   It is closely linked with action and behaviour – the 

experience of pleasure is associated with approach, while pain is associated with 

avoidance (Frijda, 1999). The term ‘feeling’ is often used as synonymous with affect, 

however affect has a more subtle quality than feeling, and can occur outside of 

conscious awareness.  Affect is central to many emotion theories and is thought to 

mediate between stimulus perception and further emotional response or change in 

action readiness (Frijda, 1988).  For instance, a stimulus produces an affective 

response (pleasure or displeasure) which gives rise to further physiological, 

behavioural and cognitive responses as an emotion is experienced.  From a 

dimensional perspective, Russell (2003) proposes that affect is a combination of 

pleasure-displeasure and activation-deactivation,  but also sees it as a component of 

an emotion prototype, and suggests that it continues to change as an emotional 

episode unfolds, influencing other components of emotion.   

 

1.4.2 Appraisal 

Emotional experience involves appraising an event as being good or bad, 

pleasant or unpleasant.  The notion of appraisal was first introduced by Magda 
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Arnold (Strongman, 2003) who suggested that we immediately, automatically and 

almost involuntarily evaluate anything we encounter with respect to ourselves. 

Conscious appraisals are among the major characteristics that distinguish one kind 

of emotion from another (Frijda, 1986, 1999; Lazarus, 1991; Power & Dalgleish, 1997, 

2008) (See Table 1.1).   

 

Table 1.1:  Appraisals associated with the five basic emotions 

 (Power & Dalgleish, 2008) 

Basic 

emotion 

Appraisal 

Happiness Successful move towards or completion of valued role or goal. 

Sadness Loss or failure of valued role or goal 

Fear Physical or social threat to self or valued role or goal. 

Anger Blocking or frustration of a role or goal through a perceived agent. 

Disgust A person, object or idea repulsive to the self, and to valued roles 

and goals. 

 

 

Some appraisal theorists take the view that conscious or unconscious 

appraisals shape the resultant emotional experience.  Evidence in support of this has 

been put forward by Siemer et al. (2007) who examined a variety of emotional 

responses experienced by participants following a lab based task.  In their study, 

participants were required to perform a demanding cognitive task, during which 

they receive false negative feedback repeatedly from the experimenter.  This task 

was designed to be fairly ambiguous so that participants would react in different 

ways to it.  The goal of the researchers was to elicit different appraisals in 

participants in the same situation, and examine whether these distinct appraisals 

predicted subsequent self-reported emotional responses.  The results showed that 

individual emotions were predicted by unique appraisal patterns.  For instance, an 

appraisal of ‘other-responsibility’ was predictive of anger, whereas an appraisal of 

‘self-responsibility’ was a significant predictor of sadness.  Furthermore, distinct 

emotional responses were examined, and logistic regression was conducted to 

determine how successfully appraisals were able to predict a participant’s emotional 

responses.  Their analysis revealed that appraisals allowed for correct classification 



 15 

of 48% of their participants emotional responses into clusters of similar emotional 

response profiles (e.g. shame/guilt, positive emotions, anger).  These findings 

suggest that appraisals may be necessary and sufficient to determine different 

emotional reactions in response to an emotion eliciting situation. 

Scherer (2001) shares the view that basic emotions can be distinguished from 

each other in terms of appraisal patterns.  He proposes the component process 

model (CPM) of emotion to account for the interaction between appraisal and other 

components of emotional experience.  This model suggests that individuals 

continuously evaluate events for their relevance, implications, significance and how 

well they are equipped to respond to the event (coping potential) (Grandjean, 

Sander, & Scherer, in press).  These evaluations, also called appraisal objectives, are 

thought to unfold sequentially over time.  Each appraisal objective consists of 

constituent appraisal criteria, or stimulus evaluation checks (SECs).  For instance, 

the appraisal of relevance also involves stimulus evaluation checks relating to the 

novelty, intrinsic pleasantness and goal relevance of the object or event.  Scherer 

proposes that changes in the patterning of SECs predict specific changes in the 

peripheral subsystems involved in emotion.  These subsystems include the central 

nervous system, the neuro-endocrine system, the autonomic nervous system and 

the somatic nervous system (Scherer, 2005).  According to this model, discrete 

emotions are experienced as a result of the net effect of all subsystem changes which 

are brought about by the outcome profile of the appraisal sequence. 

One shortcoming of the CPM is that the appraisal process appears to be very 

resource intensive.  The appraisal process outlined by Scherer requires continuous 

stimulus evaluation checks, yet there is no sense of how long it takes to carry out 

these checks.  Some may be automatic, such as the intrinsic pleasantness/ 

unpleasantness or novelty checks.  However others are likely to require conscious 

processing.   Nonetheless, the CPM places appraisal processes at the heart of 

emotional experience and suggests several hypotheses, which are currently being 

tested, relating to how appraisal processes might activate other response systems 

(e.g. physiological and cognitive) associated with an emotion (e.g. Aue & Scherer, 

2008) 
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1.4.3 Action tendencies and behaviour 

  Action tendencies play a central role in motivational accounts of emotion 

(e.g. Bradley et al., 2001).  According to Bradley at al. emotions are organised 

around two motivational systems – an appetitive system which is activated in 

contexts that promote survival, nurturance and procreation, and a defensive system 

which is activated in threatening contexts.  Each system is associated with a 

repertoire of action tendencies or the urge to behave in a particular way.  The 

appetitive system has a behavioural repertoire of ingestion, copulation and care-

giving while the defensive system has a repertoire based around withdrawal, escape 

and attack.   

An action tendency is the readiness or preparedness of an individual to 

execute an expressive behaviour prior to the expression of that behaviour (Frijda, 

1988, 1999; Frijda, Kuipers, & ter Schure, 1989).  The behaviour associated with an 

action tendency may or may not actually be expressed.  Rather the individual has an 

urge to perform a particular action, and these action tendencies are supported by 

physiological changes which prepare the individual to respond to the emotion 

eliciting event.  Frijda (1988) outlines broad action tendencies which are thought to 

be  associated with distinct emotions (Table 1.2).  The importance of action readiness 

as a component of emotional experience is also supported by evidence showing 

activation of body sensing and action organising regions of the brain during the 

experience of emotion (Frijda, 2005). 

Action readiness is associated with arousal or activation.  According to 

Russell (2003), high arousal states are preparations for action whether stimulated by 

an external event or created by adequate rest.  In contrast, low arousal states are 

typified by low levels of action readiness, and occur during inactivity, whether 

created by satiety, need for rest, or abandonment of goals.   

Action tendencies are most obvious for negative emotions.  For instance fear 

is associated with the urge to escape; anger is associated with the urge to lash out 

while disgust is associated with the urge to expel.  Action tendencies for positive 

emotions are less obvious (Fredrickson, 1998).  Indeed, Fredrickson suggests that 

action tendencies for positive emotions at best reflect general orientations towards 

action or inaction, rather than specific action tendencies such as the urge to flee, lash 
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out or expel.  Positive emotions such as joy and contentment are thought to yield 

non-specific action tendencies.  Fredrickson and Levenson (Fredrickson, 1998; , 

1998) propose that positive emotions motivate changes in cognitive activity as 

opposed to physical action; and use the term thought-action tendencies in context of 

positive emotions.  For instance, contentment  “…creates the urge to savour and 

integrate recent events and experiences creating a new sense of self and a new 

world view” (Fredrickson & Levenson, 1998, p.306). 

Emotional behaviour can also be considered in context of action tendencies 

as emotional behaviours are often the result of action tendencies.  Emotional 

behaviours include facial and auditory signals, which play a central role in 

informing others of the emotional state of the individual who is expressing the 

emotion (Ekman, 1999; Ekman, 2004).  Ekman suggests that distinctive signals, e.g. 

facial expressions or auditory signals are one way in which emotions differ from 

less intense affective phenomena such as mood and temperament.  

 

Table 1.2:  Action tendencies and emotion  

(Adapted from Frijda, 1988, p. 88.) 

Action tendency Function Emotion 

Approach Producing situation permitting 

consummatory activity 

Desire 

Avoidance Protection Fear 

Rejecting Protection Disgust 

Deactivation Recuperation Sorrow 

Free activation Generalized readiness Joy 

 

 

1.4.4 Distinctive physiology 

Emotions are often characterised by distinctive patterns of physiological 

activity.  In particular, emotions are intricately intertwined with the activity of the 

autonomic nervous system (ANS).  The ANS helps prepare the organism for a set of 

diverse actions such as fighting, fleeing, freezing, comforting and bonding; each of 

which requires distinctive patterns of physiological responding  (Levenson, 2003).  

The experience of an emotion such as fear is characterised by a particular action 
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tendency:  e.g. the urge to flee as well as a distinct patterns of ANS activity which 

activates the relevant motor systems associated with an appropriate behavioural 

response.  Thus, distinct patterns of ANS activity are thought to subserve diverse 

action tendencies which emerge when an emotion is experienced (Frijda, 1999).   

Ekman and colleagues have provided evidence for distinctive patterns of 

ANS activity associated with anger, fear and disgust (Ekman, Levenson, & Friesen, 

1983; Levenson, Carstensen, Friesen, & Ekman, 1991; Levenson, Ekman, & Friesen, 

1990).  However, other studies suggest that evidence for emotion specific 

physiology is weak (Cacioppo et al., 1997; Cacioppo, Berntson, Larsen, Poehlmann, 

& Ito, 2000).  Cacioppo et al. (1997) carried out a meta-analysis to examine whether 

emotion-specific autonomic patterning exists.  Their findings were based on almost 

two dozen studies and focused on 22 physiological measures including blood 

volume, cardiac output, systolic and diastolic blood pressure, heart rate, finger 

temperature, respiration and skin conductance level.  Some evidence was found for 

emotion-specific responding.  For instance, heart rate responses were larger in anger 

than happiness and larger in fear than happiness or sadness.  In comparing anger 

and fear, anger was associated with higher diastolic blood pressure than fear.  

However, anger was also associated with more non-specific skin conductance 

responses, smaller increases in heart rate, stroke volume and cardiac output as well 

as larger increases in facial temperature and peripheral resistance.  Emotion specific 

differentiation for other cardio-respiratory measures was less reliable in 

differentiating between discrete emotions.  In general, negative emotions were 

associated with higher levels of cardiac output, diastolic blood pressure, blood 

volume, pulse transit time and heart rate.  Overall, the meta-analysis suggested that 

while some discrete emotions can be distinguished from others in terms of specific 

ANS measures, discrete emotions cannot be differentiated by visceral activity alone.   

In defending the view that emotions are associated with distinct ANS 

responses, Ekman (1999) suggests that distinct patterns of physiological activity 

might only be characteristic of those emotions for which an actual motor response is 

adaptive, e.g. fleeing is adaptive during some, but not all,  fear experiences.  Indeed,  

Ohman (1986) suggests that  that different action tendencies may have evolved for 

different forms of the same emotion; e.g. fear of a predator versus social fears or fear 

of inanimate objects.  Similarly, Ekman suggests that distinctive patterns of ANS 
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activity have not been identified for emotions such as enjoyment and surprise, 

because there is no consistent pattern of motor activity associated with these 

particular emotions.   

 

1.4.5 Neuropsychological activity  

Brain imagining techniques have allowed for more detailed investigation of 

the neuro-physiological characteristics of emotion.  Four recent meta-analysis have 

been conducted in this area (Kober et al., 2008; Murphy et al., 2003; Phan, Wager, 

Taylor, & Liberzon, 2002; Wager, Phan, Liberzon, & Taylor, 2003).  Two of these 

meta-analyses (Murphy et al., 2003; Phan et al., 2002) focused on identifying brain 

regions associated with discrete emotions.  In both, preferential activation of the 

right and left amygdala was associated with fear and preferential activation of the 

rostral areas of the anterior cingulate was identified during sadness.  Furthermore, 

the experience of disgust was associated with activation in the basal ganglia area in 

both meta-analyses.  Despite these consistencies, Barrett and Wager (2006) argue 

that  findings that associate increased activation of the amygdala with fear may be 

confounded with the method used to elicit an emotional response from the outset.  

Specifically, increases in amygdala activation also occur in response to human facial 

stimuli, casting some doubt on proposals that amygdala activation is associated 

with a core fear system in the brain.  

A comparison of the Wager et al. (2003) and Murphy et al. (2003) showed 

consistent evidence in support of greater left sided activation during approach 

behaviour and great right sided activation during withdrawal, however results in 

relation to activation during positive versus negative emotional experience were 

inconsistent.   Studies of the neuro-psychological underpinnings of emotion 

processing is an active area of research; while there is some consistent evidence for 

emotion specific regions of activation, further neuro-imagining studies are required 

to determine whether there are indeed specific networks associated with discrete 

emotions, or whether emotional processing is primarily distributed across several 

brain regions.  
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1.4.6 Cognitive changes 

According to Izard (1991), an emotion is  “...a feeling that motivates, 

organizes and guides perception, thought and action” (p.14).  Emotions are thought 

to facilitate changes in a range of cognitive processes such as perception, attention, 

reasoning, problem-solving and creativity.  Changes in cognitive processes are part 

of the co-ordinated set of responses that occur following an emotion eliciting event.  

For instance, there is some evidence that negative emotions interfere with reasoning 

processes while positive emotions may have a facilitatory effect (Pham, 2007).  

However, to better understand emotional influences on cognitive processes, it is 

necessary to examine the effect of discrete emotions on specific cognitive processes 

such as reasoning, creativity, perception or attention. The relationship between 

emotion and cognitive processes, specifically attention, is the primary focus of this 

thesis, and will be discussed in greater detail in the chapters that follow.   

 
 

1.5 Discrete Emotions 

 The key components of emotion have been introduced in the previous 

section.  In the following section, I examine five discrete emotions in terms of these 

components.  The five emotions outlined here are – fear, sadness, disgust, anger and 

happiness.  Many researchers agree that these five emotions are “basic” in some 

way (Ekman, 1999).  Ekman describes three meanings of the term basic.  Firstly, 

Ekman proposes that emotions are best viewed as discrete entities that can be 

distinguished one from another in terms of a range of characteristics (as opposed to 

distinctions based on global positive or negative affect).  Secondly, basic emotions 

have evolved due to their adaptive value in dealing with fundamental life tasks.  

Thirdly, basic emotions can be combined to create more complex emotions.  For 

instance, nostalgia can be described in terms of a blend of happiness and sadness. 

While not all researchers agree that these five emotions are actually basic, there is 

much agreement that these five emotions reflect discrete emotions that merit 

investigation. 
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Most of the experiments in the following chapters involve the elicitation of 

happiness, sadness or fear in a lab setting.  The only exception is the correlational 

study outlined in Chapter 11 which is primarily concerned with individual 

differences in the tendency to experience emotion and attentional processing.  In 

advance of presenting these experiments, a general introduction to the nature of 

fear, sadness, disgust, anger and happiness follows.    

 

1.5.1 Fear 

Fear occurs in response to events that are appraised as posing a threat to the 

individual’s self or valued role or goal (Power & Dalgleish, 1997).  In fear, an 

appraisal is made that the threat is uncontrollable and that the individual might not 

have the coping resources to deal adequately with it.  The intensity of fear is 

dependent on the degree to which the threatening event is considered undesirable 

and the likelihood that the event will occur (Ortony, Clore, & Collins, 1988).  Certain 

types of stimuli are commonly found to elicit fear; for example, snakes, spiders, 

heights, enclosed spaces and threat of separation (Costello, 1982; Mineka & Öhman, 

2002; Öhman & Mineka, 2003).  However, there are also large individual differences 

in the type of stimuli that elicit fear.  In a study of fears in a large sample of females, 

Costello (1982) found that distinct elicitors of fear were only weakly correlated. 

Fear appraisals can be conscious or unconscious (Öhman & Mineka, 2003).  

For instance, both masked and unmasked images of snakes have been found to elicit 

a fear response as measured by skin conductance.  It is argued that automatic 

responses or short-circuiting often occurs with stimuli which have become 

associated with specific defence responses over time.  In the case of the snake and 

other evolutionary fear-relevant stimuli, the coupling of the stimulus and a fear 

response becomes genetically programmed over generations. Snakes in particular 

represented a significant threat in the environment of early mammals (Öhman & 

Mineka, 2001, 2003; Power & Dalgleish, 2008).   

An important function of fear is to prepare the individual to respond to an 

external threat.  Fear increases physiological readiness of the individual to respond 

appropriately in the presence of danger.  According to Frijda (1986), the fear 

response is characterised by avoidance related action tendencies which function to 
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protect the individual.  In support of this, Roseman et al. (1994) asked participants 

to recall experiences of fear.   In contrast to other emotions, participants reported 

that they “feel like running away” and “want to get to a safe place” during fearful 

experiences.   

Physiological changes occur during the experience of fear which prepares 

the individual to respond to the impending threat.  Fear is associated with a 

cardiovascular defence reflex and an adrenaline-like specific response pattern 

(Stemmler, Heldmann, Pauls, & Scherer, 2001).  During real-life fear situations, 

Stemmler et al. found that participants experienced changes in a range of somatic 

measures such as increases in systolic and diastolic blood pressure, cardiac output, 

skin conductance and respiration rate as well as decreases in stroke volume and 

heart period.   

Even though the primary role of the autonomic nervous system (ANS) is to 

provide the physiological support required for action, Levenson  (2003) proposes 

that many of the autonomic changes that take place during fear experiences are 

observable to others.   For instance, changes in appearance associated with ANS 

activity during fear include blanching due to vasoconstriction, sweating, 

piloerection and pupil dilation.  These changes in appearance are thought to have 

strong signal value, indicating the emotional state of the individual to others who in 

turn regulate their own behaviour in response to these signals. 

Fear is also evident in facial expressions.  According to Ekman (2004), fear is 

most obvious in the eyes.  During fear the upper eyelids are raised, indicating a sign 

of interest or attention.  The lower eyelids are tensed and the eyebrows are raised.  

In the lower part of the face, the lips are stretched back towards the eyes.  

Experiences of fear and surprise are closely related – often surprise momentarily 

precedes fear.  However, fear can be distinguished from surprise: in surprise the jaw 

drops while in fear the lips are stretched back towards the eyes. 

The experience of fear is also characterised by distinctive patterns of 

cognitive processing.  During fear experiences, thoughts occur relating to how bad 

things might get and how the individual can keep away from the threat at hand 

(Roseman et al., 1994).  Fear, in  conjunction with other negative emotions, is 

thought to narrow scope of attention and narrow the array of thoughts and actions 

that come to mind in a given situation (Fredrickson, 1998).  Anxiety, which is closely 
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related to fear, is associated with attentional biases for threatening information.  

High levels of anxiety have been shown to result in faster orienting of attention to 

threatening information (Mogg & Bradley, 1999b) and slower disengagement from 

threat (Fox, Russo, Bowles, & Dutton, 2001).  The relationship between fear or 

anxiety and attentional biases is an active area of research, and more recent work 

has focused on how fear and anxiety influence cognitive processes as an emotional 

situation unfolds over time.  For example, there is some evidence that high anxious 

individuals show preferential initial orienting of attention to emotional stimuli 

followed by more active avoidance of threatening stimuli when processing harm-

related stimuli (Calvo & Avero, 2005).   

 

1.5.2 Sadness  

Sadness occurs when a situation is appraised as resulting in the loss of a 

valued role or goal, or the failure to achieve a valued goal (Izard, 1991; Lazarus, 

1991; Oatley & Johnson-Laird, 1987; Power & Dalgleish, 2008).  In sadness, the loss 

can be temporary (e.g. a loved one moves away for work before returning) or 

permanent, as in the case of bereavement.  Sadness, in contrast to higher arousal 

emotions such as fear or anger, can vary in duration from seconds or minutes to 

months and even years. 

 It is difficult to identify specific action tendencies associated with sadness; 

indeed, Frijda (1986) proposes that sadness or sorrow is characterised by 

“deactivation” which might function to support recuperation.  Many emotions 

researchers suggest that sadness functions to increase social bonds - expressions of 

sadness act as a signal to others that the sad individual needs emotional and 

physical support.  Sadness also indicates to the individual themselves that all is not 

well which in turn leads the individual to review priorities and re-establish 

important roles and goals in light of a loss. Withdrawal, slowing down or 

“deactivation” allows the individual time to integrate and make sense of their loss 

which subsequently facilitates their re-adjustment to a new situation and re-

alignment of valued roles and goals in light of their loss.  

The facial expression of sadness is characterised by the drooping of the 

eyelids in conjunction with the raising of the inner corners of the eyebrows.  Gaze is 
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directed downwards and the corners of the lips are pulled downwards.  The cheeks 

may be raised, resulting in the masolabial furrow – the wrinkles that run down 

between the nostrils outward beyond the corner of the lips, which in turn push the 

skin upwards and narrows the eyes (Ekman, 2004).   Expressions of sadness (e.g. 

tearfulness) vary in intensity and can last for relatively short durations in 

comparison to the subjective feeling of sadness itself.  While the expression of 

sadness might be functional in some settings (e.g. around close friends) it may be 

less functional in others (e.g. in a work setting), in which case a sadness expression 

might be masked with a smile.  

In terms of physiology, sadness is associated with activity of the lachrymal 

glands that results in the shedding of tears.  Ekman et al. (1983) reported that skin 

conductance increased in sadness relative to fear, anger and disgust when imagery 

was used to elicit emotions.  In another study examining the physiological correlates 

of distinct emotions including sadness during the directed facial action task, heart 

rate and skin conductance was raised during sadness in comparison to a baseline 

(Levenson et al., 1990; Levenson, Ekman, Heider, & Friesen, 1992).  However, other 

studies have failed to consistently distinguish the physiological correlates of sadness 

from other emotions.  In their meta-analysis, Murphy et al. (2003) found no 

significant differences in the spatial distribution of neural activity for sadness and 

happiness – both emotions were associated with activation of the rostral 

supracallosal anterior cingulated cortex (ACC) and the dorsomedial prefrontal 

cortex (DMPFC). 

Few studies have been conducted on the influence of sadness on cognitive 

processing.  Chepenik, Cornew & Farah, (2007) examined the effect of lab induced 

sadness on a range of cognitive tasks including digit span, the Stroop task, the 

attention probe task, facial emotion recognition as well as memory bias.  Sadness 

had no effect on any of the tasks apart from the facial emotion recognition and 

memory bias tasks, which led the authors to conclude that sad mood has little effect 

on cognition – at least in a sample of young adults with no history of depression.   

Some studies have highlighted the relationship between sadness and self-

focus.  During sadness attention becomes self-focused (Sedikides, 1992), which may 

function to assist the individual in understanding the implications of the loss they 

have experienced.  Increased self-focus might also be helpful in the re-alignment of 
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current roles and goals following their loss.  There is some evidence that sad 

individuals show local visual information processing bias – focusing on the details 

rather than the overall picture - in relation to a particular situation (Gasper, 2004; 

Gasper & Clore, 2002).  One interpretation of the local information processing bias 

in sadness is that sad individuals employ more effortful, systematic information 

processing strategies, thus paying more attention to the task details in comparison 

to happy individuals (Clore, Schwarz, & Conway, 1994).  Furthermore, dysphoric 

individuals have been found to show slower disengagement from negative word 

stimuli at longer stimulus presentation times (Koster, De Raedt, Goeleven, Franck, 

& Crombez, 2005).   

The feeling of sadness is accompanied by thoughts relating to the loss the 

individual has experienced, such as what the person is now missing or how things 

might have been had the loss not occurred (Roseman et al., 1994).  Sadness is 

characterised by feelings of downheartedness, discouragement, heaviness and 

gloominess and is often accompanied by related memories that sustain these 

feelings during the affective experience.  Sadness is associated with fatigue and 

tearfulness as well as the desire to give up or do nothing (Roseman et al., 1994). 

More intense forms of sadness such as that experienced following the loss of a loved 

one can be experienced as physical pain in the face and chest (Izard, 1991) and can 

result in agitation and restlessness as opposed to apathy (Frijda, 1986).     

Sadness is the emotion most likely to occur in conjunction with another.  In a 

number of diary studies in which participants reported the emotions they 

experienced over a number of days, Oatley and Duncan (1992) cited in Power and 

Dalgleish (2008) found that sadness occurred in 77% of all examples in which more 

than one emotion occurred simultaneously.  According to Power and Dalgleish the 

combination of sadness and anger is frequently experienced in bereavement while 

sadness-disgust combinations are thought to occur frequently in depression (e.g. 

Power & Tarsia, 2007).  In another study using an experience sampling approach,  

participants reported how they felt three times a day over the period of a month;  

the experience of sadness and anger was found to co-occur frequently (Zelenski & 

Larsen, 2000).  Izard (1991) also describes how sadness interacts with other 

emotions.  In addition to the sadness-anger and sadness-disgust links (which Izard 

refers to as sadness-shame), Izard identifies a sadness-fear bind.  For instance, a 
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young child left alone might get upset and cry.  If the child is punished for getting 

upset, then the experience of sadness might also become a learned activator of fear.  

The generalisation of the association to a variety of sadness eliciting situations can 

result in overwhelming problems for the individual during future stressful 

experiences.  Indeed, the coupling of sadness with other negative emotions appears 

to be a prominent feature in diverse psychological disorders.   

 

1.5.3 Disgust 

Disgust is most obviously associated with the violation of a gustatory goal.  

At its core, disgust is concerned with the oral incorporation of something that is 

considered offensive and contaminating.  Bodily products, in particular blood, 

mucus, faeces and vomit are universal triggers of disgust (Rozin, Haidt, & 

McCauley, 1999).  However, triggers of extreme disgust frequently involve morally 

reprehensible behaviour (Ekman, 2004).   Indeed, according to Rozin, Haidt and 

McCauley (1999), disgust represents a powerful way of transmitting cultural values 

in relation to moral standards.   

In terms of actions tendencies and behaviours, disgust is associated with a 

desire to distance oneself from the object, event or situation which led to the disgust 

reaction.  Davey (1994) in Power and Dalgleish (2008) describes disgust as a 

“rejection response”.   The disgusted individual feels like rejecting, expelling or 

pushing away the object of disgust.  Motivational goals associated with disgust 

centre on wanting to get away from, or rid of, the disgusting object (Roseman et al., 

1994).  Sensitivity in the upper lip and nostrils is increased and a slight gagging 

feeling might be felt in the throat.   

During disgust the upper lip is raised and the nose is wrinkled.  The cheeks 

are raised and the brow is lowered.  However, there appears to be a variety of 

disgust expressions that can be subtly differentiated (Rozin, Lowery, & Ebert, 1994).  

For instance, Rozin and his colleagues have shown that the nose wrinkle is 

indicative of a bad smell and to some extent a bad taste; the combination of the gape 

and tongue extension is indicative of core disgust, in particular contaminated foods 

while upper lip traction is thought to be associated with signalling disgust in a 

broader sense, including moral disgust. 
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In terms of physiology, disgust is associated with an increase in skin 

conductance, reduced heart rate, increased salivation and the feeling of nausea.  In 

their study of the physiological correlates of disgust, Stark, Walter, Schienle and 

Vaitl (2004) found that the degree of disgust reported by participants following 

exposure to 36 pictures with different disgust intensities was positively associated 

with skin conductance and negatively associated with heart rate.   

There are few studies focusing specifically on the relationship between 

disgust and cognitive processing.  There is some evidence that following exposure 

to a disgust prime (e.g. on hearing a disgust-eliciting story) disgust sensitivity is 

positively associated with latencies in the colour naming of disgust words on a 

subsequent Stroop colour naming task (Charash & McKay, 2002).  This suggests 

possible attentional biases for disgust related information following a disgust prime. 

The subjective experience of disgust is characterised by the feeling of nausea 

and other feelings that centre on revulsion.  Interpersonal disgust is also associated 

with feelings of failure, disappointment in oneself or others, disapproval of ones 

own actions or the actions of others, as well as anger and contempt (Izard, 1991).  

Indeed, disgust provides the foundation for more complex emotions such as shame 

and guilt (Power & Dalgleish, 2008).  The experience of these emotions is prevalent 

in many emotional disorders including depression and phobias.  Shame is 

associated with disgust directed as the self, whereas guilt is oriented towards others 

and is associated with the feeling of falling short of some set standard in context of 

ones relationship with others.  Shame effects the perception of the whole self, 

whereas guilt is more specific and is generally focused on the specific event that led 

to the guilt experience.  In shame, the individual shows a desire to avoid the 

situation that lead to shame or those that witnessed the shameful event; whereas in 

guilt the guilty individual is motivated to seek reparation (Teroni & Deonna, 2008). 

 

1.5.4 Anger 

The feeling of physical or psychological restraint triggers anger – infants as 

young a four months of age show anger in response to arm restraint (Izard, 1991).  

In older children, verbal restraints or prohibition provoke anger.  Themes relating to 

physical or psychological restraint, or blocking a person’s progress toward a goal 
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are generally associated with the experience of anger (Power & Dalgleish, 2008; 

Roseman et al., 1994).  Anger also occurs in response to pain and the threat of attack, 

either physical or psychological.  Anger, as opposed to fear, is a common response 

when the threat is experienced as being intentionally and unjustly provoked by 

another individual.  The expression of anger is more often than not directed at 

another person (the person perceived as causing the wrongdoing), and is associated 

with a desire for punishment or retribution following the perceived wrongdoing.  

Thus, anger is a complex, multi-dimensional emotion, arising in situations 

associated with physical and psychological affronts to the individual.   

The angered individual feels like striking out or attacking the source of his 

or her anger.  Intense experiences of anger, i.e. rage, are accompanied by a rapid 

mobilisation of energy which further motivates the angered individual to lash out or 

act in some way in response to the obstacle that lies in their path (Izard, 1991).  

Anger and fear often co-occur in threatening situations, indeed anger often occurs 

just after fear in situations where a particular person, object or event can be 

identified as deliberately frustrating the goal of the angered individual.    

Anger mobilises the individual for action, inducing a feeling of vigour and 

self-confidence, thereby helping to prepare the individual to defend themselves in 

face of threat.  In terms of physiology, anger is associated with reddening in the 

face, piloerection, vasodilation of the blood vessels and bulging of the eyelid 

muscles (Levenson, 2003).  Anger is also associated with increases in sympathetic 

activation based on skin conductance measures.  In contrast, parasympathetic 

activity, as assessed by the absolute mean of absolute differences between 

successive heart periods, decreases during anger (Christie & Friedman, 2004).  

Anger is associated with increases in heart rate acceleration compared with 

happiness, and increases in finger temperature compared with fear (Levenson et al., 

1990). 

Anger serves important social functions in that it conveys that the angered 

individual is ready to defend themselves, to act or to lash out in response to an 

affront.  An angry expression signals that the angered individual feels as if their 

plans and goals have been deliberately thwarted in some way.  In anger the 

eyebrows are lowered and drawn together and the upper eyelids are raised, 

producing a glare.  The jaw is sometimes thrust forward and the margins of the lips 
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are narrowed.  Lip pressing might also occur, sometimes suggesting efforts at 

inhibiting anger (Ekman, 2004).  The expression of anger might provoke anger in 

another, especially if the other person feels as if the initial experience of anger was 

unwarranted in the first place.  Thus, anger can promote further cycles of anger if 

individuals respond with anger to one another.  Indeed, the experience of anger 

itself and vocalisation of the cause of anger can intensify the anger experience at a 

given moment in time.  Re-appraisals of the situation that led to anger in the first 

place; for example, acknowledging that the perceived affront was unintentional (if 

this is the case) often helps diffuse the anger experienced. 

 

1.5.5 Happiness 

Of the five basic emotions that are regularly identified in the literature, 

happiness is the only positive emotion.  Happiness is less circumscribed and 

broader in scope than sadness, anger, disgust and fear.   According to Veenhoven 

(1984), cited in Power & Dalgleish (2008), happiness refers to “…the degree to which 

an individual judges the overall quality of his life-as-a-whole favourably” (p.323).  

From this perspective, happiness appears to relate to a mental representation of 

numerous goals in various domains across the individual’s life (Power & Dalgleish, 

2008).  This generalised happiness is associated with the appraisal that an important 

goal, or progress towards important goals, is being made. 

In addition to generalized happiness, several discrete positive emotions can 

be identified.  For instance,  Ekman (2004) identifies 16 discrete positive emotions.  

These include the sensory pleasures relating to the five senses; visual, tactile, 

auditory, olfactory and gustatory pleasures, as well eleven additional positive 

emotions: amusement, contentment, excitement, relief, wonder, ecstasy, fiero (good 

feeling about oneself associated with accomplishment), naches (a blend of pleasure 

and pride associated with parental investment), elevation (positive feeling 

associated with unexpected acts of kindness and compassion), gratitude and 

schadenfreude.  Ekman’s list of “enjoyable emotions” highlights the diverse nature 

of positive emotional experience and draws into question the utility of the inclusion 

of only one generic positive emotion – “happiness” in many lists of basic or discrete 

emotions.    
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The inadequacy of traditional emotions theories in accounting for positive 

emotions has led Fredrickson (1998; 2002; 2003) to propose the broaden-and-build 

theory of positive emotion.  According to Fredrickson (1998), positive emotions 

have been marginalised in the emotions literature for many reasons.  Positive 

emotions are less differentiated than are negative emotions: They are less numerous 

than negative emotions, more diffuse than negative emotions and thus more 

difficult to pin down.  Additionally, positive emotions have no distinctive signals – 

instead, all of them appear to share the Ducheene smile, and there is no convincing 

evidence for specific autonomic responses that distinguish between different 

positive emotions.  Furthermore, self-reports of positive emotions suggest a greater 

degree of blending as compared with self-reports of negative emotion (Ellsworth & 

Smith, 1988).    

Fredrickson (1998) also argues that discrete positive emotions do not fit the 

prototypical models of emotions that have been developed to understand negative 

emotions.  Such models include the notion of specific action tendencies, distinct 

patterns of autonomic arousal and distinctive signals.  While negative emotions 

have evolved as appropriate responses in threatening (often life-threatening) 

situations, positive emotions serve a different purpose.  Positive emotions yield non-

specific action tendencies; Frederickson cites the “free activation” associated with 

joy (Frijda, 1986) as an example of this.  Positive emotions can be associated with the 

changes in cognitive activity or thought-action tendencies as opposed to specific 

action tendencies.  When an individual experiences positive emotions, a broader 

range of novel and creative thoughts and actions come to mind which prompts the 

individual to pursue new, often unscripted patterns of thought and action.  Through 

their broadening effects, positive emotions are thought to undo the effects of 

negative emotions (Fredrickson & Levenson, 1998) and to trigger upward spirals of 

emotional well-being (Fredrickson & Joiner, 2002). 

Joy is often characterised as a discrete positive emotion (Fredrickson, 1998; 

Frijda, 1986; Izard, 1991; Ortony et al., 1988) and is frequently used interchangeably 

with happiness (Lazarus, 1991).  Joy is experienced as a pleasant, desirable, positive, 

rewarding feeling.  Feelings of joy often occur in situations associated with the 

appraisal that a valued goal has been achieved or progress towards a valuable goal 

has been made (Power & Dalgleish, 2008).  The intensity of the joy experience is 
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associated with the degree to which the event that elicits joy is considered to be 

desirable (Ortony et al., 1988).  Joy does not have a specific function, but rather 

increases general readiness to interact with the environment.  According to Frijda 

(1986),  “…free activation, the action tendency of joy, is in part, unasked-for 

readiness to engage in whatever interaction presents itself and in part readiness to 

engage in enjoyments” (p.89).  Fredrickson (1998) is more specific, suggesting that 

joy creates the urge to play in the broadest sense (e.g. physical, social, intellectual 

and artistic play).   

Contentment is a low arousal positive emotion and is often used 

interchangeably with other low arousal positive emotion labels such as serenity and 

tranquillity.  Contentment occurs in situations that are appraised as being safe, 

effortless and involve a low degree of  effort (Ellsworth & Smith, 1988).  Feelings of 

contentment occur when everything seems right in the world, even for just a few 

moments (Ekman, 2004).  Frijda (1988) suggests that the function of contentment is 

recuperation and contentment is associated with inactivity.  Contentment involves 

savouring the moment, feeling one-ness with the world and integrating recent 

events and achievement into one’s overall self-concept.  This is thought to result in a 

broadening of the individuals self and world views (Fredrickson, 1998, 2000).   

Amusement is another positive emotion frequently experienced in everyday 

settings.  This particular emotion is often used to elicit a positive emotional response 

in lab settings.  Amusement is associated with the individual’s response to the 

external world and is also thought to relate to the transformation of dangerous 

situations into safe ones (Keltner, 1995).  The facial and physiological correlates are 

more obvious for amusement than for other positive emotions.  Displays of 

amusement include Duchenne smiles, back-directed head movements and the 

mouth opening characteristic of laugher.  In comparison to other positive emotions, 

amusement experiences show greater coherence between behaviour and 

physiological responding (Mauss et al., 2005).  Laughter involves a distinctive 

respiratory-vocal pattern that is associated with distinctive psychophysiological 

correlates (Ruch & Ekman, 2001).  Laughter and humour also function to forestall or 

end conflict (Norrick & Spitz, 2008);  it nurtures group solidarity and is linked with 

creativity and play (Coates, 2007).   
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In summary, many categorisations of emotion use the term “happiness” to 

account for a range of positive emotions including joy, contentment and 

amusement.  More recent theories of positive emotions such as the broaden-and-

build are important as they provide a theoretical framework against which a better 

understanding of the nature and variety of positive emotions can be developed.   

 
 

1.6 Conclusion 

  This first chapter highlights the complex and multi-faceted nature of 

emotional experience and provides a comprehensive background against which the 

emotion-attention relationship can be understood.  It also suggests that attentional 

processes can be viewed as one of many components of emotion.  It is this 

component of emotion that is the focus of this PhD research.  Specifically, this 

research addresses whether or not specific emotions are associated with distinct 

patterns of attentional processing.  Chapters 2 to 4 are concerned specifically with 

the emotion-attention relationship and discuss the behavioural paradigms used to 

assess attentional processes.  Chapter 5 is concerned with how emotional responses 

are elicited and measured in a lab setting.  Chapter 6 provides an overview of the 

key research questions addressed in this thesis.  In Chapters 7 to 12, a set of seven 

experimental studies that examine the emotion-attention relationship are reported.  

The final chapter will bring together the key findings and the theoretical and 

methodological implications that have emerged during the course of this PhD 

research. 
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2.0 Chapter Overview  

Before proceeding to a more detailed discussion of emotion and attention 

research in subsequent chapters, the present chapter examines the behavioural 

paradigms that are commonly used to examine emotion and attention in a lab 

setting.  These include the global-local task, the Stroop, the dot probe task, the 

exogenous cueing paradigm and the flanker task.  This is necessary in order to 

better understand how different forms of attention are assessed and measured in 

experimental settings, and to understand some of the limitations associated with 

common attention paradigms. 

 
 

2.1 Tasks Used to Examine Emotion and Attention 

2.1.1 The global-local task 

The global-local paradigm (Navon, 1977) is used to examine biases for global 

compared to local visual processing.  Kimchi and Palmer’s global-local visual 

processing stimuli (Kimchi & Palmer, 1982) are often used for this purpose (e.g. Fig. 

2.1).  The global-local task requires participants to judge which of two figures is 

most similar to a target figure.  In the example in Fig. 2.1, the target figure is a 

triangle composed of squares.  Two comparison figures are presented below the 

target.  The comparison figure on the left represents a global configuration as its 

overall form (a triangle) matches that of the target.  The comparison figure on the 

right represents a local configuration as the local features (squares) reflect the local 

features in the target figure.  Choosing the global comparison as being more similar 

to the target reflects a global processing bias and is often interpreted in terms of 
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broadened scope of attention (e.g. Fredrickson & Branigan, 2005).  Choosing the 

local comparison is thought to reflect narrowed attentional focus.  There is some 

evidence for an association between lab-induced positive mood and a global visual 

processing bias (Fredrickson & Branigan, 2005), as well as negative mood and a 

local bias (Gasper, 2004; Gasper & Clore, 2002).   

 

 

Fig. 2.1:  Example of a global-local processing stimulus triad. 

 

 

The use of the global-local task as a measure of biases for global and local 

visual processing has some shortcomings.  In general, individuals have a global 

visual processing bias and tend to first examine the whole picture as opposed to its 

components parts (Kimchi, 1992; Stoffer, 1993).  Consequently, pen and paper 

versions of the task which involve counting the number of global matches compared 

with local matches (e.g. Fredrickson & Branigan, 2005) can result in ceiling effects as 

an individual’s general global bias outweighs any shift towards local processing 

that might result from an experimental manipulation (Finucane & Whiteman, 2007).  

In contrast to paper and pen tests,  measures of global or local visual processing that 

are based on reaction times provide a more sensitive assessment of the costs 

associated with local visual processing in context of more general global biases (e.g. 

Gasper, 2004; Peterson, 2003)  

Another limitation of the global-local task is that it is unclear which 

attentional processes underlie visual processing biases.  For instance, a global bias 

could be interpreted in terms of broadened scope of attention and impaired 

attentional focus.  This interpretation would fit with a zoom lens model of attention 

which would allow for increases or decreases in the attentional spotlight in line with 

Target figure 

Comparison figures 
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task demands.  An alternative interpretation is that global biases reflect increased 

orienting or shifting of attention between the component parts of an image from 

which a holistic global image emerges.  Although the global-local task is an 

intuitively appealing measure of breadth of attention, attention tasks that more 

clearly tap into distinct, theoretically grounded attentional processes are more 

useful in developing a better understanding of the effect of emotion on attention.  

 

2.1.2 The Stroop task 

The Stroop task (Stroop, 1935) is often used to examine interference from 

non-target information and cognitive control aspects of attention.  In the classic 

Stroop, participants are presented with a word or non-word (e.g. XXXX) and are 

asked to name the colour of the ink in which the item is printed.  Participants are 

faster to name the colour of the ink when the base items do not conflict with the ink 

colour.  For instance, naming the colour of meaningless stimuli such as XXXX takes 

less time than naming the colour of a colour word such as RED when it appears in 

green ink.  This is referred to as the Stroop effect and tends to occur when an 

individual’s ability to respond to one aspect of the stimulus (the ink colour) is 

interfered with by the other (the semantic meaning of the word).  Stroop effects tend 

to be asymmetrical, e.g. in the classic Stroop, word meaning interferes with word 

colour naming, but not vice versa.  The semantic meaning of the word automatically 

activates its response.  At the same time, the conscious control of attention can 

prevent a response being made based on the word name, while the target response – 

naming of the ink colour – gains control over overt action (Styles, 2006).   

According to Posner (1975), cited in Styles (2006), both the semantic meaning 

of the word and the ink colour are automatically processed in parallel until a 

response is about to be made.  This idea of parallel processing led to the 

development of a connectionist model of Stroop responding (Cohen, Dunbar, & 

McClelland, 1990; Cohen & Huston, 1994).  According to this model, there is a 

separate processing pathway for both reading and colour naming.  Following model 

training, the strength of the connections within the word reading pathway becomes 

stronger than the connections in the colour naming pathway.  This training is akin 

to practice in everyday settings – as humans who take part in Stroop experiments 
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tend to be very practised at reading, word naming pathway connections are 

stronger than the colour naming connections.  Because of this, when participants are 

presented with a stimulus such as RED in green ink, they need to be able to inhibit 

or modulate the stronger response in order to produce the weaker correct response 

based on the demands of the task.  Cohen and Huston incorporate task demand into 

their model (Fig. 2.2).   Activation of the task demand unit helps to sensitize the 

appropriate path-way and desensitise the inappropriate pathway thus facilitating a 

correct response. 

 

 

Fig. 2.2:  Network architecture for the model of the Stroop task 

 (Cohen & Huston 1994) 

 

Response 

 

 

 

 

 

 

 

 

 

 

 

 
Variations on the Stroop paradigm are common in studies of emotion and 

attention, in particular in studies concerning anxiety and attentional biases for threat 

(for a review see Williams, Mathews & MacLeod (1996)).  For instance, Mogg, 

Mathews and Weinman (1989) found that physical threat words (e.g. disease, 

mutilated) and social threat word (failure, inadequate) interfered more in the colour 

naming of words in anxious compared with non-anxious participants, especially 

when the threat words were associated with worries relevant to the anxious 

participants.  Similarly,  Mogg, Bradley, Williams and Mathews (1993) showed that 
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anxious participants, compared with a depressed and a control group, showed 

relatively slower naming for both supraliminally and subliminally presented 

negative words (e.g. embarrassed).  This suggests the existence of a pre-attentive 

processing bias for negative words in anxiety.  

A common interpretation of the findings in relation to emotion (in particular 

anxiety) and performance on the emotional Stroop task is that emotional stimuli 

(e.g. threatening words) attract more processing resources as they activate 

underlying schemas or knowledge structures relating to personal threat (e.g. Mogg 

et al., 1989).  Williams et al. (1996) have described how the emotional Stroop task 

might be understood in context of Cohen and Huston’s (1994) connection model.  

They identify three possible ways of modelling colour-naming interference by 

emotional stimuli.  Firstly, input units that represent stimuli relevant to the current 

concerns of the individual may be more practised than others, which may result in 

greater colour naming interference at the output stage (e.g. colour naming of the 

word snake for a snake phobic).   Secondly, the baseline or resting level of activation 

for emotional words may be higher for stimuli that are of concern to the individual.  

Thirdly, if any input unit of concern to the individual is associated with threat, this 

might result in an increase in responsivity for those units.  The connectionist 

approach seems to account well for the general finding that clinically anxious 

individuals are slower to colour name words associated with their clinical condition. 

Although the Stroop task has been useful in highlighting attentional biases 

for threatening information in clinically anxious and high anxious individuals, the 

task itself is limited as a measure of selective attention.  The Stroop paradigm has 

shown that threat related words presented in the focus of attention interfere with 

other information presented in the same location.  However,  it remains unclear 

whether this interference occurs at the level of perceptual analysis, the level of 

response selection or at some intermediate stage (Seymour, 1977).  Interference in 

the emotional Stroop might even result from an emotional reaction to the 

threatening words themselves, or from the use of defensive strategies to shift 

attention away from the words (Matthews (1990) in Fox (1993)).  Indeed, Fox (1993) 

suggested that a good measure of selective attention requires a paradigm in which 

selective attention is possible – in particular, distracting stimuli need to be presented 

in a different location from the target stimuli, resulting in a clearer test of selectivity. 
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2.1.3 The dot-probe task 

The dot-probe task (MacLeod, Mathews, & Tata, 1986) was developed to 

more directly assess whether visual attention is allocated to the location of 

threatening words in anxiety.  In this task, two words which are located about 5 cm 

apart on a computer screen are presented simultaneously.  After a set time, e.g. 500 

ms, both words disappear and a visual probe (usually a dot) appears in the same 

position as one of the words.  Participants are required to respond as soon as they 

see the dot by pressing a button or key indicating the location in which the dot 

appeared (Fig. 2.3).  The distribution of attention is assessed by how fast 

participants are to detect the dot.  It is assumed that participants respond more 

quickly to the dot if their attention had been selectively focused on the location in 

which the dot appears prior to the actual appearance of the dot.  For instance, in the 

example below, faster responses to the dot probe when it appears above the fixation 

cross suggests that the participant’s attention had been selectively focused on the 

word “stupid”, and is interpreted as vigilance for threat in high anxious 

participants.  Longer RTs suggest that the participant’s attention had been 

selectively focused on “colour” and that they had to shift their attention to the 

location in which the dot probe subsequently appeared. 

 

Fig. 2.3:  Example of a dot-probe task trial 

. 

 

 

 

 

 

(1) Fixation cross   (2) word stimuli       (3) dot probe  

 

  

One advantage of the dot-probe task in comparison to paradigms that 

examine attentional biases for threat related stimuli (e.g. paradigms in which the 

target is threat related) is that it eliminates the possibility of mood dependent 
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response bias (MacLeod et al., 1986).  For instance, findings that fear-relevant words 

are detected more accurately by anxious participants could be due to biases in the 

allocation of attention to mood-congruent information.  Alternatively, such results 

could result from a mood dependent response bias where participants favour 

responses that are congruent with their current moods.  In the latter case, there is no 

encoding bias; rather participants favour guesses or responses that match their 

current mood.  In the dot probe task participants are required to respond to a 

neutral target, eliminating the possibility for mood-congruent responding.  

A second advantage of the dot-probe task is that it allows for more direct 

examination of how attention is distributed.  Separating the location of the threat 

and non-threat stimuli, and subsequently examining response times to a dot probe 

appearing in the location of one or other stimulus words, provides a more direct 

measure of the allocation of attention.  For instance,  using the dot-probe paradigm,  

MacLeod et al., (1986) found that anxious individuals detected target probes more 

quickly when they were preceded by a threat word, suggesting that anxious 

individuals tended to shift their attention towards threatening stimuli.  In contrast, 

non-anxious individuals detected the probe more rapidly when the threat word did 

not appear in the location in which the probe appeared, which suggests that non-

anxious individuals tend to shift their attention away from threatening stimuli.  

Consequently, evidence from the dot-probe task provides more convincing evidence 

that anxiety is associated with attentional biases for threat related stimuli.  

Another advantage is that the dot-probe can be used to examine the time 

course of visual attentional processing.  By varying the durations between the 

presentation of the valenced stimuli (e.g. words or faces) and the subsequent 

appearance of the dot probe, it is possible to examine how attentional biases for 

emotional stimuli compared with non-emotional stimuli vary based on stimulus 

presentation times.  For instance, Mogg, Bradley, De Bono and Painter  (1997) 

investigated the time course of attentional biases for threatening information in non-

anxious participants using a modified dot-probe task.  In their task, word stimuli 

were presented at variable durations – 100 ms, 500 ms or 1500 ms -  and were 

followed by a dot probe which appeared in the same location as one of the word 

stimuli.  Higher levels of state anxiety were associated with longer response 

latencies to dot probes which replaced threat words indicating attentional vigilance 
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for threat in anxious states.  However, this bias effect was not influenced by the 

exposure duration of the word stimuli allowing the researchers to conclude that 

attentional biases for threat do not appear to vary significantly over the course of 

100 ms to 1500 ms in non-clinical anxiety.   In another study, Bradley, Mogg, and 

Lee (1997) used the dot probe task to examine the attentional biases for negative 

information in dyphoria.  Participants were presented with word pairs presented for 

either 14ms, 500 ms or 1000 ms following which a dot probe appeared in place of 

one of the words.  Bradley et al. found that depressed mood was associated with 

greater vigilance for depression-related words at 500 ms with a similar trend at 1000 

ms.  There was no evidence for a pre-conscious bias for negative words.   In this 

way, altering the presentation durations of the word stimuli in a dot-probe task can 

provide insights into attentional biases for valenced information over time. 

However, like the Stroop task, the dot-probe task is not an ideal measure of 

attentional orienting or selective attention.  For instance, in anxiety studies based on 

both the Stroop and dot-probe paradigms it is impossible to determine whether 

threatening information draws attention, or whether once attended, threatening 

information holds attention (Fox et al., 2001).  Either possibility would lead to 

greater interference and longer colour naming times on the Stroop task, as well as 

longer latencies in responding in the dot-probe task.  Another problem specific to 

the dot-probe is that although the two word stimuli are presented in different 

locations, they are both relevant to the task, so the participant might try to attend to 

both locations simultaneously or shift attention rapidly between the two locations. 

Thus, the dot-probe never actually appears in a truly unattended location.  

Additionally, often dot-probe tasks involve presenting the stimulus words for 500 

ms or more, plenty of time for at least one eye-movement to occur.  Thus, it is 

difficult to draw inferences about whether threat related stimuli initially draw 

attention of high anxious participants or whether attention shifts from an initial 

location and dwells in the threat related location. 

More worryingly, the reliability of various versions of the dot-probe task 

(e.g. with picture and word stimuli) was examined by Schmukle (2005).  Over the 

period of one week, the task performed poorly in terms of internal consistency and 

test-retest reliability, leading Schmukle to conclude that the dot-probe task is an 

inadequate measure of the distribution of attention in non-clinical samples.   



 

 41 

2.1.4 The exogenous cueing task 

A modified version of Posner’s exogenous  cueing paradigm (Posner, Inhoff, 

Friedrich, & Cohen, 1987) was introduced by Fox et al. (2001) to examine attentional 

engagement and disengagement processes associated with the processing of 

threatening information in anxiety.  An exogenous cue is a cue that automatically 

attracts attention to the location in which it appears (Jonides & Irwin, 1981).  In 

Posner’s original paradigm, participants are required to detect the location of a 

target (e.g. a square) that appears to the left or right of a fixation point.  The target is 

preceded by valid or invalid cues on some trials, and no cue on other trials.  Cues 

are considered valid if they appear in the location in which the target subsequently 

appears.  Cues are invalid if they appear in a location other than the location in 

which the target will appear (See Fig. 2.4).   On validly cued trials it is assumed that 

attention has already been drawn to the location in which the target appears.  In 

contrast, on invalidly cued trials, attention needs to shift from the location in which 

the invalid cue appeared to the location of the target.  Valid cues occur 80% of the 

time and result in faster RTs to the target relative to invalidly cued and uncued 

trials.  Invalid cues occur on 20% of trials and result in longer reaction times 

compared to uncued and valid trials.  This is known as the cue validity effect.  
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Fig.  2.4:  Schematic display for an exogenous cue - valid trial 

 (from Tales, Muir, Bayer, & Snowden, 2002) 

 

 

 

In Fox et al. (2001), the valence of the exogenous cue was manipulated so 

that the cue was either a positive, negative or neutral face or word.  The target was 

always a neutral circle (Fig. 2.5).  Covert allocation of attention (engagement, 

shifting or disengagement) was assessed by comparing reaction times to the target 

following valid and invalid cues in different cue valence conditions.  For example, a 

cue valence by cue validity interaction was found, i.e. on invalidly cued trials, when 

the cue was threat related, participants took longer to localize the target in 

comparison to when the cue was positive or neutral.  These RT latencies were 

assumed to reflect either delayed disengagement from the negatively valenced cue, 

or slower shifting of attention from the invalidly cued location to the location in 

which the target actually appeared.  Further analysis revealed that negatively 

valenced cues did not speed up the localization of targets in validly cued locations.  

This suggests that the disengagement component of attention was influenced by the 

presentation of negatively valenced stimuli, resulting in longer dwell times and 

slower disengagement from the cue 
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Fig. 2.5:  Example of a validly cued trial (from Experiment 1, Fox et al. (2001)) 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

The exogenous cueing task represents an improvement on tasks such as the 

Stroop and the dot-probe as it specifically examines distinct components of 

attentional processing such as disengagement, engagement and shifting.  However, 

the task still has some drawbacks.  For instance, Fox et al. (2001) assessed 

disengagement based on reaction times on invalidly cued trials.  This approach is 

slightly problematic as it does not take into account the possibility that a general 

slowing of RTs may occur on some trials – specifically that overall RTs may be 

slower in the negative emotion cue condition resulting in longer RTs on 

disengagement trials which might mistakenly be interpreted as evidence for 

delayed disengagement.  This possibility was recently highlighted by Mogg, 

Holmes, Garner & Bradley (2008) who examined the RTs of participants on  a 

central cue task – i.e. the target appeared in the same location as the cue, eliminating 

any need for a spatial shift of attention.  These researchers found that threatening 

cues had a slowing effect on the reaction times of high anxious individuals.  If the 
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slowing effect was taken into account when examining RTs of participants on a 

typical spatial cue task, there was no longer any evidence for delayed 

disengagement – in fact the data suggested an increased bias in the shifting of 

attention towards threatening cues in high anxious individuals.  In short, the 

possibility that slower RTs on trials that are preceded by an invalid negative cue 

might be due to response slowing associated with the presentation of the negative 

cue, suggests that the exogenous cueing task is not as pure a measure of threat 

related biases in attentional shift and disengagement as initially considered.  Indeed, 

Mogg et al. (2008) go as far as to suggest that researchers refrain from using the 

exogenous cueing task to examine the relationships between anxiety, valenced 

stimuli and the attentional processes and propose that future research should 

identify new paradigms to clarify the component processes of attentional biases in 

anxiety. 

 
 

2.1.5 The flanker task 

The flanker task (Eriksen & Eriksen, 1974) is a widely used measure of 

selective attention.  In the original version of the task participants were required to 

respond to a centrally located letter that appeared within a set of five letters, e.g. 

KKHKK, by pressing a lever.  Participants were instructed to press the lever in one 

direction if the central letter (target) was one of a set of two letters, and to press the 

lever in the opposite direction if the letter was from another set.  For instance, when 

H and K are assigned to the same lever response, participants were faster to respond 

to a H target in a KKHKK display as lever responses are compatible, as opposed to a 

H target in a SSHSS display where lever responses are incompatible.  This became 

known as the flanker compatibility effect (FCE).  Delays in responding on 

incompatible (incongruent) trials are due to interference caused by response 

competition; unless the distractors had been processed to the point where their 

responses had become available, no response level differences in interference should 

have arisen.  Eriksen and Eriksen (1974) also showed that interference from 

response incompatible distractors is dependent on the distance of the distractors 

from the target – when the distractors are within one degree of visual angle of the 
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target, they are impossible to ignore. The effect is greatest when the target-distractor 

separation was .06° (Eriksen, 1995). 

In commonly used versions of the task, participants are presented with a 

target letter surrounded by two congruent or incongruent letters.   The flanker 

compatibility effect is assessed by subtracting reaction times to targets surrounded 

by compatible flankers from RTs to targets surrounded by incongruent flankers 

(Fig. 2.6).  Higher scores are assumed to reflect less efficient inhibition of the to-be-

ignored flanker items and impaired selective attention. 

The flanker task appears to be less frequently used than the Stroop or the 

global-local task in research on emotion and attention.  However, in comparison to 

both, it has some advantages in investigations of selective attention (e.g. Fenske & 

Eastwood, 2003; Rowe, Hirsh, & Anderson, 2007; Wilkowski & Robinson, 2008).  In 

particular, by separating the location of the target and distractors, the task provides 

a clearer measure of selective visual attention, in comparison to tasks in which the 

target and distractor (or the global and local stimuli) are in same location  

Furthermore, manipulating the distance between the target and the flankers can be 

used to examine breadth of attentional selection. 

 

Fig. 2.6:  Example of a congruent and incongruent flanker trial 

in Rowe et al. 2007 

  

 

 

 

 

2.1.6 Summary  

The global-local, Stroop, dot-probe, exogenous cueing and flanker 

paradigms have been useful in shedding light on attentional processing associated 

with emotion, in particularly anxiety, as well as attentional biases to threatening 
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stimuli.  However,  a drawback in the use of a variety of attention tasks commonly 

used in emotions research is that it is sometimes unclear precisely what attentional 

mechanisms are being examined and how different attentional processes might be 

interrelated.  For instance, the Stroop task is a popular measure of automatic 

interference associated with naming a word which slows colour naming (target) of 

that word.  It is sometimes considered an adequate measure of response inhibition 

or cognitive control – greater cognitive control is associated with a reduction in 

interference from the non-target word name, which might also reflect enhanced 

attentional focus.  However, enhanced selective visual attention cannot be assessed 

by the Stroop as both the target (word colour) and non-target (word name) stimuli 

both appear in the same location and within the participant’s focus of attention.  

Another limitation of the Stroop is that it is unclear the extent to which speeded 

orienting towards, or delayed disengagement from the non-target word might 

contribute to the interference effect. 

The dot-probe task circumvents one of the problems associated with the 

Stroop by separating the non-targets (e.g. words) and target (dot probe) stimuli 

spatially and in time.  This task can more clearly show attentional biases for 

threatening in comparison to non-threatening words as participant RTs have clear 

implications for the location in which attention was allocated prior to the onset of 

the neutral target probe.  However, a weakness of this paradigm is that individuals 

can attend to both stimuli at once, or can initially orient to one stimulus before 

shifting attention to another.  Furthermore, the important issue of whether valenced 

stimuli draws or holds attention cannot be addressed using this task.     

The exogenous cueing task examines attention engagement, disengagement 

and shifting more directly.  In the exogenous cueing task, covert attentional 

orienting is assessed by subtracting RTs on validly cued trials from RTs in invalidly 

cued trials.  The difference is called the cue validity effect and represents the time 

taken to covertly shift attention from the invalidly cued location to the cued 

location.  Comparing the cue validity effect across experimental conditions provides 

a pure measure of attention shift.  However, in emotions research, data from the 

exogenous cueing paradigm has also been used to assess attentional engagement 

and disengagement (e.g. Fox et al., 2001).  Engagement has been assessed by 

examining RTs to validly cued targets while disengagement has been assessed by 
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examining RTs to invalidly cued targets respectively.  Evidence based on this type 

of RT analysis suggests that negatively valenced cues differentially influence 

disengagement processes.  However,   the lack of a baseline comparison means that 

confounding factors such the possibility of global slowing of RTs in certain 

conditions are not factored out when the RTs to valid or invalid trials are compared 

alone (Mogg et al., 2008). 

Often tasks are used without clear reference to which aspect of attentional 

processing is being examined.  Tasks that appear similar from the outset may tap in 

to subtly different attentional processes.  For instance, Gotlib, Kasch, Traill, 

Joormann, Arnow and Johnson (2004a) examined attentional biases for valenced 

information in  individuals with depression, social phobia or no disorder.  

Participants performed a range of information-processing tasks including the 

emotional Stroop and the dot-probe task.  These researchers were surprised to find 

little correlation between the two measures of bias: “ What is more disturbing 

however, is that even the tasks assessing only attentional biases did not demonstrate 

the expected pattern of correlations” Gotlib et al. (2004, p.395).  However, both tasks 

actually assess different aspects of attentional processing, so weak or non-existent 

correlations were not necessarily surprising, especially if distinct attentional 

processes are relatively independent of one another.  The Stroop task requires the 

suppression of a prepotent response whereas the dot-probe task is concerned more 

with the orienting of attention.  As Gotlib and colleagues point out, the instructions 

associated with each task are also likely to influence the way the tasks are 

performed.  In the Stroop task participants are instructed to ignore the distracting 

word name, whereas in the dot-probe, participants are free to orient their attention 

to either of the word stimuli presented before the target.  The dot-probe is a more 

naturalistic task in this regard; however the Stroop is more likely to involve 

cognitive control mechanisms which are less obvious in the dot-probe task. 

In contrast to the exogenous cueing and the dot-probe paradigms which are 

concerned with attentional orienting, the flanker task investigates selective 

attention.  The flanker is a better measure of selective visual attention than the 

Stroop as it separates the location of the target from peripheral information, thus 

providing more direct evidence in relation to the selectivity of attention and the 

breadth or scope of attention. 
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2.2 Conclusion 

In this chapter the attention paradigms commonly used in studies of the 

relationship between emotion and attention have been outlined.  Each paradigm 

taps into different aspects of attentional processing compared to any other.  At a 

general level, the dot probe and exogenous cueing paradigms assess orienting 

aspects of attention, whereas the global-local, Stroop and flanker paradigms assess 

response inhibition and selectivity aspects of attention.  In choosing an attentional 

paradigm, it is important that researchers explicitly clarify which aspect of attention 

is being examined.  There is a growing consensus that attention is an umbrella term 

for various forms of attention or attentional sub-systems (Posner et al., 1987; Posner 

& Petersen, 1990; Posner & Rothbart, 2007; Raz & Buhle, 2006; Styles, 2006), and it is 

possible that emotions will differentially influence some, but not other forms of 

attention.  It is suggested that in studies of emotion and attention, a clear distinction 

should be made in relation to the type of attentional processes that are being 

investigated.  A relatively new paradigm is used in this thesis to examine three 

forms of attentional processing – alerting, orienting and executive attention.  This 

will be described in Chapter 4.  In the next chapter, I will introduce some of the key 

research on emotion and attention. 
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3.0 Chapter Overview 

In the present chapter, research on the relationship between emotions and 

attention is discussed.  First, research which examines attention for emotional 

information is outlined.  Next, research findings relating to the relationship between 

anxiety or depression and attention is summarised.  Finally, research examining the 

effect of discrete emotions on attentional processing is introduced.  The current 

thesis is primarily concerned with this last area, which is also the area with the least 

amount of research to date.   

 
 

3.1 Attention to Emotional Stimuli 

Studies of attention to emotional information are concerned with examining 

attentional biases for emotionally salient versus neutral or non-emotional 

information.   Two distinctive hypotheses are distinguished in the literature: the 

threat superiority effect and the emotionality hypothesis. 

 

3.1.1 Threat superiority effect 

The threat superiority effect suggests that threat related stimuli capture 

attention more efficiently than do positive or non-emotional stimuli.  Much 

evidence for the threat superiority effect has been drawn from studies of attention 

for emotional face expressions and for emotion words.  In a classic study, Hansen 

and Hansen  (1988) presented participants with a crowd of faces on a computer 

screen.  Participants were asked to decide whether all the faces were the same or 

whether there was one discrepant face in the crowd.  Participants were faster to 

detect an angry face in a crowd of happy faces than a happy face in a crowd of 

angry faces.  Furthermore, the speed by which the angry face was detected was 
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relatively unaffected by the size of the crowd.  This “pop-out” effect of an angry face 

provided initial evidence that threatening stimuli is pre-attententively or 

automatically processed and has an advantage in capturing attention over non-

emotional or positively valenced stimuli.   

Evidence for a threat superiority effect has been found in several studies 

(Eastwood, Smilek, & Merikle, 2001; Fox & Damjanovic, 2006; Fox et al., 2000; 

Öhman, Flykt, & Esteves, 2001).  For instance, Mogg and Bradley (1999a) used the 

dot probe paradigm to examine orienting of attention to threatening faces under 

restricted awareness – facial expression images were presented for 30 ms or less (14 

ms in Experiment 1 and 17 ms in Exp 3).  The emotional face stimuli were also 

subsequently masked by neutral images.  Under these conditions, most participants 

were not conscious of having viewed the faces at all.  However, the results showed 

that participants were faster to respond to probes in the location where the 

threatening face had appeared in comparison to the happy faces, indicating 

attentional biases for threat, even when the threatening face stimulus is presented 

subliminally.   

Further evidence that threatening stimuli automatically capture attention 

was reported in a classic study by Öhman et al. (2001).  Participants were presented 

with a set of images arranged in a grid and were required to perform a visual search 

task.  These images consisted of fear-relevant stimuli (e.g. snakes and spiders) or 

fear irrelevant stimuli (mushrooms and flowers).  Participants were faster to locate 

fear relevant than fear-irrelevant targets.  Additionally, fear relevant (but not fear 

irrelevant search) was relatively unaffected by the size of the array (which increased 

from 4 to 9 cells) suggesting that pre-attentive parallel search processes occur in the 

search for fear relevant targets.   

 

3.1.2 The emotionality hypothesis 

An alternative view to the threat superiority effect is that emotional stimuli, 

irrespective of whether they are positive or negative, capture attention more readily 

than do non-emotional information.  This is referred to as the emotionality 

hypothesis.  Calvo and Lang (2004) used eye-tacking to examine attentional 

preferences for emotional (positive and negative) images compared with neutral 
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images.  Participants viewed two pictures which appeared simultaneously on a 

computer screen for three seconds as their eye-movements were monitored.  An 

analysis of first fixations showed that participants were more likely to look first at 

the emotional picture (pleasant or unpleasant) as opposed to the neutral picture in 

any picture pair.  Additionally, viewing time within the first 500 ms was higher for 

the emotional pictures compared with the neutral pictures.  There were no viewing 

time differences after 500 ms.  These findings show preferential attention for 

emotional stimuli at early stages of visual processing.  However, there was no 

evidence that unpleasant pictures preferentially attracted attention in comparison to 

the pleasant images, providing support for the emotionality hypothesis over the 

threat superiority hypothesis.   

Similar results were found in a related study using eye-tracking to examine 

attentional orienting to and engagement on emotional scenes (Nummenmaa, 

Hyona, & Calvo, 2006).  Participants were presented with an unpleasant or pleasant 

image, which was simultaneously paired with a neutral image.  Both images were 

presented in peripheral vision and participants were asked to compare the 

pleasantness of each.  Participants were more likely to first fixate on an emotional 

image in comparison to the neutral image, and the frequency of subsequent 

fixations was greater for the emotional (either pleasant or unpleasant) compared to 

the neutral images.  These findings suggest that both pleasant and unpleasant 

emotional content capture overt visual attention. 

The threat superiority hypothesis and the emotionality hypothesis are 

obviously inconsistent with one other.  Nummenmaa et al. (2006) suggest that the 

inconsistent results might be due to the types of stimuli used.  For instance, many of 

the studies supporting the threat superiority explanation use emotional face stimuli, 

whereas findings in support of the emotionality hypothesis use emotional scenes.  

Emotional face stimuli are judged to be less emotional in terms of pleasantness and 

arousal ratings in comparison to facial stimuli which are embedded in emotional 

scenes.  Thus, one possible explanation for inconsistent findings is that when stimuli 

that are higher in emotional content are used (e.g. faces embedded in emotional 

scenes), positive stimuli are no different than negative or threat related stimuli in 

capturing attention. Accordingly, when more emotionally provocative stimuli are 

used, the emotionality hypothesis is favoured over the threat superiority effect. 
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3.2 Attentional Processing in Anxiety and Depression 

A second group of studies are those that pertain to the relationship between 

anxiety or depression and attention.  This line of research has been motivated to a 

large extent by clinical questions relating to attentional biases for negatively 

valenced information in individuals with anxiety disorders or depression (e.g. 

Matthews & Wells, 1999; Mogg & Bradley, 1999b).   

 

3.2.1 Anxiety and attentional processing 

Research on anxiety and attention has given rise to two main hypotheses – 

the vigilance avoidance (VA) hypothesis and the attention maintenance hypothesis 

(AM)  (Weierich, Treat, & Hollingworth, 2007).  Both hypotheses are concerned with 

the extent to which anxious individuals initially orient attention towards, or 

maintain their attention on, threat-relevant information compared with non-anxious 

individuals.  More recently Eysenck, Derakshan, Santos and Calvo (2007) have 

proposed the Attention Control Theory (ACT) to explain attentional processing in 

anxiety.  The VA, AM and ACT are discussed in the following sections 

 

3.2.2 Vigilance-avoidance hypothesis 

According to the vigilance-avoidance hypothesis, vulnerability to anxiety 

stems from a lowered threshold for the appraisal of threatening stimuli.  

Furthermore, initial vigilance for high threat stimuli is followed by avoidance 

(Mogg & Bradley, 1998; Mogg, Bradley, Miles, & Dixon, 2004).  Evidence for this is 

drawn from studies showing that high anxious individuals show enhanced selective 

attention for threat related words or images (Mogg & Bradley, 1998, 1999b).  For 

instance, many studies have shown that individuals with generalised anxiety 

disorder (GAD) take longer to name the colours of threat related words (e.g. cancer, 

threat) on a Stroop colour naming task.   In the emotional Stroop task, delayed 

colour naming of threatening in comparison to non-threatening words is assumed 

to indicate attentional biases for the threat related words which interferes with 
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overall task performance, i.e. naming the colour of the words  (Mogg et al., 1989; 

Pratto & John, 1991; Williams et al., 1996).   

The performance of high anxious individuals on dot probe tasks has 

provided similar evidence.  Clinically anxious individuals are faster to respond to 

probes that appear in the same location as threat compared to non-threat words 

(MacLeod et al., 1986).  Several other studies have shown that both clinical and non-

clinical high anxious individuals are faster to detect probes replacing threat words 

or images, indicative of attentional biases for threat  (Fox (1993); for reviews see 

Mogg and Bradley  (1999b) and Mogg and  Bradley (2004)).  Evidence from masked 

versions of the both the Stroop and dot-probe task have resulted in similar results 

suggesting that even threatening information presented outside conscious  

awareness has the power to capture attention (e.g. Mogg & Bradley, 2002).  These 

findings are interpreted as evidence that anxious individuals have hypervigilant 

attentional systems and are more sensitive to threatening information than are non-

anxious individuals even when the threat is presented for very short durations or 

outside conscious awareness.   

Evidence also suggests more pronounced avoidance of threat related stimuli 

at longer exposure durations in high anxious participants compared to non-anxious 

participants.  For instance, Hermans, Vansteenwegen, & Eelen (1999) found that 

spider fearful individuals looked more at spiders than at flower stimuli at the 

beginning of a stimulus presentation, but subsequently shifted their attention away 

from spider stimuli at longer durations.  Rohner (2002)  found that both high and 

low anxious participants viewed angry faces more than happy faces when stimuli 

were presented for durations up to 1000 ms.  However, high trait anxious 

individuals averted their gaze more from angry face stimuli when stimuli were 

presented for longer durations (2000 – 3000 ms).  Similarly, Mogg et al. (2004) found 

that participants with high levels of blood injury fear showed avoidance of high 

threat scenes at longer exposure durations.   Eye-tracking studies also provide 

evidence that high anxious show avoidance of threatening stimuli as indicated by 

shorter gaze durations at threatening stimuli during longer stimulus presentation 

durations (Calvo & Avero, 2005; Rinck & Becker, 2006). 
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3.2.3 Attention maintenance (AM) hypothesis 

According to the attention maintenance (AM) hypothesis, anxious 

individuals do not differ in terms of how fast they are to initially orient their 

attention to threat. However once anxious individuals attend to threatening stimuli 

they are slower to disengage from the threat in comparison to non-anxious 

individuals.  This is also known as the delayed disengagement hypothesis.  

Evidence for attention maintenance was reported by Fox, Russo, Bowles, & Dutton 

(2001) who used a modified version of Posner’s exogenous cueing task (Posner, 

1980) to assess whether high anxious individuals were faster to orient towards 

threat or whether they were slower to disengage from threat.  Fox et al. (2001) 

manipulated the valence of the cue, introducing positive, threat and non-

threatening words and faces as the visual cues.  This allowed for the investigation of 

differences in orienting of attention as a function of the valence of the cue presented 

(See Chap 2, Fig. 2.5).   

Fox et al (2001) found that individuals tended to take longer to respond to an 

invalidly cued target following a threat related cue in comparison to a neutral or 

positive cue.  In addition, state anxious participants took longer to respond to an 

invalidly cued target following a threatening face in comparison to a happy or 

neutral face, and took longer to name a peripheral target after fixating on a 

threatening as opposed to a non-threatening word.  These findings are generally 

taken as evidence that threat related stimuli influence the disengage component of 

attention.  Further studies have replicated the finding that non-clinical high anxious 

individuals take longer to disengage from threatening stimuli compared with low 

anxious individuals (Amir, Elias, Klumpp, & Przeworski, 2003; Fox, Russo, & 

Dutton, 2002; Georgiou et al., 2005; Salemink, van den Hout, & Kindt, 2007).  

In another study using the exogenous cueing paradigm,  Koster, Crombez, 

Verschuere, Van Damme, & Wiersema (2006) examined the effect of neutral, mildly 

threatening and highly threatening picture cues on high versus low anxious 

individuals.  In line with previous studies, Koster et al. showed that high trait 

anxious individuals were slower to disengage from highly threatening pictures than 

were low anxious individuals.  However, unlike Fox et al. (2001),  they also found 

that high anxious participants were faster to shift their attention to highly 
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threatening pictures compared with low anxious participants.  Koster et al. suggest 

that evidence for enhanced engagement or attentional capture by threatening 

pictures in their study might be due to methodological differences – the engagement 

effect might be more prevalent following the presentation of highly threatening 

images for very short durations (100 ms) as opposed to less threatening images (e.g. 

schematic angry faces) presented for longer durations.  Koster et al. also found 

evidence of avoidance of high threat stimuli on stimulus presentations of 200 ms 

and 500 ms (but not 100 ms), indicative of changes in attentional processing over 

time.  Thus, Koster et al’s findings provide some support for both the vigilance-

avoidance hypothesis and the attention maintenance hypothesis.  Their study 

provides evidence for:  (i) delayed disengagement from threatening information at 

stimulus presentations of 100 ms, (ii) enhanced engagement for threat related 

information in high anxious participants and (iii) facilitated avoidance at longer 

stimulus presentation. 

There is still much debate around the exact nature of the relationship 

between anxiety and attention.  Although evidence for the delayed disengagement 

hypothesis has been found in several studies and seems to be broadly accepted, 

studies which directly or indirectly support the view that anxious individuals orient 

more rapidly to threat than do low anxious individuals remain prevalent.  Indeed, 

methodological differences, such as differences in the threat level of threatening 

stimuli, different presentation durations of a valenced cue or differences in the 

stimulus onset asynchrony (SOA) between the cue and target mean that the results 

using diverse studies can be difficult to compare. 

More recently, Mogg et al. (2008) have re-examined evidence for delayed 

disengagement based on the exogenous cuing paradigm.  They proposed that 

differences in RTs to detect a target following a threatening or neutral cue could also 

stem from a slowing effect of the threatening stimulus on RT, as well as effects of 

attention allocation.  Specifically, these researchers suggest that the presentation of a 

threatening cue (e.g. angry face) slows response times to the target irrespective of 

any delayed disengagement effects.  In a task where participants were presented 

with a neutral or angry face cue followed by a target in the exact same location as 

the cue (i.e. no disengagement of attention required), reaction times were slower 

following the angry face compared with the neutral face cue in high anxious 
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individuals.  Mogg et al. suggest that this slowing effect of threat related cues in 

high anxious individuals may be due to the effects of the behavioural inhibition 

system (BIS) (Gray, 1982) which is activated by novel or threat related stimuli.  Once 

activated, the BIS interrupts attentional responses and triggers increased arousal 

and vigilance which in turn facilitates responding to possible threat.  This 

interruption of behavioural processing could be the cause of slowed RTs in high 

anxious individuals following the threatening cues.  In short, the modified 

exogenous cueing paradigm as it is often used in emotions research (i.e. with 

valenced cues) is useful in examining attentional biases for threat, however, it does 

not provide separate measures of attentional shift and disengagement processes and 

further evidence is required to determine whether the vigilance-avoidance or 

attention maintenance hypotheses best account for attentional biases in anxiety. 

Eye-tracking studies examining attentional biases over time have brought a 

new angle to the discussion.  In an eye-tracking study, Calvo and Avero (2005) 

examined the time course of attentional biases in viewing emotional scenes.  High 

anxiety was associated with preferential attention towards both positive and 

negative emotional scenes during initial orienting (assessed by a higher probability 

of a first fixation on an emotional image in comparison to a neutral image when 

image pairs were presented).  This provides partial support for the vigilance-

avoidance hypothesis.  Furthermore, high anxious participants showed longer dwell 

time on both positive and harm images within the first 500 ms of viewing – offering 

some support for the attention maintenance hypothesis in relation to harm stimuli. 

But, high anxious individuals showed greater avoidance of harm related images at 

longer viewing durations (between 500 and 1000 ms), indicative of a vigilance-

avoidance type response.   

In a recent discussion of the theories and methods used to assess the 

influence of anxiety on different aspects of attention, Weierich et al. (2007) suggest 

that the vigilance-avoidance hypothesis and the delayed disengagement hypothesis 

are not incompatible;  rather the attentional mechanisms considered by both 

hypotheses apply to attentional processing on different times scales and under 

different stimulus conditions.  According to Weierich et al., studies based on the VA 

hypothesis are primarily concerned with attentional biases that occur in context of 

stimulus competition, operate over longer time frames and are associated with overt 
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behaviour.  In contrast, AM studies are concerned with rapid shifts of attention to 

and away from specific targets.    

Taken together, evidence suggests that anxiety is associated with rapid 

initial orienting to emotional stimuli, followed by delayed disengagement from 

threatening stimuli during short times frames, and avoidance type responses over 

longer time frames.  However, further research is required to investigate how 

attentional processing in anxiety varies over time.  Eye-tracking methodologies will 

be particularly useful in generating new insights into this question. 

 

3.2.4 Attention Control Theory (ACT) 

Eysenck, Derakshan, Santos, & Calvo (2007) have proposed the Attention 

Control Theory (ACT) to explain attentional processing in anxiety.  According to the 

ACT, anxiety impairs the functioning of the top down, goal directed attentional 

system and increases the influence of the bottom-up stimulus driven system.  In 

addition, reflecting previous findings on orienting of attention in anxiety, anxiety is 

thought to increase attention to threat related stimuli.   Eysenck et al. (2007) have 

outlined six hypotheses that describe the key proposals of the ACT: 

 

(i) Anxiety is thought to have a greater influence on the efficiency as opposed to 

the effectiveness of attentional systems.  Effectiveness relates to the quality 

of task performance and is often accessed by accuracy.  In contrast, 

efficiency, which is assessed by reaction times,  is concerned with the 

relationship between effectiveness and the resources spent on task 

performance – efficiency decreases as  more resources are used in achieving 

a given  performance level. 

(ii) The extent to which anxiety impairs task performance increases as demands 

on the central executive increase; thus, the negative effect of anxiety on 

performance should be greater as task complexity increases.   

(iii) Anxiety impairs attentional control by increasing the influence of the 

stimulus driven attentional system.  According to this hypothesis, anxiety 

changes the balance between top down and bottom up attentional 

processing, increasing the impact of the latter.   
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(iv) Anxiety impairs the efficiency (and sometimes the effectiveness) of task 

performance when the task involves the inhibition function of the central 

executive.  Inhibition encompasses both prepotent response inhibition and 

resistance to distracter interference (Miyake et al., 2000).  According to the 

ACT, anxiety loosens inhibitory control on incorrect, prepotent or dominant 

responses and increases attention to task irrelevant stimuli (thus increasing 

distractibility).   

(v) Anxiety impairs task shifting i.e. shifting attention between multiple tasks or 

mental sets.  Based on the idea that anxiety impairs top down attentional 

control, anxiety should also impair task shifting, which also involves 

attentional control.   

(vi) In stressful situations anxiety impairs the efficient processing on tasks that 

involve updating (e.g. updating of working memory representations).  

Updating involves the transient storage of up to date information. 

 
Evidence in support of the ACT is drawn from the studies based on the 

emotional Stroop, the dot probe paradigm, the exogenous cueing task as well dual-

task studies.  The ACT is a broad ranging theory compared with the vigilance-

avoidance or delayed disengagement hypotheses.  Whereas these hypotheses 

specifically focus on attentional orienting, the ACT considers anxiety more broadly, 

specifically examining the effect of anxiety on attention in relation to three central 

executive processes – inhibition, shifting and updating.  Thus, the ACT is concerned 

with attentional resource allocation issues more explicitly than are the other 

hypotheses.  According to the ACT, anxiety may not influence the efficiency of task 

performance on simple tasks, as additional attentional resources can be mobilised to 

perform the task as desired.  However the effect of anxiety on the performance of 

more complex tasks should be more obvious to detect.   

The ACT specifies which central executive functions (i.e. inhibition and 

shifting) are thought to be most influenced by anxiety.  The theory proposes that 

anxiety impairs the functioning of inhibition and shifting which in turn increases 

the influence of the bottom up attentional system.  Support for this comes from 

findings which show increased distractibility in anxious individuals (Alting & 
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Markham, 1993).  Further research is required to assess the validity of these 

hypotheses.   

 

3.2.5 Depression and attention 

Fewer studies have been carried out on depression and attention than 

anxiety and attention.  Some researchers have proposed that depression is 

associated with memory biases – typically biases for dysphoric memories, whereas 

anxiety is associated with attentional biases for threat (Fox et al., 2001; Gotlib, 

Krasnoperova, Yue, & Joormann, 2004b; Power & Dalgleish, 2008).  Indeed, mood 

congruent memory biases are fairly well established in depression (Gotlib & 

Krasnoperova, 1998), but not in anxiety disorders, whereas attentional biases are 

more established in anxiety.  This fits with the notion that the distinct emotions 

underlying these disorders have different functions.  Sadness, which is a central 

characteristic of depression, is associated with withdrawal, recuperation and 

reprioritisation of goals (Frijda, 1986; Izard, 1991).  In contrast, fear, which is central 

in anxiety, enables the organism to rapidly detect and respond to danger (LeDoux, 

1996).  However, even if depression is associated more with memory biases than 

attentional biases; there may still be a role for attention, in particular selective 

attention, in the prioritisation of mood congruent negative memories over positive 

memories.  

Evidence for attentional biases in depression is mixed.  Joorman and Gotlib  

(2007) have reported attentional biases for sad faces (as opposed to neutral or 

positive faces) in depressed and previously depressed individuals.  They also found 

that depressed individuals recognised sad face expressions more readily than angry 

face expressions in comparison to a control group and a social phobic group, 

suggesting biases for sadness related stimuli in depression (Joormann & Gotlib, 

2006).  However, other studies have failed to find evidence for attentional biases for 

negatively valenced stimuli in depression (e.g. Karparova, Kersting, & Suslow, 2005; 

Mogg et al., 1993).  For instance, Karparova et al. (2005) used the face-in-the-crowd 

task to examine attentional disengagement from emotional faces in depressed 

individuals.  Both depressed and non-depressed participants were faster to detect 

an angry face in the crowd than a happy face in a crowd of faces.  However, there 
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was no evidence that depressed participants were slower to identify a face in a 

crowd of negative faces in comparison to positive faces. However, these authors 

used schematic faces which differed very little from one another (upturned or 

downturned mouths distinguished positive and negative faces).  Additionally their 

face-in-the crowd stimuli were presented for 800 ms.   Use of more natural negative 

face stimuli (e.g. photographs) presented for 1000 ms or more may have resulted in 

differences (e.g. Gotlib et al., 2004b).  

There is growing evidence for attentional biases for threatening stimuli in 

depression when the negative information is presented at relatively longer 

presentation times (e.g. 1000 ms) (Bradley et al., 1997; Gotlib et al., 2004a; Gotlib et 

al., 2004b; Koster et al., 2005).  For instance,  Koster et al. (2005) used a  modified 

exogenous cueing task to examine attentional biases for negative stimuli in 

dysphoric and non-dysphoric individuals at different cue presentation times.  

Dysphoric individuals showed maintained attention for negative word cues at 

longer stimulus presentations (1500 ms) but not when the negative word cues were 

presented for shorter durations (250 ms and 500 ms).  This suggests that mood 

congruent biases associated with depression might occur at later stages of 

attentional processing. 

 Research suggests that attentional biases in depression are centred on mood 

congruent sad stimuli (Gotlib et al., 2004b).  However, Leyman, De Raedt, Schacht 

and Koster (2007) found that individuals with Major Depressive Disorder (MDD) 

showed maintained attention for angry faces when angry face cues were presented 

for 1000 ms.  This suggests that attentional biases in depression might occur for 

negative information more generally, rather than sadness related stimuli 

specifically.  The Leyman et al. study only examined angry and neutral faces; it 

would be useful to replicate their findings in experiments which include both sad 

and angry stimuli versus neutral cues.   

There is some evidence to suggest that depressed individuals are less 

efficient in inhibiting mood congruent material than are control participants.  In a 

recent review of the literature in this area  (Joormann, Yoon, & Zetsche, 2007) , 

Joorman et al. suggested that impaired inhibition in depression may prolong the 

processing of irrelevant negative information, thus hindering the regulation of 

negative mood, setting the stage for rumination and negative affective states. 
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Taken together these findings suggest that depression is associated with 

attentional biases for negatively valenced information, and that in depression, 

individuals are less able to inhibit mood congruent information, which prolongs 

negative moods.    

 
 

3.3 Emotion and Attentional Processing of Neutral 

Information 

 The previously discussed areas of research focus on attention during the 

processing of emotionally valenced information.  However, an important and 

under-investigated are of research is concerned with whether the experience of 

different emotions is associated with distinct patterns of attentional processing, 

irrespective of the valence of the information that is being attended.  As discussed 

briefly in Chapter 1, emotions are widely considered to be responses to significant 

events that consist of several components.  While emotion researchers have focused 

on physiological, neuropsychological and behavioural responses that characterise 

distinct emotions, there is less research on the attentional processes that might 

characterise discrete emotions.  This section outlines some studies that can be 

considered in this category.  The literature will be expanded on in the Introduction 

sections of each of the experimental chapters (Chapters 7 – 11). 

One theory that has received attention is the broaden-and-build theory of 

positive emotions (Fredrickson, 1998, 2001, 2002, 2003b).  This theory posits a direct 

link between emotional experience and attention.  Fredrickson proposes that 

positive emotions broaden scope of attention and increase the array of thoughts and 

actions that come to mind in a given situation.  In contrast, negative emotions are 

proposed to have the opposite effect – narrowing scope of attention and prioritising 

local over global visual processing.   By broadening attention, the experience of 

positive emotion is thought to facilitate creativity, divergent thinking and complex 

problem solving.  Isen and colleagues found some support for a link between 

positive mood states and these cognitive processes (Isen, 1999, 2000, 2004).  The 

broaden-and-build theory proposes that attentional broadening occurring during 
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positive emotional states mediates the relationship between affect and better 

performance on higher level cognitive tasks.   

Evidence that emotions influence scope of attention is primarily drawn from 

studies which have used the global-local visual processing task to assess scope or 

breadth of attention (Kimchi & Palmer, 1982; Navon, 1977).  One version of this task 

involves asking participants to judge which of two comparison figures is most 

similar to a target.  Choosing a match based on the overall (global) form is thought 

to reflect a global processing bias, whereas choosing a match based on the 

component parts reflects a local bias.  More global than local choices (global visual 

processing bias) are interpreted as reflecting a broadened scope of attention (See 

Chapter 2, Fig. 2.1). Evidence for a relationship between emotion and visual 

processing biases come from studies of trait anxiety, optimism, pessimism and 

visual processing biases.  In a study of college students, trait anxiety was associated 

with a local visual processing bias whereas happiness and optimism was associated 

with a global visual processing bias (Basso, Schefft, Ris, & Dember, 1996).  Similarly,  

Derryberry and  Reed (1998) reported an association between trait anxiety and 

attentional focusing.  In their study which also used the global-local paradigm,  high 

trait anxious individuals were faster in processing local targets compared with low 

trait anxious individuals on negative trials (i.e. in trials where participants would 

lose points if they did not answer fast enough).  This suggests a relationship 

between trait anxiety and increased attentional focusing in stressful situations.    

In two experimental studies examining mood and global versus local visual 

processing, positive and negative moods were elicited by asking participants to 

write about a recent life event that made them feel “happy and positive” or “sad 

and negative” (Gasper, 2004; Gasper & Clore, 2002).  In both studies, individuals in 

the sad mood condition were less likely than those in happy moods to classify 

figures on the basis of a global configuration, indicating a local visual processing 

bias in sad moods.  As participants reported no difference in how they felt in the 

positive and neutral conditions, the positive mood manipulation was unsuccessful.  

Consequently, it was not possible to test the hypothesis that positive moods result in 

a global visual processing, indicating a broadened scope of attention.   

Direct evidence for the broadening effect associated with positive emotions 

was reported by Fredrickson and Branigan (2005).   Participants watched a film clip 
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designed to elicit amusement, contentment/serenity, neutrality, anger or anxiety.  

Scope of attention was assessed using pencil and paper version of an 8-item global-

local visual processing task which required participants to judge which of two 

comparison figures were more similar to a target (The example shown in Chapter 2, 

Fig. 2.1 is one of the triads used in their study).  Compared to the neutral clip, the 

amusement clip resulted in a significantly larger global bias.  The effect of the 

contentment/serenity clip was not statistically significant but did show a trend 

towards larger global biases compared to the neutral clip.  

Supporting evidence for the broadening effect of positive emotion has also 

been reported by Wadlinger and  Isaacowitz (2006) who used eye-tracking 

techniques to assess breadth of attention.  Participants assigned to a positive mood 

condition received a small bag of chocolates as a token of appreciation before they 

performed the task (positive mood manipulation).  Those assigned to the neutral 

condition did not receive any gift before the task.  During the task, participants were 

presented with three images – one central image and two peripherally presented 

images.  Breadth of attention was assessed by measuring the percentage viewing 

time to peripheral images and the number of saccades that participants made per 

slide.  In support of the broaden-and-build theory, participants in the positive mood 

condition fixated more on the peripheral images than did those in the neutral 

condition (Fig. 3.1) – however, this was only the case when peripheral images were 

highly positive.  When peripheral images were neutral, there was no evidence of 

increased fixations on the peripheral images for those in the positive condition.  

Participants in a positive mood also made more saccades on slides containing 

neutral and positively valenced images – a finding which was also interpreted in 

terms of support for the broadening effect of positive emotion.  However, in a 

follow-up study in which the arousal ratings of the images used in each slide were 

controlled, there was no effect of positive mood on the number of saccades, though 

the effect of positive mood on fixation duration for highly positively valenced 

peripheral images was replicated.   These findings provide some support for 

broadening hypothesis, but only in context of highly positive stimuli.  
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Fig. 3.1:  Fixation patterns of an individual experiencing no mood induction (top) and 

a participant in the positive mood condition (bottom) (Wadlinger & Isaacowitz, 2006). 

 

 

 



 

 65 

In contrast to the view that positive emotions broaden attention, another line 

of research suggests that positive affective states (as oppose to specific emotions) 

increase cognitive flexibility.  These findings suggest that positive emotions should 

broaden or narrow scope of attention as required by the situation.  For instance,  

Baumann & Kuhl (2005) manipulated participants moods by presenting them with 

positive, neutral and negative prime words in advance of each trial during the 

global-local task.  These words were generated by participants themselves, and 

were associated with “happy and positive” life events, or “sad and negative” life 

events.  The neutral word primes were chosen by participants from a neutral 

wordlist.   Following the positive prime words, participants were faster to identify 

both global and local targets compared with their performance following neutral 

and negative primes – not just global targets as would be hypothesized by the 

broaden-and-build theory.  These results suggest that positive affect enhances 

flexibility in attentional processing.  Further evidence for flexibility in attention in 

positive affective states was reported by Friedman and Forster (2005) who showed 

that approach-related affective states such as happiness enhance an individual’s 

ability to shift focus of attention in response to task demands.   Similarly, Dreisbach 

and Goschke  (2004)  found that mild positive affect increased cognitive flexibility 

based on a cognitive set-switching paradigm.   

As outlined in Chapter 2, a shortcoming of the global-local task is that it is 

unclear exactly what attentional processes are being carried out when an individual 

classifies a figure in terms of its overall configuration (global processing bias) or its 

local components (local processing bias).  While the idea that positive emotions 

increase breadth of attention is intuitively appealing, the broaden-and-build theory 

says nothing about the attentional processes that might be involved with such 

broadening or narrowing.  For instance, broadening might indicate increases in 

covert and/or overt orienting of attention, the loosening of selective attention or 

faster engagement and/or disengagement from different parts an image.  

Paradigms that assess distinct attentional processes are thus particularly useful in 

disentangling alternative potential explanations. 

One such task is the flanker task (Eriksen & Eriksen, 1974).  In a common 

version of the flanker task participants are presented with the array of letters and 

asked to identify the central letter as quickly as possible (e.g. Chapter 2, Fig. 2.6).  
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Rowe, Hirsh & Anderson (2007) used the flanker task to examine the effect of 

positive and negative affective states on selective attention.  A music mood 

induction was used to elicit happy and sad moods and participants performed a 

reading task in the neutral condition.  The results showed that in the happy mood 

condition participants experienced greater interference from the irrelevant flankers 

suggesting an increase in breadth of attention in positive mood states.  However, 

there was no evidence of attentional narrowing in the sad compared with the 

neutral condition.  Based on their results, Rowe et al. proposed that positive affect 

loosens the reins on inhibitory control which broadens attentional focus in positive 

mood states.  Interestingly, this explanation is also proposed by Eysenck et al. (2007) 

to explain the effects of anxiety on attentional control in context of their attentional 

control theory (ACT). Thus, the same type of explanation – loosening of inhibitory 

control – is used to describe very different affective processes.  Further 

investigations are required to determine whether inhibition is impaired in positive 

emotions as suggested by the broaden-and-build theory, as well as Rowe et al. 

(2007) and whether impaired inhibition might also characterise anxiety-related as 

predicted by the attentional control theory. 

Evidence that positive affect increases scope of attention or impairs selective 

attention can be drawn from a recent review of the literature based on the effect of 

positive and negative mood on executive functions (Mitchell & Phillips, 2007).  

Mitchell and Phillips conclude that positive mood tends to impair executive 

function while mild manipulations of negative mood have very little effect on 

cognitive control processes.  They propose that the lack of findings relating to 

negative mood and executive function may be due to the tendency for negative 

mood manipulations to be fairly mild in nature.  Although the  Mitchell and Phillips 

(2007) review is concerned with executive functions in general (including  planning, 

decision making, working memory, problem solving as well as attention); some of 

the studies are relevant to attentional control such as inhibition and task switching.  

For instance, in a study using a modified version of the Stroop task to examine 

inhibition, Phillips, Bull, Adams and Fraser  (2002) found that participants in a 

positive mood showed a trend towards greater inhibition costs when performing 

the alternating Stroop task.   Phillips et al. suggested that happy mood might impair 
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attentional switching and inhibition because attention is distracted by thoughts 

aimed at maintaining positive mood.   

Recently, the possibility that individual differences in attentional processing 

abilities might influence emotional responsiveness or the regulation of emotion has 

been proposed.  Posner and  Rothbart  (2007) suggest that individual differences in  

attentional processing may play an important role in moderating the activity of the 

emotional systems.  Some evidence for this can be drawn from Compton (2000) who 

examined the relationship between attentional orienting and mood.  Participants 

performed a covert orienting task (Posner, Walker, Friedrich, & Rafal, 1984) and 

subsequently watched a distressing film clip.  A relationship was found between 

individual differences in disengagement and negative emotional responses such 

that slower disengagement resulted in higher levels of negative affect during the 

subsequent film viewing.  However, these findings have not been replicated and 

further studies are required to examine the relationship between different 

components of attentional orienting (e.g. engagement, shift and disengagement) and 

emotional states. 

 
 

3.4 Conclusion 

The majority of research on emotion and attention has been concerned with 

attention to emotionally salient information or attentional biases for valenced 

information in anxiety or depression.  Fewer studies have been conducted on 

whether emotional experience influences attention, irrespective of stimulus valence.  

From a component view of emotions, it is hypothesized that certain basic emotions 

will be characterised by distinct patterns of attention processing.  From this 

perspective, attentional processing during a fear experience is hypothesized to differ 

from attentional processing during sadness or happiness.  Studies that examine the 

effect of discrete emotions on attention, as opposed to mood states or positive and 

negative affect in general, are important in assessing whether or not a relationship 

exists between attentional processing and discrete emotional states. 

In terms of those studies which have examined the effect of emotion on 

attention to neutrally valenced information, a number of  problems can be 
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identified:  i) many studies examine mood states as opposed to distinct emotions  

(e.g. Baumann & Kuhl, 2005; Gasper, 2004; Gasper & Clore, 2002),  and it is 

uncertain whether or not these findings would be replicated had discrete positive 

and emotional states been induced in participants. (ii) In contrast to research on 

attention to emotionally salient information, or attentional biases in anxiety and 

depression, much of the research that examines the effect of discrete emotions on 

attention is more recent and needs to be replicated.  For instance, direct evidence for 

the broaden-and-build theory of positive emotions was only published in 2005.  

Subsequent studies which have tested the broadening hypothesis have only found 

partial support for the broaden-and-build theory (Gable & Harmon-Jones, 2008; 

Rowe et al., 2007; Wadlinger & Isaacowitz, 2006); whereas others studies have failed 

to find evidence for broadening in context of positive emotions  (Finucane & 

Whiteman, 2007; Walton, 2003).  Thus, further research is required.  (iii)  The more 

general findings relating to the influence of affective states on attentional processing 

are inconclusive.  For instance, some findings suggest that positive affect impair 

executive functions (Mitchell & Phillips, 2007) while others suggest that positive 

emotion increases cognitive flexibility (Baumann & Kuhl, 2005), or facilitates 

cognitive processing more generally (Isen, 2004).  Further research is required to 

compare evidence for these alternative positions. iv)  Another shortcoming of 

studies that have been conducted on emotion and attention to neutral information, 

concerns the variation in the types of paradigms used to assess various components 

of attention, e.g. global-local task, Stroop task, flanker tasks as well as  visual search 

tasks.  Although such tasks are useful in identifying the effect of emotion on isolated 

attentional processes, it is often unclear how the attentional processes associated 

with different tasks are related to attention as a whole (e.g. broadening, engaging, 

shifting, covert and overt orienting, selectivity).   

More recently, attention has been described as a system which contains at 

least three sub-systems.  Thus, a useful approach would be to investigate whether or 

not discrete emotions are differentially associated with these processes.  With this in 

mind, the next chapter introduces a relatively new paradigm which can be used to 

assess the efficiency of three distinct attentional networks. 
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4.0 Chapter Overview 

In this chapter, the attention network approach is introduced.  According to 

the attention network approach, attention can be viewed in terms of three distinct 

attention networks – alerting, orienting and executive attention.   The attention 

network test (ANT) has been developed to assess the efficiency of each of these 

networks and offers a useful starting point for the examination of the relationship 

between discrete emotions and specific attentional processes.  The ANT 

incorporates the strengths of more well-established attention tasks, and offers 

additional advantages as it can be used to examine the efficiency of three attention 

networks in one test session.    

 
 

4.1 The Attention Network Approach 

A consensus is now emerging that attention is best viewed in terms of at least 

three functionally and neuro-anatomically distinct networks. These are known as 

alerting, orienting and executive attention (Posner & Petersen, 1990; Posner & 

Rothbart, 2007; Raz & Buhle, 2006).  The attention network approach is particularly 

useful in the study of attentional processes as it clearly delineates three types of 

attention which are thought to be independent.  Furthermore, the attention network 

test (ANT) has been developed to assess the efficiency of each of these attention 

networks (Fan, McCandliss, Sommer, Raz, & Posner, 2002).  Since its inception, the 

ANT has been used to examine attentional processing in a variety of research areas 

including depression, schizophrenia, recovery from mild brain injury, driving 

ability and the development attentional networks in children (Fossella et al., 2008; 

Halterman et al., 2006; Mezzacappa, 2004; Murphy & Alexopoulos, 2006; Redick & 

Engle, 2006; Rueda et al., 2004; Wang et al., 2005; Weaver, Bédard, McAuliffe, & 

Parkkari, 2009).   



 

 70 

4.1.1 Alerting 

Alerting functions to maintain vigilance or arousal during task performance 

(Halterman et al., 2006) and is a foundational form of attention on which other 

forms such as selective attention rest (Raz & Buhle, 2006; Sturm & Willmes, 2001).  

Two types of alerting can be distinguished – phasic alerting and intrinsic alerting 

(Sturm & Willmes, 2001).  Phasic alerting reflects task related preparedness and 

describes the rapid mobilization of attentional resources to process an expected 

stimulus (Nebes & Brady, 1993).  It is generally assessed by comparing reaction 

times to a target following a cue with reaction times to the same target when no cue 

is presented.  In contrast, intrinsic alertness reflects general non-specific excitability 

and is associated with fatigue and circadian rhythm (Raz & Buhle, 2006).  It is 

assessed by simple reaction time measures to an uncued target.  Although both are 

related, the attentional network approach is concerned primarily with phasic 

alerting1.  Because of this, in the present thesis, the general term alerting actually 

refers to phasic alerting.   Phasic alerting is associated with thalamic activation as 

well as activation of the frontal and parietal regions of the cortex (Fan, McCandliss, 

Fosella, Flombaum, & Posner, 2005; Sturm & Willmes, 2001) (Fig. 4.1).    

 

4.1.2 Orienting 

Orienting is the ability to select specific information from among multiple 

sensory stimuli (Raz & Buhle, 2006).  An important function of orienting is to 

provide a relative enhancement of a target at a particular location in comparison to 

other targets presented in the visual field.  Orienting can be overt or covert and 

exogenous or endogenous.  Overt orienting involves eye movements whereas covert 

orienting occurs without eye-movements.  Exogenous orienting occurs when 

attention is automatically captured by external cues, such as when the flash of a cue 

automatically draws attention to a particular location (as in the exogenous cueing 

paradigm described in Chapter 2, Section 2.1.4).  In contrast, endogenous or 

voluntary orienting occurs when a cue such as an arrow points to a target location 

                                                 
1 The superordinate term ‘alerting’ is used here to represent phasic alerting in line with the 
attentional network approach. 
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and the participant strategically orients their attention to the location signalled by 

the arrow (Styles, 2006).  The attention network test specifically examines covert 

exogenous orienting of attention.  Orienting is associated with posterior brain areas 

including the superior parietal lobes, the temporal parietal junction and the frontal 

eye fields (Fig. 4.1)  (Posner & Rothbart, 2007).   

  

4.1.3 Executive attention 

Executive attention (sometimes referred to as selective and focused 

attention) reflects the individual’s capacity to select relevant information and to 

ignore irrelevant information in order to facilitate the production of appropriate 

responses (Raz & Buhle, 2006).  It is assessed by tasks that involve conflict, such as 

various versions of the Stroop and flanker tasks.  In these types of tasks, the 

efficiency of executive attention is measured by examining the costs associated with 

inhibiting irrelevant information while responding to a target.  Executive attention 

is associated with activation of the anterior cingulate cortex and the lateral 

prefrontal cortex (Posner & Rothbart, 2007). 

 

 

Fig. 4.1:  Anatomy of the three attention networks: alerting, orienting and executive 

attention (from Posner & Rothbart, 2007, p.6). 
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4.2 The Attention Network Test (ANT) 

The Attention Network Test (ANT) has been developed to test the efficiency 

of alerting, orienting and executive attention in a single test session (Fan et al., 2002) 

(Fig. 4.2).  It is based on a combination of the exogenous cue and flanker paradigms.  

In the ANT, participants are presented with a target arrow flanked by two arrows 

on either side (See Fig. 4.2, panel B) and are required to identify the direction of the 

centrally located arrow.  Additionally, each trial is associated with one of four 

possible cues (no cue, double cue, centre cue, spatial cue) as shown in Fig. 4.2, panel 

A. 

Similar to flanker tasks, the ANT provides a measure of selective or 

executive attention costs by comparing RTs on congruent trials compared with 

incongruent trials. Additionally, measures of the efficiency of alerting and orienting 

can be calculated by comparing RTs to targets in diverse cue conditions.  The 

alerting score is calculated by comparing RTs on uncued trials with RTs in cued 

trials; while the orienting score is determined by comparing RTs to a target 

following a centre cue compared with a spatial cue (Table 4.1).   

 

 

Table 4.1:  Calculation of alerting, orienting and executive attention scores 

 Attentional 

Network 

Calculation Network  

score (ms)
a
 

Alerting score 

(benefit) 

RT no cue trials (baseline) – RT double cue 

trials 

M =  47 

SD =  18 

Orienting score 

(benefit) 

RT centre cue trials (baseline) – RT spatial 

cue trials.   

M =  51 

SD = 21 

Executive 

attention score 

(cost) 

RT incongruent trials – RT congruent trials 

(baseline). 

M =  84 

SD = 25 

       aDecimal places are not provided in the 2002 paper 
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Fig. 4.2: Attention Network Test experimental procedure  

(Fan et al., 2002)  

 

(a) The four cue conditions, (b) The six target stimuli used in the original ANT, (c) 

An example of a spatially cued incongruent trial. 
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4.2.1 ANT procedure 

The ANT is performed individually by participants.  In the original version 

of the task (Fan et al., 2002), participants perform 288 trials in total which are 

presented on a 17 inch monitor using E-PRIME.  The 288 trials are distributed over 

three blocks, consisting of 96 trials per block.  Participants are allowed to take a 

break between each block.  In total, the task takes approx. 20-25 minutes to perform.   

The 288 trials consist of 96 congruent flanker targets, 96 incongruent flanker 

targets and 96 neutral flanker targets (Fig. 4.2, panel B).  In addition, each target is 

preceded by no cue (72 trials), a double cue (72 trials), a centre cue (72 trials) or a 

spatial cue (72 trials) (Fig. 4.2, panel A).  Each cue and flanker type appears in a 

random order.  Although the original version of the task also includes 96 neutral 

flanker targets, these targets are not used to calculate any of the attention network 

scores, and have been removed from more recent shorter versions of the task (e.g. 

Fan et al., 2005). 

  On each trial, participants are presented with a target arrow, which is 

flanked by two arrows on each side and are required to identify the direction of the 

central arrow, as quickly and accurately as possible.  A response is made by 

pressing a mouse button or a key on the keyboard.  Each trial consists of:  i) fixation 

cross (+) (for a variable duration between 400 and 1600 ms), (ii) cue condition (100 

ms) (no cue, double cue, centre cue or spatial cue), (iii) second fixation cross (+) (400 

ms), (iv) target and flanker arrows (up to 1700 ms), (vi) post target fixation (variable 

depending on the participants RT and the duration of the fixation cross). (Fig. 4.2, 

panel C). 

 

4.2.2 Calculation of alerting scores 

Alerting is calculated by subtracting mean reaction times to the target 

following the double cue from RT’s to the target when it is not preceded by a cue 

(i.e. the no cue condition).  The alerting score reflects the individual’s ability to 

mobilise their attentional resources in response to an impending target stimulus. 

The target always appear above or below a central fixation point (e.g. Fig. 4.2, panel 

C).   In the no cue condition, participants are not presented with a warning cue in 
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advance of the target, whereas in the double cue condition, the double cue appears 

for 100 ms and indicates that the target will appear in 500 ms.  In this way, the 

double cue acts as a signal to the participant that the target will appear imminently 

which causes the participant to increase their readiness to respond to the target once 

it appears.  When no warning cues are presented, participants keep their attention 

diffused across the two possible locations where the target is about to appear.  

Higher alerting scores reflect faster responses to a cued target in comparison to a 

baseline and reflect more rapid mobilisation of attention resources in anticipation of 

the impending stimulus.  In Fan et al.’s original study of 40 adult participants, mean 

alerting was 47 ms with a standard deviation of 18 ms.  That is, on average, 

participants were 47 ms faster to respond to a target when it was preceded by a 

double cue, compared to no cue.   

An alternative measure of phasic alerting can be derived by subtracting RTs 

to the target following a centre cue from RTs to an uncued target.  Both the double 

cue and the centre cue are temporal cues and inform participants that the target is 

about to appear, without providing information on where it will appear (cf. the 

spatial cue).  The difference between the centre cue and  the double cue is that in the 

double cue condition the participant’s attention remains diffused across the two 

locations in which the impending target is about to appear, whereas following the 

centre cue attention is focused more in the central area.  Both types of cue are used 

in the literature to assess phasic alerting (Fan et al., 2005; Fan et al., 2002; Sturm & 

Willmes, 2001).   In context of the ANT the advantage of using the centre cue instead 

of the double cue to derive the phasic alerting score is that the number of total trials 

required and consequently task duration is reduced.   Reduced task durations are 

desirable in many studies such as those that involve affect manipulations as well as 

those that require the use of expensive equipment or that may be uncomfortable for 

participants, e.g. fMRI studies.  For instance, to reduce overall task duration in an 

fMRI study, Fan et al. (2005) used a shortened version of the ANT which used the 

centre cue in place of the double cue to assess phasic alerting.  This shortened 

version of the original task is based on the assumption that there is no significant 

difference in the use of centre cues compared with double cues in the calculation of 

phasic alerting scores (For task details see Fan, 2001).   There is little direct research 

on whether the use of the centre cue in place of the double cue differentially 
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influences phasic alerting scores.  However,  in line with Weaver (2009) it is 

suggested here that any differences are likely to be subtle and unimportant. 

 

4.2.3  Calculation of orienting scores 

The efficiency of the orienting network is calculated by subtracting RTs to 

the target following a spatial cue from RTs to the target following the centre cue.  

Both the centre and spatial cues serve as an alerting cue as they indicate that the 

target is about to appear.  However, only the spatial cue also provides information 

about the location in which the target will appear.  When the spatial cue appears 

participants automatically orient their attention to that location, which is where the 

upcoming target also appears.  

  Trials preceded by a centre cue serve as a baseline.  The orienting score 

reflects the time taken to covertly shift attention from the centrally cued location to 

the spatially cued target location.  Higher orienting scores reflect more rapid covert 

orienting of attention.  Fan et al. (2002) reported that their participants had a mean 

orienting score of 51ms with a standard deviation of 21 ms. 

  

4.2.4 Calculation of executive attention scores 

The efficiency of the executive attention network is calculated by subtracting 

RTs to targets surrounded by congruent arrows (congruent trials) from RT’s to 

targets surrounded by incongruent flankers on incongruent trials.  Higher executive 

attention scores (costs) indicate greater interference from the incongruent flankers 

(in comparison to the baseline).  Lower executive attentional scores reflect less 

interference from incongruent flankers which is also indicative of enhanced 

inhibition of non-target stimuli and more efficient selective attention.  Fan et al. 

(2002) found that participants had a mean executive attention score of 84 ms with a 

standard deviation of 25 ms.  This score reflects the time costs associated with 

inhibiting irrelevant flanker information. 
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4.2.5 Calculation of intrinsic alerting 

As mentioned above, two types of alerting can be distinguished.  The type of 

alerting typically assessed by the ANT is phasic alerting.  In contrast to phasic 

alerting, intrinsic alerting is associated with general non-specific excitability (Fan et 

al., 2005; Raz & Buhle, 2006; Sturm & Willmes, 2001).  Although intrinsic alerting is 

not mentioned as one of the original three networks assessed by the attention 

network test, it is still of interest as a measure of intrinsic alerting can be derived 

from the ANT.  Tasks that have been used to assess intrinsic alertness are simple 

reaction time measures of responses to stimuli that are not preceded by a warning 

cue (Sturm et al., 2004; Sturm & Willmes, 2001).  In the ANT, RTs to uncued targets 

provide a measure of intrinsic alertness.  This is a better measure of general 

wakefulness than is overall RTs, as the overall RT score confounds RTs to both cued 

and uncued targets.  

 

4.2.6 Calculation of attention network scores: Reaction time 

Reaction time data are generally positively skewed – momentary lapses in 

concentration and fatigue often result in relatively long RTs on some trials.  

Similarly, given that the participants needs to respond by pressing a key, there is a 

floor in terms of how fast a participant can physiologically respond to a target.  

Because of this, RT data are not normally distributed.  Various techniques can be 

used to ensure that the data are appropriate for parametric statistical testing.   For 

instance, skewed data can be log transformed to increase normality, outliers can be 

discarded, trimmed means or the median can be used instead of the mean as a 

measure of central tendency.  There are pros and cons associated with each of these 

methods.  Simple transformations can alter skewed distributions so that they are 

more symmetrical, however, they do not deal directly with outliers.  Following a 

transformation the number of outliers can be reduced, but in some cases outliers 

actually increase (Wilcox & Keselman, 2003).  Discarding outliers can also be 

problematic for two reasons.  Firstly, outlier detection methods can fail to identify 

outliers.  Outlier detection rules based on mean and standard deviation scores can 

result in masking.  For example, often observations that are two or three standard 
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deviations above the mean are removed.  For example, in a dataset -  2; 2; 2; 3; ,3; 3; 

4; ,4; 4; 5; 5; 5; 100,000; 100,000 – 100,000 is unusual in comparison to the other 

values.  However, it is not declared an outlier by the method just described. This is 

because outliers inflate both the sample mean and the standard deviations, which 

can cause outliers to be missed (Wilcox & Keselman, 2003).  Secondly, when extreme 

values are discarded, the remaining data are no longer independent under random 

sampling, which is problematic for standard error estimation.  One preferable 

alternative is trimmed means which involves automatically trimming a certain 

proportion of the smallest and largest observations and obtaining a mean value for 

the remaining data.   Another approach is to use the median RT instead of the mean.  

Again, this circumvents potential problems with outliers, though it can reduce 

power under normality or when sampling from relatively light tailed distributions.  

Choosing one particular estimator over another can be difficult: Wilcox and 

Keselman (2003) suggest that flexibility over strict adherence to one approach or 

even one measure of location, as different measures are sensitive to different 

features in the data.  Bearing this in mind, data based on the mean, median, 

trimmed means and mean score plus or minus two SDs are analysed in all the 

experiments outlined in this thesis.  However, in the interest of clarity, only the 

median data are reported in Chapters 7 to 11.  Thus, for each participant, reported 

alerting, orienting and executive attention scores are derived from the median RT 

scores for each participant in each condition. 

 
 

4.3 Network Independence 

Originally, Fan et al. (2002) suggested that each of the three attentional 

networks were independent of one another.  This view is supported by Fan et al. 

(2002) who found no correlations between alerting, orienting and executive 

attention.  However, in the same study, an ANOVA analysis examining potential 

interactions between the experimental factors that influence alerting (presence or 

absence of a cue), orienting (presence or absence of a cue with spatial information) 

and executive attention (congruent versus incongruent flankers) revealed a 

significant interaction between cue and flanker type (Fig. 4.3).  Specifically, when an 
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alerting cue with no spatial information was presented beforehand (e.g. double or 

centre cue), the amount of flanker interference was increased relative to the no cue 

and spatial cue conditions.  Similarly, in a larger sample of 200 adults (Fossella et al., 

2002), a small but significant negative correlation between alerting and executive 

attentions costs was found.  Fan et al. (2005) suggest that the attention networks are 

not independent in all situations, and that when slight changes are made to the 

paradigm additional interactions between the networks have been observed.   

 

 

Fig. 4.3:  Results from Fan et al. (2002)  

 

    (a) Mean RT from correct trials as a function of cue and flanker condition 

 

 

4.4 ANT performance and intelligence  

Previous research has shown an association between RTs and mental ability 

test scores (e.g. Deary, Der, & Ford, 2001; Jensen, 1987; Rijsdijk, Vernon, & 

Boomsma, 1998; Vernon, 1983).   Such findings have implications for paradigms 

which are based on RTs as response times across different conditions may be due to 

individual differences in IQ as opposed to the experimental manipulation.  

However, tasks such as the Attention Network Test use Dondors subtraction 

method (Sternberg, 1969) to determine the approximate time it takes a participant to 

perform a specific cognitive operation.  For example, in the ANT, executive 
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attention costs are calculated by subtracting RTs to congruent targets from RT to 

incongruent targets.  The difference reflects the costs associated with inhibiting the 

incongruent flankers on incongruent trials.  As each score is derived by subtracting 

each participants score for one set of trials (e.g. congruent trials) from their score on 

another set (e.g. incongruent trials), any effects that IQ might have on speed of 

processing are cancelled out.  Phasic alerting and exogenous orienting are calculated 

in a similar fashion, thereby allowing control over the effect that individual 

differences in IQ might have on attentional performance2. 

It remains possible that intelligence is related to distinct forms of attention.   

Findings to date for such a relationship are mixed (Schweizer, Moosbrugger, & 

Goldhammer, 2005).  Studies have shown a relationship between intelligence and 

divided attention (Roberts, Beh, Spilsbury, & Stankov, 1991; Roberts, Beh, & 

Stankov, 1988), sustained attention (Crawford, 1991; Schweizer & Moosbrugger, 

2004; Schweizer, Zimmermann, & Koch, 2000), attentional switching (Stankov, 1988; 

Stankov, Roberts, & Spilsbury, 1994) and focused attention (Arffa, 2007; Schweizer, 

2001; Schweizer & Koch, 2003).   However other studies have not been able to find 

any relationship (e.g. Fogarty & Stankov, 1988; Rockstroh & Schweizer, 2001; 

Rockstroh & Schweizer, 2004).  A thorough investigation of the structure of the 

relationship between attention and intelligence was conducted by Schweizer et al.  

(2005).  In their study participants performed a range of tasks that assess diverse 

forms of attention and completed the two intelligence tests.  The results suggested 

that attentional performance on a range of attention tasks predicted 32% of the 

variance in intelligence.  This finding is consistent with Posner and Rothbart’s (2007) 

suggestion that attention networks support not only the general functions of 

attention common to all people, but also the individual differences in aspects of 

temperament and intelligence.   

To date, two ANT studies have incorporated intelligence measures into their 

design (Adólfsdóttir, Sørensen, & Lundervold, 2008; Cao et al., 2008).  Both studies 

were concerned with attentional network performance in children with ADHD 

compared with a healthy group.  A relationship between intelligence and attention 

                                                 
2 In contrast to phasic alertness, intrinsic alertness is indicated by RTs to uncued targets.  It is not 
calculated using the subtraction method.  Thus, to control for individual differences in intrinsic 
alerting due to intelligence when between-subject designs are used, intelligence measures should be 
incorporated into the study design. 
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network performance was not found in either study.  However, further studies that 

directly address the relationship between intelligence and attentional network 

performance would be useful.    

 

4.5 Use of the ANT in Emotions Research 

The use of the attention network test to understand the effect of emotion on 

attention has many advantages.  Firstly, the test provides measures of the efficiency 

of three distinct networks:  alerting (specifically phasic alerting), orienting 

(specifically exogenous covert orienting) and executive attention (selective 

attention/inhibition).  The attention network approach, in comparison to other 

attention paradigms, is explicit in how each type of attention is defined and is 

assessed and assumes that the three attention networks are independent from one 

another.  In comparison, paradigms such as the Stroop and the dot probe cannot 

clearly distinguish between attentional processes such as orienting and executive 

attention.  For instance, although the Stroop is often used as a measure of cognitive 

control, its use as a measure of selective attention is limited given that both the 

target and non-target stimuli occur in the same location. Therefore, it remains 

uncertain whether the interference effects associated with threat related words are 

due to delayed disengagement from the threatening words, enhanced selective 

attention for threat, or some other process. 

To date, few studies concerned with the relationship between emotion and 

attention have specifically examined alerting attention.  Most research in this area is 

focused on forms of attention that relate to orienting and executive attention.  

Alerting attention has been described as a foundational form of attention on which 

other attentional functions rest (Raz & Buhle, 2006).  Given the paucity of studies on 

emotion and alerting, studies that examine alerting are specifically required.  As the 

ANT provides a measure of alerting, it is a useful task in this context.  

The calculation of the efficiency of each attention network uses baseline 

scores.  For instance, the alerting score is based on RTs to cued targets subtracted 

from RTs for uncued trials (baseline).  Similarly, orienting is based on RTs following 

a spatially cued target from RTs following centrally cued targets (baseline).  The use 
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of a baseline means that the effect of extraneous factors is controlled for.  For 

instance, as Mogg et al. (2008) point out, focusing on the RTs to a target following an 

invalid cue without a baseline comparison as in the Fox et al.  (2001) study, doesn’t 

take into account the possibility that there may be other factors that result in longer 

RTs on the invalidly cued trials.  Indeed, as opposed to the general interpretation 

that threat cues slow disengagement from a threatening cue (e.g. angry face), it 

could be that the threatening cue slows overall RT, which would also result in 

longer RTs following invalid cues.  Subtracting RTs to a spatially cued target from 

RTs to a centrally cued target controls for this possibility. 

 
 

4.6 Modifying the ANT to Incorporate an Emotion 

Manipulation 

In examining the effect of emotion on attention networks, it is important that 

participants experience a target emotion as they are performing the ANT.  With this 

in mind, a modified version of the ANT has been developed in order to elicit and 

maintain an emotional response as the task is being performed.  A summary of how 

emotion is manipulated in each experiment in this thesis is provided in Table 4.2. 

 

4.7 Conclusion 

The attention network approach identifies three functionally and neuro-

anatomically distinct attentional networks – alerting, orienting and executive 

attention.  This approach provides a useful starting point for examining the effect of 

discrete emotions on attention.  The ANT provides a specific score for the efficiency 

of these three attention networks; it is freely available and can be completed within 

a relatively short space of time. 
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Table 4.2:  The modified ANT by experiment 

Experiment Emotion Modified version of ANT 

 

1 

 

Amusement 

 

Performance of the ANT is preceded by amusing or neutral 

film clip. Cartoons or scrambled cartoons shown at regular 

intervals during ANT. 

 

2 

 

Happiness 

& sadness 

 

Emotional images (IAPS*) – happy, sad and neutral - are 

shown at regular intervals during ANT performance. 

 

3 

 

Sadness 

 

Emotional images (IAPS) – sad and neutral - are shown at 

regular intervals during ANT performance. 

 

4 

 

Fear 

 

Emotional images (IAPS) – fear related and  neutral are shown 

at regular intervals during ANT performance 

 

5 

 

Happiness 

& sadness  

 

Music and emotional images (IAPS) – neutral, happy and sad 

images are shown at regular intervals during ANT 

performance.  Accompanied by neutral, happy or sad 

background music. 

 

6 

 

Fear and 

Sadness 

 

Music and emotional images (IAPS) – neutral, fear and sadness 

related images are shown at regular intervals during ANT 

performance.  Accompanied by neutral, sad or fear related 

background music. 

 

 

7 

 

 

None 

 

Original version of ANT (no emotion manipulation) 

*IAPS = International Affect Picture System. 
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5.0 Chapter Overview 

Experimental studies concerned with the influence of emotional experience 

on attention necessitate the manipulation of a participant’s emotional state.  In this 

chapter I will discuss the techniques commonly used to elicit emotion in a lab 

setting and will describe how the effectiveness of an emotion manipulation can be 

assessed.  The influence of individual differences in emotional responding is also 

considered.   

 
 

5.1 Elicitation of Emotion the Lab 

5.1.1 Mood induction procedures (MIPs) 

Several techniques can be used to elicit an affective response in a lab setting.  

Although these procedures are more often used to elicit moods or positive and 

negative affect as opposed to discrete emotions per se, they are sometimes also used 

to elicit emotions, in particular happiness or sadness.  Some of the more commonly 

used methods are described in the following sections. 

 

5.1.1.1   Imagination 

Imagination requires that participants imagine emotion-eliciting events. This 

procedure can involve asking participants to write down an imagined event and 

describe the thoughts and feelings associated with it.  A variation on this technique 

was used by Gasper (2004) who asked participants to write for 9 minutes about 

events that made them feel “happy, joyful and positive”, “sad, upset and negative” 

or “actions on a normal day”   in the baseline condition.  Imagination is more useful 

for the induction of general positive or negative affective states, as opposed to 

discrete emotions. 
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5.1.1.2   The Velten Technique 

In the Velten technique, participants are presented with a set of cards, 

progressing from mildly happy to euphoric or from mildly depressing to clearly 

depressing, and asked to experience the mood described in the card. 

 

5.1.1.3   Film/Story plus Instruction or film/story only  

The Film/Story manipulation involves presenting participants with a film 

clip or a moving story in order to elicit an emotional reaction.  This may or may not 

be accompanied by an instruction to try to experience the affective states that are 

evoked by the film or story.  Instructions can help focus the participant on their 

emotional response, but can also increase demand characteristics. 

 

5.1.1.4 Music plus instruction or music only 

Music involves presenting participants with a piece of music to elicit the 

target emotions or mood state.  If an instruction is given, participants are asked to 

try to experience the emotions evoked by the music as intensely as they can.  

 

5.1.1.5 Feedback   

Feedback involves giving participants positive or negative feedback 

(generally false feedback) as they perform a task.  For instance, participants are told 

that they are not performing the task effectively, that they have made too many 

errors or that they are responding too slowly.  Negative feedback is often used to 

elicit negative affective responses (e.g. Derryberry & Reed, 1998).  

 

5.1.1.6 Social Interaction  

 Social interaction induces the target affective state by exposing participants 

to a confederate who interacts with the participant in such a way as to trigger the 

target affective state.  Social interaction can be an effective way of inducing anger – 

an emotion which is difficult to elicit in the lab. 
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5.1.1.7 Gift 

Sometimes participants are presented with small gifts, often chocolate 

sweets in advance of performing a task, in order to elicit positive affect (e.g. Isen, 

1999; Wadlinger & Isaacowitz, 2006). 

 

5.1.1.8 Facial expression   

The directed facial action task involves instructing individuals to contract or 

relax specific facial muscles which result in a smile or a frown, thereby inducing a 

positive or negative emotional state (Ekman, 2007).  This is a useful technique if it is 

important that the participants are unaware of the emotion manipulation.  

However, the resultant emotional experience is weaker than that which would be 

elicited by other inductions such as film or music. 

  

5.1.1.9 Combined procedures   

Researchers sometimes combine different MIPs in an attempt to increase the 

effectiveness of any single induction.  Examples include the use of music with 

imagination. 

 

5.1.2 Effectiveness of mood induction procedures 

Following a meta-analysis of 138 studies involving the manipulation of 

mood, Westermann, Spies, Stahl, & Hesse  (1996) judged the Film/Story with 

Instruction as the most effective for the elicitation of positive affective states (Table 

5.1).  In the induction of negative affective states, Film/Story plus Instruction as 

well as the Combined MIPs were the most effective.  Other MIPs, with the exception 

of facial expression, performed well in the elicitation of negative affect.  Overall, for 

the elicitation of both positive and negative affect, the Film/Story MIPs were most 

effective. 
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Table 5.1:  Effects of mood induction procedures (Westermann et al. 1996) 

Technique Number of 

comparisons  

Positive mood 

Effect size (rm) 

Number of 

comparisons 

Negative mood 

Effect size (rm) 

Imagination 14 .36 15 .52 

Velten 46 .38 72 .52 

Film/Story + Instr. 4 .73 7 .74 

Music + Instr. 3 .33 4 .50 

Film/Story 13 .53 16 .50 

Music 6 .32 5 .41 

Feedback 4 .33 8 .56 

Social interaction 2 .27 8 .44 

Gift 5 .38 na na 

Facial expression 3 .19 5 .08 

Combined 4 .40 6 .76 

All MIPs 104 .41 146 .53 

Note: rm = mean weighted effect.  Effect sizes relate to the different in the experimental condition (e.g. 
positive mood) and the neutral condition. 

 

 

Westermann et al’s meta-analysis also suggests that the manipulation of 

negative affective states tend to be more effective than positive affect manipulations.  

The mean weighted effect size for the induction of negative mood, rM = .53 was 

significantly higher than the mean weighted effect size for positive mood induction 

rM =.41.   This fits with the general finding that neutral or baseline mood states are 

generally biased in a positive direction (Diener & Diener, 1996); therefore, it can be 

difficult to achieve further enhancement of positive affective states in a lab setting.      

 

5.1.3 A closer look at film 

Film clips are one of the most effective ways to elicit emotion in a lab setting 

(Gerrards-Hesse, Spies, & Hesse, 1994; Gross & Levenson, 1994; Rottenberg, Ray, & 

Gross, 2007; Westermann et al., 1996).  Unlike other affect manipulation techniques 

which elicit more diffuse positive or negative emotional states (e.g. Imagination, 

music), film clips can be used to elicit discrete emotional states in participants.  

Because of this, they are of particular interest to emotions researchers.  Philippot 

(1993) identified film clips to elicit amusement, sadness and a neutral state.  
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Similarly, Gross and  Levenson (1994) identified a set of film clips to elicit 

amusement, anger, contentment, disgust, sadness, surprise and a neutral state.  The 

work of Gross and Levenson was extended by Rottenberg et al. (2007) who 

identified a set of film clips for the elicitation of nine discrete emotional states.   

In a lab setting, the emotional response elicited needs to be as intense as 

possible without overstepping the mark in relation to what is ethically acceptable 

(this applies in particular to the elicitation of negative emotional states).  Film clips 

perform well in this respect, and can be used to elicit a range of emotional states that 

vary in intensity from mild to strong.  Film clips, in comparison to other stimuli, are 

relatively high in cognitive complexity and are particularly useful in eliciting more 

complex emotions such as nostalgia.  Films require that the participant focus their 

visual and auditory attention on the stimuli being shown, otherwise the effect of the 

manipulation can be weakened.  Given this requirement, film can be suboptimal in 

experimental settings if the participant is required to perform a secondary task 

during the emotion manipulation.  In terms of demand characteristics, film clips 

elicit fairly low levels of demand and have often been found to produce emotional 

responses in participants that are outside the participant’s volitional control (e.g. 

facial behaviour or specific physiological responses such as increase cardiovascular 

activity or skin conductance).  Film clips are also relatively standardized in 

comparison to Imagination or Velten techniques where the researcher has no control 

over what the participant imagines and the degree to which the participants makes 

an effort to experience the target affective state.  Film clips are fairly high in 

ecological validity in comparison to other techniques as they often represent 

dynamic displays of prototypical situations relative to survival and well-being. 

Typically films are lower in their temporal resolution than still images or 

startle procedures.  It can take several minutes of film clip watching before the 

target emotion is actually experienced.  A challenge for emotion researchers is to 

extract the emotional phenomena of interest from these relatively longer periods.  

Another challenge when working with set film clips is that there are often 

individual differences in what is perceived as amusing, happy, sad, frightening and 

disgusting.  Furthermore, the type of stimuli and situations that elicit discrete 

emotions can vary across cultures.  Thus, individual, gender and cultural 
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differences need to be taken into account when selecting appropriate clips to induce 

emotion.   

 

5.1.4 A closer look at music 

Music is often used to elicit positive or negative affective states in the lab 

(e.g. Eich, Ng, Macauley, Percy, & Grebneva, 2007; Green, Sedikides, Saltzberg, 

Wood, & Forzano, 2003; Rowe et al., 2007; Thompson, Schellenberg, & Husain, 

2001).  In a meta-analysis of 41 studies of musical performance,  participants were 

able to decode the emotions expressed in  specific musical selections with above 

chance accuracy (Juslin & Laukka, 2003).  However, success in recognising the 

emotion expressed in a musical piece does not map directly on to emotional 

experience itself.  Because of this, when assessing a participants emotional response 

to music, the researcher needs to clearly communicate to the participant that they 

are interested in their subjective emotional response to the music, rather than the 

emotion or emotions they thought the music was trying to evoke.  For, instance, 

participants who dislike classical music, may be aware that a piece of music is 

associated with joy or sadness, but may actually feel bored in response to it. Despite 

this, there is evidence that music is useful in eliciting affect states in controlled 

settings.  Westermann et al. (1996) estimated that music or music with instruction 

had a mean weighed effect size of approximately .3 for the elicitation of positive 

moods and .4 (without instruction) to .5 (with instruction) for the elicitation of 

negative moods.  However, music is less effective for the elicitation of emotions 

such as anger, amusement and disgust, or more complex emotions such as nostalgia 

or embarrassment. 

Recently, researchers have identified a set of musical excerpts that can be 

used to elicit happiness, sadness, fear and contentment in emotions research 

(Vieillard et al., 2008). However, when music is used to elicit an affective state, it is 

recommended that the musical preferences of listeners are taken into account to 

maximise the likelihood that the manipulation will be successful (Kreutz, Ott, 

Teichmann, Osawa, & Vaitl, 2008).  

More recently, researchers at the University of Florida have developed a set 

of auditory stimuli – the International Affective Digital Sounds (IADS) for use in 
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experimental studies of emotion and attention.  Like the International Affective 

Picture System (IAPS), each sound is rated in terms of valence or arousal, as 

opposed to discrete emotions. Recent studies which have used the IADS include a 

study of the influence of emotional state on chewing (Deiss, Rossignol, & Bourdiol, 

2009) and the influence of emotions on time perception (Noulhiane, Mella, Samson, 

Ragot, & Pouthas, 2007). 

 

5.1.5 The use of images to elicit emotion 

Still images are increasingly used to elicit a range of affective states and 

discrete emotions in the lab.  This is largely due to the development of the 

International Affective Picture System (IAPS) (Lang et al., 2005).  The IAPS is a large 

set of colour photographs depicting people, animals, objects and events 

representing a wide range of contexts and emotionally evocative situations.  

Evidence based on self-report, behavioural and physiological data have shown that 

the IAPS images are effective in eliciting emotional responses (Bradley et al., 2001; 

Bradley & Lang, 2007).   

Each image has a standardized valence and arousal rating derived from a 

series of normative studies (Lang et al., 2005).  The standardized valence score 

indicates the degree of pleasure experienced by participants when they view a given 

image for 6 seconds; while the arousal rating indicates the level of self-reported 

energy or activation elicited by the image.  Images with low valence scores tend to 

elicit a negative affect in participants, whereas images that have high valence scores 

usually elicit positive affective responses.  IAPS images are frequently used in 

experimental settings where control in the selection of emotional stimuli is required. 

This is often the case in experimental studies investigating affective influences on 

cognitive processes (e.g. Bradley & Lang, 2007; Wadlinger & Isaacowitz, 2006).   

There are many advantages associated with the use of still images.  Still 

images can be easily edited, catalogued and distributed.  As still images are static 

cues, they are less complex than film clips which contain movement, narrative 

development and other dynamic changes which can complicate the interpretation of 

the measured affective response (Bradley & Lang, 2007).  Certain still images 

contain very strong emotional content and evoke a target emotion in some 
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participants almost instantly.  Furthermore, the standardized valence (pleasantness) 

and arousal scores associated with each IAPS image can be used by researchers to 

pre-select images that have previously been found to evoke high versus low levels 

of pleasure and arousal. 

Mikels et al. (2005) have identified a subset of IAPS images that can be used 

to elicit discrete emotions.  In two studies, Mikels at al. asked participants to rate a 

set of IAPS images in terms of the emotions they felt while viewing the image.  In 

their first study, participants were presented with 203 negatively valenced images 

and were asked to rate each image in terms of the amount of sadness, anger, fear or 

disgust they experienced while looking at each.  Participants responded by rating 

each image on a 7 point scale where 1 indicated ‘not at all’ and 7 indicated ‘a great 

amount’.   Mean scores for each of the four negative emotion terms were derived for 

each IAPS image.  A 90% confidence interval (CI) was constructed around each 

mean.  For a given IAPS image, if the mean of one emotion was higher than the 

mean for the other three emotion terms, and if the CI for that emotion did not 

overlap with the CI for any of the other emotion categories, it was classified within a 

single emotion category.  If two or three means were higher than the rest and the 

CIs overlapped, the image was classified as blended, whereas if all four ratings 

overlapped, the image was classified as undifferentiated.  This categorisation 

process led to the classification of 203 IAPS images into one of five emotion 

categories:  disgust (n=31), fear (n=12), sadness (n=42), blended (n=48) and 

undifferentiated (n=70).   

In a second study, participants were presented with 187 positive images 

from the IAPS set, and asked to rate each in terms of the level of awe, contentment, 

excitement and amusement elicited by each.  Happiness was not used as an emotion 

category label given the multiple meanings that it covers (Diener, Napa Scollon, 

Lucas, & Paul, 2003).  This study resulted in the identification of six categories: 

amusement (n=10), awe (n=7), contentment (n=15), excitement (n=10), blended 

(n=71) and undifferentiated (n=74) (see Table 5.2 for examples). 
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Table 5.2: Examples of IAPS images that elicit discrete emotions  

Based on Mikels et al. (2005) 

IAPS image description Emotion 

elicited 

A burn victim Disgust 

Snakes Fear 

A dying hospitalised woman Sadness 

Older women laughing with birds perched on their shoulders Amusement 

Mother and child Contentment 

An astronaut in space Awe 

 

 

5.1.6 Choosing an emotion induction technique  

As outlined, there are many techniques that can be used to elicit an 

emotional response in a lab.  The most appropriate technique will depend on the 

type of affective experience that needs to be elicited, the demands of the 

experimental situation, as well as the degree to which participants can be made 

aware of the manipulation.  In investigations of discrete emotional influences on 

attention, it is necessary to adopt an emotion manipulation technique that 

effectively elicits a discrete emotion (as opposed to positive or negative affect in 

general).  Furthermore, it is important that the emotion elicited is as intense as 

possible, and that the participant can readily perform an attention task during or 

immediately after the emotion induction. 

Some techniques are more effective for the induction of some emotions 

compared with others.  For instance, while music is often used to elicit happy and 

sad affective states, it is less suitable for anger and disgust inductions.  Indeed, it can 

be particularly difficult to elicit anger in a lab setting, especially given the tendency 

of individuals to regulate anger experiences in social situations.  Anger can be 

induced in lab settings using provocative tasks; e.g.  by presenting the participants 

with a challenging task and giving them negative feedback about their performance 

(e.g. too fast, too slow, moving too much) as they are performing the task (e.g. 

Mauss, Cook, & Gross, 2007).  Still images can immediately elicit high levels of 

disgust, while film clips are particularly effective for sadness elicitation.  Music is 
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often used for the elicitation of happiness and sadness (e.g. Green et al., 2003; Rowe 

et al., 2007).  Thus, the type of emotion induction technique will vary depending on 

the emotion under investigation.  

The choice of emotion induction technique will also depend on the 

constraints of the experimental task itself.  If participants are required to perform a 

visual task during the manipulation, a music manipulation may be preferred over 

visual materials such as images or film clips.  More often then not, the emotion 

manipulation precedes the performance of a task, and it is assumed that the effect of 

the manipulation preceding the task will last throughout the task.  However, if the 

task is relatively long and tedious, it is likely that the effect of the manipulation will 

wear off before the task is completed, so efforts to intensify the effect of the emotion 

during task performance (e.g. by presenting participants with additional film clips, 

images or longer musical segments) are useful.   

The expected duration of the emotional response resulting from the 

induction needs to be considered.  For instance, gifts are commonly used to induce 

mild positive affect; however, the researcher needs to consider how long the 

positive affect resulting from the small gift will last, and whether it will last during 

the performance of the entire task.  Experimental studies of cognitive processes 

generally require that participants perform multiple trials to obtain precise 

performance measures.  The difficulty is that participants often find such tasks long 

and tedious.  Flexible emotion manipulations such as the use of still images between 

trials, or feedback following trials, can reduce the tedium associated with such tasks 

and maintain the intensity of the emotional response as the task is being performed. 

Another consideration is whether or not the participant can be made aware 

of the emotion induction.  If participants are shown film clips that are not obviously 

related to the task they are to perform, and then asked to rate how they felt while 

watching the clips; it will be apparent that the clips are being used to elicit an 

emotional response.  This may not be a problem, especially if participants are asked 

to perform a task which is unlikely to be influenced by their perceptions regarding 

the emotion manipulation.  However, if participants are subsequently asked to 

make conscious judgements such as rating the attractiveness or sociability of a set of 

people, participants may form an interpretation of the experiment's purpose and 

change their rating behaviour accordingly.  In order to reduce the effect of demand 
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characteristics in such situations, it is necessary to adopt emotion induction 

techniques that do not obviously elicit an emotional response.  Small gifts and the 

directed facial action task are two such methods that might be considered in these 

contexts.  

 
 

5.2 Assessing the Effectiveness of an Emotion 

Manipulation 

Once an appropriate emotion induction procedure has been chosen, it is 

necessary to assess whether or not the target emotion has been effectively induced.  

Self-reports of subjective experience are commonly used for this purpose, though 

behavioural and physiological measures are sometimes used instead of, or as well 

as, self-reports. 

 

5.2.1 Self-report 

Self-report is commonly used to assess the effectiveness of an emotion 

manipulation.  This involves asking participants to rate the extent to which they feel 

a set of relevant emotions after an emotion induction procedure.  For instance, 

Gasper (2004) used a 4-point scale to assess the extent to which participants were 

feeling a range of emotions (enthusiastic, joyous, glad, pleasant, excited, proud, 

elated, happy, inspired, scared, unhappy, sad, anxious, unpleasant, depressed, 

nervous, afraid and frustrated).  Similarly, Fredrickson and Branigan (2005) asked 

participants to rate on an 8-point scale the extent to which they felt a set of positive 

and negative emotions following a film clip manipulation.  In addition to the 

emotion reports, there are a plethora of standardized emotion and mood self-report 

measures which can be used to assess baseline affective states both before and after 

an experimental manipulation such as the Positive and Negative Affect Schedule 

(PANAS), the Profile of Mood States (POMS), the Brunel Mood Scale (BRUMS) and 

the UWIST Mood Adjective Checklist (UMACL)  (Lane & Lane, 2002; Matthews, 

Jones, & Chamberlain, 1990; Watson et al., 1988). 
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Self-reports of emotional experience following an emotion induction are 

popular as they allow for a fast and convenient assessment of the participants self-

reported emotional state.  Importantly, self-report measures of affective states have 

been shown to be high in construct validity in terms of their stability over time, 

associations with personality, and relations with non-self-report data (Diener, 

Smith, & Fujita, 1995; Gray & Watson, 2007; Watson & Clark, 1994b)   

Self-report measures of subjective experience require that the participant is 

able to integrate physiological sensations with the subjective interpretation of cues 

from both their body and the surrounding context (Gray & Watson, 2007).  This 

requires that they are able to observe and quantify their emotional experience as 

well as honestly and accurately report the results of this assessment on a 

questionnaire.  One criticism of self-report measures is that the respondent may 

either consciously or unconsciously distort their self-assessment.  For instance, 

when participants are required to retrospectively report how they felt at a particular 

moment in time, their reports might be tempered by duration neglect – a tendency 

to focus on the peak or highest intensity moment during the emotional episode.  

Recency effects can also occur; these arise when participants focus on more recent 

experiences relative to more distant states.  To circumvent inaccuracies associated 

with duration neglect or recency effects, participants need to be provided with clear 

instructions in relation what they are being asked to rate (e.g. greatest amount of 

emotion felt during a specific period of time), and the time-frame relating to the 

emotion report needs to be clearly identified (e.g. Please rate how you felt during 

the task/ before the task/ when viewing the pictures.) 

Social desirability is sometimes identified as a shortcoming associated with 

self-reports measures of emotion.  Emotion report forms ask participants to describe 

how they feel at a particular time point; it is feasible that the participant may 

consciously or subconsciously distort their responses to make them appear more 

socially appropriate.  For instance, when presented with an image showing an ill 

child, participants may feel that they should report heightened sadness, irrespective 

of whether or not the image elicits a sadness response.  The effect of social 

desirability on emotion reporting has been examined by Watson and Vaidya (2003) 

cited in Gray and Watson (2007).  These researchers compared self-reported 

affective states with peer-reported affective states in four samples.  The samples 
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included friendship dyads, dating couples and married couples.  When compared 

with peer-reports, there was no evidence of skewed self-report ratings in the 

direction of more socially desirable responding, suggesting that self-enhancement is 

not a significant problem in self-reported affective assessment.   

Demand characteristics can also be problematic in self-reports.  If 

participants realise that the experimenter wants to induce a particular response, 

then the participant may report that they experience the particular emotion, even if 

they have not.  One way to reduce the possibility of this occurring is to emphasize to 

the participants that an accurate and honest response is highly valued.  Nonetheless, 

demand characteristics can be problematic, and can unconsciously influence a 

participants response patterns.  

 

5.2.2 Behavioural measures 

The success of an emotion manipulation can also be assessed by detecting a 

cognitive or behavioural pattern that is generally associated with the target 

emotional state.  For instance, blushing tends to be associated with embarrassment, 

so blushing itself can be used as an indicator of embarrassment.  Facial expression is 

commonly used as a behavioural indicator of emotion.  The Facial Action Coding 

System (FACS) provides observers with a method for measuring facial movements 

that are commonly assumed to relate to the experience of particular emotions 

(Ekman & Rosenberg, 2005).  The use of behavioural indicators of emotion is 

particularly useful when assessing emotional states which participants may not be 

consciously aware of, or when assessing emotional states without making the 

participant aware that the presence of such states might be of interest to the 

researcher (Parrot & Hertel, 1999).   

 

5.2.3 Physiological measures 

Physiological measures are sometimes used to assess the effectiveness of an 

emotion manipulation.  The most commonly used measures include heart rate, skin 

conductance, blood pressure, finger temperature, respiration and pupil dilation.  

The validity of these measures as indicators of an emotion is based on research 
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findings that support a direct link between an emotional experience and a specific 

pattern of physiological activity: e.g. vasoconstriction and fear, or activation of the 

lacrimal glands and sadness.  However, the problem with the use of physiological 

responses as an indicator of an emotional state is that there is not a one-to-one 

relationship between the experience of an emotion and a specific physiological 

response.  Indeed, in a study of the experience of emotions across different response 

systems – subjective, behavioural and physiological -  Mauss, Levenson, McCarter, 

Wilhelm and Gross (2005) found that while subjective and behavioural responses 

were highly associated with one another, physiological responses were only loosely 

associated with both behavioural and subjective indicators of emotion.  Indeed, the 

general findings seem to be that physiological measures are useful to distinguish 

between positive or negative emotions in general, but to date have had limited 

success in distinguishing between specific emotions of the same valence (Cacioppo 

et al., 2000).   

More recently, there has been much interest in the identification of neural 

networks associated with the experience of discrete emotions.  However, research 

findings relating to the activation of specific neural networks and emotion 

experience is inconclusive (Barrett & Wager, 2006).  Nonetheless, fairly strong 

evidence exists for left sided activation for approach related behaviour and right 

sided activations for avoidance behaviour (Davidson, Shackman, & Maxwell, 2004; 

Murphy et al., 2003; Wager et al., 2003).  Aside from the lack of consistent findings 

for an association between discrete emotions and the activation of specific neural 

networks, the use of neuroimaging as an assessor of the effectiveness of an emotion 

manipulation would not be cost effective for most studies. 

 

5.2.4 Summary 

Self-report measures of subjective emotional experience offer a practical and 

efficient approach to assessing a participant’s emotional state.  Furthermore, self-

report measures are largely considered to provide valid and reliable information on 

an individual’s emotional state.  Often researchers supplement the use of the self-

report measures with behavioural or physiological measures.  The usefulness of 

using behavioural or physiological measures to complement self-report is 
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dependent on the experimental situation and goals of the experiment.  If the 

researcher is interested in positive versus negative mood or affect more generally, 

then it is likely that supplementing self-report measures of affective state with 

physiological or behavioural measures will be useful.  However, for researchers 

interested in examining discrete emotions in situations where the participant is 

consciously aware of the emotion induction (e.g. film clip, music) it is unlikely that 

the use of physiological measures to assess whether or not discrete emotions were 

experienced or not, will offer much greater insights into whether or not a target 

emotion was experienced in comparison to self-report alone.  Indeed, the use of 

physiological measures in this context will be more costly in terms of finance and 

time.  They also increase the complexity of data collection and analysis without 

offering much more information on whether or not a target emotion was actually 

induced. 

 
 

5.3 The Role of Individual Differences 

Individual differences in several emotion related variables influence the 

degree to which a given emotion manipulation successfully elicits a target emotion. 

For instance, individual differences in emotional responding, emotion specific 

sensitivity, emotion expressivity and the use of emotion regulation strategies are 

just some of the variables that influence emotional responding.  These variables are 

discussed in the following sections. 

  

5.3.1 Emotional responding 

Davidson (1998) identifies several features of emotional responding that are 

influenced by individual differences.  These include the threshold for reactivity, 

peak amplitude of response, rise time to peak and recovery time.  Threshold 

differences are concerned with the level of threat at which people appraise a 

stimulus as threatening.  For instance, high anxious participants tend to show 

greater vigilance for mildly threatening stimuli than do low anxious individuals 

(e.g. Mogg et al., 2000), even though both high and low anxious participants show a 
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vigilance response to high threat stimuli.  This indicates lower thresholds of threat 

reactivity in high anxious individuals.  Amplitude of response relates to differences 

in the intensity of an emotional response.  Davidson (1998) suggests that the 

amplitude or intensity of an emotional response might also vary across systems, 

such that a particular individual might have a large amplitude of response to fear 

stimuli as measured by heart rate, but might have lower amplitude in terms of facial 

response.  Thus, peak amplitude of response can vary both between individuals and 

by response systems within the individual.  Rise to peak time refers to the difference 

in the time between onset of a stimulus and the maximum response.  Davidson 

suggests that some individuals will have a faster rise time to peak than others.   

Individual differences in recovery time are also evident: some individuals 

recover much more quickly than others following negative emotional events.  This 

can be shown by monitoring the time it takes an individual’s heart rate to return to a 

baseline level following a fear, anger or disgust induction.  Again there may be 

differences between response systems within individuals such that an individual 

might recover more quickly in terms of their expressed or self-reported behaviour, 

but take longer in terms of certain physiological responses.  Hemenover, Augustine, 

Shulman, Tran, & Barlett (2008) recently highlighted the existence of individual 

differences in negative affect repair.  Individuals who had higher expectancies of 

repair success and who attended and understood their affective state, experienced 

the largest reductions in negative affect and the largest increases in positive affect 

following an affect repair task. 

 

5.3.2 Emotion specific sensitivity 

Individuals also differ in their sensitivity to specific emotions.  The existence 

of individual differences in sensitivity to threatening material is widely accepted -  

for instance, high trait anxious individuals tend to show attentional biases for threat 

related information (Fox et al., 2002; Koster et al., 2006; Mogg et al., 2000).  In 

relation to disgust, Jones and Fitness (2008) found that moral disgust sensitivity is 

associated with moral hypervigilance, which suggests that individual differences in 

moral disgust sensitivity will increase the likelihood of a disgust response following 

a disgust manipulation.  Individual differences have also been found in anger 
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responsiveness (Wilkowski & Robinson, 2008).  It is likely that individuals also 

differ in terms of their sensitivity to other emotions; e.g. amusement, sadness.  Some 

people laugh more easily than others, while others are more predisposed to 

experiencing sadness or guilt.  However, little research has been conducted on 

sensitivity to experiencing discrete emotions.  This is an interesting area in which 

further research would be particularly useful. 

 

5.3.3 Emotion expressivity 

Emotion expressivity is another area in which individuals differ.  Gross and  

John (1997) have identified three facets relating to expressivity:  negative 

expressivity, positive expressivity and impulse strength.  Negative expressivity 

reflects the degree to which negative emotional response tendencies are expressed 

behaviourally while positive expressivity represents the degree to which positive 

emotional responses are reflected behaviourally.  Impulse strength assesses the 

strength of the individual’s emotional reactions.  Gross and John (1997) found that 

negative affectivity predicts behavioural expressions of sadness, while positive 

affectivity predicts amusement, even when physiological and subjective emotional 

experience is controlled.  Such findings suggest that even when individuals 

experience a similar emotional response, some will be more expressive than others 

(in terms of behavioural and self-report responses).  Furthermore, expressivity may 

vary depending on whether a positive or negative emotion is being expressed.  

Thus, in a lab setting, emotion reports following an emotion induction may be 

influenced by whether the participants tends to express or suppress positive and 

negative emotional responses.   

 

5.3.4 Regulation of emotion 

Two types of commonly used emotion regulation strategies are reappraisal 

and suppression.  Reappraisal involves the construction of a potentially emotion-

eliciting situation in a way that reduces or changes its emotional impact.  In 

contrast, suppression is associated with the inhibition of emotion-expressive 

behaviour (Gross, Richards, & John, 2006).  Individuals who adopt reappraisal 
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emotion regulation strategies experience and express greater positive emotion and 

less negative emotion; whereas suppressors experience and express less positive 

emotion and experience greater negative emotion (Gross & John, 2003; John & 

Gross, 2004).  In a lab setting, reappraisers are likely to experience less negative 

emotion than suppressors in response to negative stimuli. They are also likely to 

experience more positive emotion than suppressors when presented with positive 

stimuli. 

Other emotion regulation strategies have been identified.  For instance, 

Phillips and Power (2007) have identified four strategies: internal functional, 

external functional, internal dysfunctional and external dysfunctional.  Although 

research is required to examine the relationship between use of emotion regulation 

strategies and emotional responding, it is likely that individuals who tend to use 

dysfunctional strategies will experience prolonged experiences of negative 

emotions.  For instance, the use of an internal dysfunctional strategy is associated 

with ruminating on a loss or comparing oneself to others who are better off.  These 

strategies are likely to trigger more negative emotions or more frequent negative 

emotional responses.  In contrast, functional emotion regulation strategies involve 

reappraising the situation, planning how the individual could do better the next 

time and talking to a friend.  In a lab setting, the tendency to use certain emotion 

regulation strategies is likely to influence how the participant responds to positive 

and negative emotional stimuli and is likely to influence the intensity as well as the 

duration of emotional response.  

 
 

5.4 Conclusion 

In this chapter some of the issues relating to the elicitation of emotion in a 

lab setting, and the assessment of the effectiveness of an emotion induction have 

been discussed.  Emotion induction techniques that can elicit discrete emotions 

(such as film clips and certain IAPs images) as opposed to positive or negative affect 

in general, are preferable in experimental studies of the effect of emotion on 

attention.  Furthermore, techniques that maximise the intensity and duration of the 

emotional response are also favoured.  Despite some shortcomings, self-reports of 
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subjective emotional experience are a fast and effective way to assess a participants 

emotional response.  Finally, this chapter considers how the influence of individual 

differences in emotion related variables can influence emotional responding.  Where 

possible, the effect of such variables needs to be assessed and controlled for in 

experimental studies of emotion and attention.   
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6.0 Chapter Overview 

In this chapter the overall aims of this PhD research are outlined and the 

seven experiments that form the main part of this thesis are briefly introduced. 

 

6.1 Primary Research Questions 

The primary aim of this research is to determine whether the experience of 

discrete emotions is associated with distinct patterns of attentional processing - 

specifically alerting, orienting and executive attention.  The first six experiments are 

concerned with the effect of discrete emotions on attentional processing. The final 

experiment investigates individual differences in emotionality and attentional 

processing.   This thesis attempts to answer the following questions:   

 

(i) Do positive emotions increase executive attention costs in comparison to a 

non-emotional baseline state?   

This line of enquiry is based on the broaden-and-build theory of positive 

emotions which proposes that positive emotions broaden attention.  Such 

broadening should impair the efficiency of selective attention, and therefore 

increase executive attention costs.  Experiments 1, 2 and 5 are concerned with 

this question.  Chapters 7, 8 and 11 provide more detail relating to the research 

hypotheses proposed.  

 

 

(ii) Does the experience of sadness impair the efficiency of attention networks?   

The broaden-and-build theory proposes that negative emotions narrow scope 

of attention.  This suggests that negative emotions such as fear and sadness 

should result in reduced executive attention costs compared with a neutral 
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state.  Sadness is examined in Experiments 2, 5 and 6.  Further details relating 

to underlying theories are presented in chapters 8, 9, 10 and 11. 

 

(iii) Does fear enhance executive attention (i.e. reduce executive attention costs)?   

The broaden-and-build theory as well as research relating to anxiety and 

attentional processes suggests that fear and anxiety narrow attentional focus.  

In contrast, the attention control theory proposes that fear and anxiety loosen 

cognitive control and increase distractibility.  The effect of fear on attention is 

examined in Experiments 5 and 7.  If the experience of fear narrows attentional 

focus, then fear should reduce executive attention costs in comparison to a 

control condition.  If fear impairs cognitive control and increases 

distractibility, fear should increase executive attention costs in comparison to a 

neutral baseline.  A more detailed discussion of these alternatives as well as 

previous research is outlined in Chapter 10.  

 

(iv) Are fear and sadness differentially associated with the efficiency of 

attentional networks? 

Emotions are composed of several components – distinct appraisals, 

physiology, action readiness and related behaviours as well as cognitive and 

neuropsychological activity.  In contrast to the broaden-and-build theory 

which predicts similar patterns of attentional processing for all positive and all 

negative emotions; here it is predicted that discrete positive and negative 

emotions will differentially influence attention. The aim of Experiment 5 is to 

compare the effects of fear and sadness on alerting and executive attention. 

 

(v)  Do emotions influence covert attentional orienting? 

Few studies have specifically examined the effect of discrete emotions on 

attentional orienting to neutral information.  Previous research is focused on 

attentional biases for positive or negatively valenced stimuli. Thus, the 

question of whether discrete emotions influence covert exogenous orienting of 

visual attention is considered in five of the experiments outlined in the 

following chapters.   
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(vi)  Do emotions influence alerting? 

Very few studies to date have examined the effect of emotion on alerting 

attention even though alerting is considered a foundational form of attention 

(Raz & Buhle, 2006).  All of the experiments outlined in the following chapters 

examine whether the experience of discrete emotions are associated with 

alerting attention. 

 

(vii)  Are individual differences in the experience of emotion associated with the 

efficiency of alerting, orienting and executive attention? 

 Questions about the relationship between individual differences in the 

tendency to experience discrete emotions and the efficiency of attention 

networks are addressed in Experiment 7 (Chapter 12).  A key question is 

whether the tendency to experience discrete emotions is associated with 

alerting, orienting and executive attention. 

 
 

6.2 Plan of Investigation 

Initially the focus of this PhD research was on the broaden-and-build theory 

of positive emotions.  Experiment 1 examined the effect of amusement on attention 

networks to determine whether broadening would be found for amusement, and to 

assess whether amusement differentially influenced the efficiency of orienting and 

alerting.  In experiment 2, the predictions of the broaden-and-build theory were 

examined a second time in context of another positive emotion (happiness) and a 

negative emotion (sadness).  From there the focus shifted to sadness.  In experiment 

3, a modified version of attention network test was used to examine the effect of 

sadness and sad face stimuli on attentional networks. 

With a growing realisation that individual differences play a role in the 

effectiveness of the emotion manipulation and the publication of Posner and 

Rothbart’s theoretical paper suggesting possible links between individual 

differences in emotion regulation and attentional processing efficiencies (Posner & 

Rothbart, 2007), an individual differences approach was adopted in the fourth 

study.  However, given that this is the only study that does not involve the 
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manipulation of emotion in the lab, is correlational in nature and includes a range of 

emotionality measures; this study is that last to be reported in this thesis (Chapter 

12).  

The next experiment focused on the effect of fear on attention networks.  

This study was also motivated by some significant correlations between fear and 

alerting attention in the individual differences study, as well as previous research 

relating to anxiety and breadth of attentional focus.  This is discussed in more detail 

in Chapter 10. 

The final two experiments attempted to elicit a more intense emotional 

response in participants by combining music with IAPS images to elicit emotion in 

the lab.  Experiment 6 specifically examined the effect of fear and sadness in 

comparison to a control condition on each attention network.  Experiment 7 

examined happiness and sadness in comparison to a control condition.   
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6.3 Experiments in Order of Presentation in this Thesis 

6.3.1 Experiment 1:  The effect of amusement on attention networks 

This experiment investigates whether the experience of positive emotions, 

specifically amusement, differentially influences alerting, orienting and executive 

attention in comparison to a baseline state.  Video clips from popular comedies and 

cartoons were used to elicit amusement while a documentary about numbers and 

scrambled cartoon images were used in the neutral baseline condition.  A modified 

version of the attention network task was used to assess alerting, orienting and 

executive attention efficiencies.   

 

6.3.2 Experiment 2:  The effect of happiness and sadness on attention 

networks 

Experiment 2 investigates whether happiness and sadness differentially 

influences alerting, orienting and executive attention in comparison to a neutral 

condition.  IAPS images were used to elicit happiness and sadness in the 

experimental conditions. 

 

6.3.3 Experiment 3:  The effect of sadness and sad faces on attention 

networks 

The aim of Experiment 3 was:  i) to replicate findings of Experiment 2 in 

relation to sadness and attention networks, and ii) to examine the effect of sadness 

on attention network efficiency when task-irrelevant sad faces are presented as 

distracters during task performance.   

Participants were presented with IAPs images in order to elicit sadness and a 

neutral baseline condition.  In addition to the emotion manipulation (sadness v. 

neutral), task-irrelevant emotional faces were presented during the task.  The 

experimental paradigm used in this experiment was based on the paradigm used by 

Dennis, Chen and McCandliss (2008).  By introducing a sadness manipulation, 
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Experiment 3 was designed to replicate some of the Dennis et al. findings and to 

examine interactions between emotional experience (in this case sadness) and the 

influence of task irrelevant distracters (sad v. neutral faces).  Further discussion of 

the theoretical basis for this study is provided in Chapter 9.  

 

6.3.4 Experiment 4:  The effect of fear on attention networks 

Experiment 4 is concerned with the effect of fear on alerting, orienting and 

executive attention in comparison to a control condition. High and low anxious 

participants were pre-selected for this study.  This allowed for the investigation of 

the effect of fear in comparison to a control condition on alerting, orienting and 

executive attention as well as the effect of high versus low levels of the tendency to 

experience fear on attention network efficiency. 

 

6.3.5 Experiment 5:  The effect of happiness and sadness on attention 

networks 

This experiment attempts to replicate Experiment 2 findings.  To intensify 

the emotion experienced by participants, happy and sad music was used in 

conjunction with IAPS images to elicit the target emotional states.  A modified 

attention network task was used to assess alerting, orienting and executive attention 

efficiencies.   

 

6.3.6 Experiment 6:  The effect of fear and sadness on attention 

networks. 

Experiment 5 is concerned primarily with the effect of two discrete negative 

emotions; fear and sadness, on alerting and executive attention.  Music and IAPS 

images were used to elicit fear and sadness in comparison to a baseline condition.  A 

modified attention network task was used to assess alerting, orienting and executive 

attention efficiencies.   
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6.3.7 Experiment 7:  Individuals differences in emotionality and 

attention 

In contrast to Experiments 1 to 6, this study focuses on the relationships 

between individual differences in emotionality and attentional processing.  The 

primary question of interest is whether the tendency to experience discrete emotions 

is associated with attention network efficiencies.  Participants completed a range of 

emotion-related questionnaires and performed the original attention network test 

(i.e. with no emotion manipulation).   

 
 

6.4 Conclusion 

This chapter provides an overview of the aims of this PhD research and 

introduces the key questions that will be addressed.  The seven experiments that 

form the central part of this thesis have also been introduced.  In the chapters that 

follow, the theoretical basis for the hypotheses outlined in each experiment is 

discussed in greater detail.
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7.0 Chapter Overview 

The aim of this first experiment is to explore the effect of positive emotions, 

specifically amusement, on three types of attention – alerting, orienting and 

executive attention.   

 

7.1 Introduction 

According to the broaden-and-build theory,  the form and function of 

positive and negative emotions are distinct and complementary (Fredrickson, 1998).  

Negative emotions are thought to narrow an individual’s scope of attention and 

cognition resulting in specific action tendencies.  In contrast, positive emotions are 

thought to broaden an individual’s scope of attention and widen the array of 

thoughts and actions that come to mind at a given moment in time (Fredrickson, 

2001, 2003b).  By broadening attention, positive emotions are believed to facilitate a 

range of cognitive processes such as reasoning, creative problem solving and 

decision-making (Fredrickson, 2002, 2003b; Fredrickson & Joiner, 2002; Fredrickson 

& Losada, 2005). 

Indirect evidence for a relationship between positive emotions and 

broadened scope of attention has been drawn from studies based on the global-local 

visual processing paradigm.  For instance, Basso et al. (1996) found that personality 

traits associated positive emotions such as optimism were correlated with a global 

visual processing bias, consistent with broadened attentional focus.  Further indirect 

evidence for a relationship between positive emotions and cognitive broadening is 

drawn from the work of Isen and colleagues who identified a facilitatory influence 

of positive affect on a range of cognitive processes including problem solving, 
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decision-making, creativity and divergent thinking (Isen, 2000, 2004; Isen, Johnson, 

Mertz, & Robinson, 1985; Isen, Rosenzweig, & Young, 1991).   

Direct evidence for the broaden hypothesis was put forward by Fredrickson 

and Branigan (2005).  Two experiments were designed to investigate whether 

positive emotions broaden attention and widen the array of thoughts and actions 

that come to mind.  In the first experiment, participants watched a film clip that 

elicited one of the following:  amusement (amusing clip), serenity/contentment 

(nature clip), anxiety (mountain climbing accident), anger (clip of people being 

taunted in the street) or no emotion (clip of sticks falling).  Afterwards, participants’ 

scope of attention was measured using an 8-item pen-and-paper global-local visual 

processing paradigm based on the Kimchi and Palmer (1982) stimuli triads (see 

Chap. 2, Fig. 2.1).  Fredrickson and Branigan (2005) found that the experience of 

positive emotions - amusement and serenity/contentment -  was associated with 

larger global visual bias scores compared with the neutral condition.   

In their second experiment, participants were randomly assigned to one of 

the five emotion conditions, and were required to watch another clip to elicit a 

target emotion.  Afterwards, the size of participants ‘thought-action repertoires’ 

were assessed; that is the number of action-related thoughts that came to mind at a 

given moment in time.   For this purpose, a Twenty Statement Test (TST) was used.  

This required participants to step away from the specifics of the film clip that they 

had just seen, and to imagine how they would feel in a situation in which they 

would experience the same emotion.  They were then required complete as many 

statements as possible beginning with: “I would like to___”.  Compared to a neutral 

state, positive emotions were found to increase the number of thought-action 

repertoires reported by participants. 

Taken together, Fredrickson and Branigan (2005) suggest that their results 

offer direct support for the hypothesis that positive emotion broadens attention.  

Indeed, Fredrickson and Branigan argue that because two measures were used to 

assess broadening (i.e. global bias in the 8-item global-local visual processing task, 

and number of thoughts and actions reported during the Twenty Statement Test) 

the generality of the findings are enhanced.  However, the effect appeared weaker 

for the serenity/contentment condition than the amusement condition. While both 

film clips combined resulted in larger global visual processing bias scores compared 
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with the neutral film, the broadening effect of the serenity/contentment clip (a 

nature clip) was only marginally different from the neutral condition (p =.064) 

Rowe, Hirsh & Anderson (2007) used the flanker task (Eriksen & Eriksen, 

1974) to examine the effect of positive and negative affective states on selective 

attention.  The flanker task provides a more direct measure of focused attention by 

comparing RTs to a target that is surrounded by incongruent (distracter) stimuli 

with a target surrounded by congruent stimuli.  Rowe et al. used music to elicit a 

happy and sad mood state, and participants performed a reading task in the neutral 

condition.   In the happy mood condition participant’s experienced greater 

interference from the irrelevant flankers suggesting an increase in breadth of 

attention in positive mood states.  This finding led the authors to conclude that 

positive affective states loosen the reins on inhibitory control which in turn result in 

broadened scope of visual attention.  However, one criticism of the Rowe et al. 

study is that background music was played during the happy condition, whereas no 

music was played during the control condition – thus, increased distraction due to 

the joyful background music may have impaired inhibition in the positive emotion 

condition. 

Partial evidence that positive emotion broadens attention has been reported 

by Wadlinger &  Isaacowitz (2006) who used eye-tracking techniques.  Participants 

were assigned to a positive or neutral mood emotion condition and asked to 

examine a set of three images on the computer screen – positive, negative or neutral. 

A gift mood induction was employed.  In the positive mood condition participants 

were given a small bag of chocolates as a token of appreciation before they 

performed the task.  Those assigned to the neutral condition did not receive any gift 

before the task.  During the task, participants were presented with three images – 

one central image and two images presented peripherally.  Breadth of attention was 

assessed by measuring the percentage of viewing time to peripheral images and the 

number of saccades that participants made per image. Participants in the positive 

mood condition fixated more on the peripheral images than did those in the neutral 

condition – but only when peripheral images were highly positive.  When 

peripheral images were neutral, there was no evidence of increased fixations on the 

peripheral images for those in the positive condition.  These results provide some 

support for the broadening hypothesis, but only in context of positively valenced 
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stimuli.  However, a shortcoming of their study is that they appear to be 

confounding selectivity aspects of attention with attentional orienting. While more 

frequent fixations on peripheral images can be interpreted as broadened attention, 

these findings could also be interpreted in terms of more efficient overt orienting of 

attention to positively valenced stimuli.  Attentional tasks that discriminate between 

discrete aspects of attention would be useful in clarifying whether positive affective 

states differentially influence distinct forms of attention. 

Previous studies are often concerned with positive and negative moods as 

opposed to  discrete emotional states per se (e.g. Basso et al., 1996; Isen, 2000; 

Wadlinger & Isaacowitz, 2006).  Fredrickson and Branigan’s (2005) study is the only 

one that specifically examines the effect of discrete emotions on scope of attention.  

Their finding that amusement broadens attention needs to be replicated, and given 

that the effect of serenity/contentment on broadening was only marginally 

significant, this finding would also benefit from replication.   

Importantly, although some of the aforementioned studies suggest that 

positive affective states broaden attentional focus, it is unclear how broadening is 

construed in terms of attentional processing.  Indeed, a shortcoming of studies using 

the global-local paradigm is that they do not offer insights into the attentional 

mechanisms that might underlie broadening – for instance, whether broadening is 

underpinned by more rapid covert orienting of attention or whether it is better 

characterised by a broadened attentional spotlight which results in greater attention 

to peripheral cues, but less selective attention to a centrally located target.  

Therefore, attention tasks that directly assess specific attentional processes are 

particularly useful in investigating the effect of emotion on attention. 

In sum, there is some evidence that positive emotions broaden attention, 

however, given that this is a relatively new area of research, further evidence in 

support of the broadening effect of positive emotions is necessary.  From a discrete 

emotions perspective, it is predicted that discrete positive emotions will 

differentially influence attentional processing.  Therefore, this first experiment 

considers the effect of a discrete positive emotion – amusement - on attention.  

Amusement  is considered an appropriate positive emotion to examine in this first 

experiment as it can be elicited using film clips in a lab setting (Rottenberg et al., 



 

 117 

2007), and has been shown to increase scope of attention in a previous study 

(Fredrickson & Branigan, 2005). 

A paradigm that clearly distinguishes between distinct attentional processes 

is required in order to map out more clearly if, and how, discrete emotions are 

associated with distinct attentional processes.  The Attention Network Test (ANT) is 

particularly useful in this context as it specifically examines the efficiency of three 

attention networks – alerting, orienting and executive attention.  Thus, it provides a 

useful starting point for the exploration of the hypothesis that discrete emotions are 

associated with distinct patterns of attentional processing.  Alerting assesses the 

capacity to increase vigilance to an impending stimulus.  Intrinsic alertness reflects 

the cognitive control of wakefulness and arousal while phasic alertness represents 

the ability to increase readiness to respond to a target subsequent to warning cue 

(Posner, 2008; Raz & Buhle, 2006; Sturm et al., 1999; Sturm & Willmes, 2001).   

Orienting involves the selection of specific information from among numerous 

sensory inputs (Fan & Posner, 2004).   Executive attention reflects an individual’s 

ability to inhibit irrelevant stimuli and focus attention on a target (Fan et al., 2002). 

In the present study, a modified version of the ANT is used to assess 

whether amusement differentially influences the efficiency of each network in 

comparison to a baseline (neutral condition).  Given that the executive attention 

network relates to selective attention and inhibition, it is predicted that amusement 

will increase executive attention costs in line with previous findings suggesting a 

broadening effect of positive emotions on attention (e.g. Fredrickson & Branigan, 

2005; Rowe et al., 2007). 

 

7.1.1 Hypotheses 

Three hypotheses are proposed:   

(i) Amusement will increase executive attention costs in comparison to a 

neutral baseline.   

(ii) Amusement will facilitate covert orienting.   

(iii) The efficiency of the alerting network will differ in the amusement and 

neutral condition. 



 

 118 

(iv) Amusement will facilitate intrinsic alertness – in the amusement 

condition participants will be faster to respond to an uncued target in 

comparison to the neutral condition. 

 

The first hypothesis is based on the idea that positive emotions broaden 

attention by loosening attentional control and impairing inhibition (Rowe et al., 

2007).  Therefore, amused participants will be slower to inhibit irrelevant flanker 

stimuli on incongruent trials during the ANT compared with the neutral condition.  

The second hypothesis – that amusement will facilitate covert orienting - would 

occur if broadening results in more efficient shifting of attention towards a target.   

The third hypothesis - that the efficiency of the phasic alerting network would differ 

in the amusement and neutral condition – is more tentative, consequently no 

specific direction was hypothesized.  The hypothesis that amusement will increase 

intrinsic alertness is also explored.  This is based on the idea that positive emotions 

including amusement are associated with activation of the appetitive system and 

approach behaviours (Bradley et al., 2001), which may in turn reduce response times 

to a task relevant target. 

 
 

7.2 Method 

7.2.1 Pilot study 

A pilot study was carried out to identify a film clip to elicit amusement in 

participants, and a second clip that would not evoke any particular emotional 

response, which would be used in the neutral condition.  The pilot consisted of a 

comparison of short clips from popular UK and Irish comedies: Absolutely 

Fabulous, Little Britain, Father Ted, Victoria Wood, The Office and Mr Bean.  A set 

of clips were also piloted for use in the neutral condition.  The neutral clips included 

a documentary on numbers, a documentary on dreams, as well as clips from 

wildlife programmes on condors and dolphins and a documentary on the planet 

Venus.    
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Twenty-one participants took part in the pilot, each viewing a selection of 

film clips in a group setting.  After each clip, participants rated on a 0 to 8 point 

scale, the extent to which they had experienced a range of emotions while watching 

the clip.  The results showed that participants judged the Father Ted, The Office and 

Little Britain clips as more amusing than the other comedy clips (Mr Bean, 

Absolutely Fabulous and Victoria Wood).  However, examination of individual 

scores highlighted the role of individual differences in the amusement self-reports 

following each clip.  For instance, although the Victoria Wood clip received the 

lowest mean amusement rating compared with the other amusing clips, two 

participants who saw the Victoria Wood clip gave it a higher amusement rating 

compared to any other clip.  Qualitative feedback also highlighted this: for instance, 

some participants described Mr Bean as ‘scary’ and ‘sinister’ while others found him 

‘hilarious’.  Additionally, although Father Ted received the highest mean 

amusement score of any of the clips, some participants found the content offensive.  

Similarly, The Office was described as funny but ‘cringe-worthy’ – suggesting that it 

might evoke a blend of amusement and shame or embarrassment.  Though Father 

Ted, Little Britain and The Office received the highest overall amusement ratings, 

individual differences in scoring as well as qualitative feedback suggested that 

optimal levels of amusement across a larger sample might best be achieved if 

participants are allowed to choose a comedy clip of their choice.  Thus, during the 

amusement condition in the actual experiment, participants were allowed choose in 

advance which clip they would like to see. 

In terms of the neutral clips, participants rated all of these clips as 

significantly less amusing than any of the comedy clips.  However, the Numbers 

documentary was rated as least amusing.  Because of this, it was chosen as the clip 

for the neutral condition.   

 

7.2.2 Design 

A within-subjects design was used.  All participants experienced both the 

amusement condition and the neutral condition during the test session.  Conditions 

were counterbalanced so that half of the participants experienced the amusement 

condition first and half experienced the neutral condition first. 
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7.2.3 Participants 

60 participants took part in the study.  38 (63%) were female and 22 (37%) 

were male.  The mean age of participants was 23.7 (SD = 6.15) and all were native 

English speakers from the UK or Ireland.  Participants were recruited through 

Edinburgh University Student and Graduate Employment (SAGE) Service and 

received £7 for taking part.  Ethical approval for this experiment (and all 

experiments that will be reported in this thesis) was granted by the Psychology 

Ethics Committee at the University of Edinburgh.   

 
 

7.2.4 Emotion induction materials 

7.2.4.1 Film Clips   

Film clips were used to elicit amusement in participants. Participants were 

allowed to choose one of a set of four clips in the amusement condition (Father Ted, 

Little Britain, Mr Bean or Absolutely Fabulous).  In the neutral condition 

participants were given no choice in relation to what they would like to watch; all 

participants were shown a documentary on numbers. All the clips lasted between 7 

and 8 minutes. 

 

7.2.4.2 Cartoons  

 In the amusement condition cartoons were presented to participants 

between the experimental trials, whereas scrambled cartoons were presented in the 

neutral condition.  Cartoons are ecologically valid stimuli that are used to elicit 

positive emotions in everyday settings, and evidence shows that they can also be 

used in to elicit positive affective states in controlled settings  (e.g. Goritz, 2007; 

Moran, 1996).   Cartoons were used in the current study to prolong the experience of 

amusement in the amusement condition, and maintain a “non-emotional” or 

baseline state in the neutral condition.  18 “Far Side” cartoons were presented for 10 

seconds each during the amusement condition (Fig. 7.1), whereas 18 scrambled “Far 

Side” cartoons were presented during the neutral condition (Fig. 7.2).    
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Fig. 7.1:  Example of a cartoon presented during the amusement condition 

 

 
Fig. 7.2:  Example of a scrambled cartoon presented during the neutral condition 
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7.2.5 Self-report measures 

7.2.5.1 PANAS-X 

The trait version of the Extended Positive and Negative Affect Schedule 

(PANAS-X) (Watson & Clark, 1994b) was used to assess baseline levels of positive 

affect (PA) and negative affect (NA).  The PANAS-X consists of 60 affect related 

items (e.g. cheerful, calm, sad, bashful, angry at self).  Participants are asked to 

indicate the extent to which they experience a particular affective state on a 5-point 

scale where “1” relates to “very slightly or not at all” and “5” represents 

“extremely” (Appendix A).  The PANAS-X can be used as a measure of several 

emotion and mood related constructs.  It includes two general affect scales - Positive 

Affect and Negative Affect; three positive emotion scales - Joviality, Self-assurance 

and Attentiveness; and four negative emotions scales - Fear, Hostility, Guilt and 

Sadness.  Internal consistency reliabilities (Cronbach’s coefficient alpha) for both the 

PA and NA scales are high, ranging from .83 to .90 for positive affect, and from .85 

to .90 for negative affect.  The scales also have very good convergent and 

discriminant validity ( Watson et al., 1988). 

 

7.2.5.2 NEO-FFI  

The NEO-FFI is the shortened version of the 240-item NEO Personality 

Inventory (NEO PI-R).  It assesses Extraversion, Agreeableness, Conscientiousness, 

Neuroticism and Openness to experience.  It consists of 60 items and takes 

approximately 15 minutes to complete.  Internal consistency of each of the five 

factor scales ranges from .74 to .89 (Costa & McCrae, 1992). 

 

7.2.5.3 Emotion manipulation check  

 An emotion report was completed by participants after both the neutral and 

amusement condition to assess whether or not significantly greater levels of 

amusement had been experienced in the amusement condition.  Participants were 

asked to:  “Please rate the greatest amount felt of the following items while carrying 

out the attention task.   Circle the appropriate number where 0 = none and 8 = a 
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great deal”.  The emotion report consisted of 14 items which were listed in the 

following order: amusement, anger, anxiety, contentment, disgust, fear, happiness, 

sadness, serenity, interest, motivation, energy, sleepiness and boredom (Appendix 

B).  Such self-report measures of emotional experience are often used to assess the 

effectiveness of an emotion manipulation in studies of this type (e.g. Fredrickson & 

Branigan, 2005; Tamir & Robinson, 2007). 

 

7.2.6 Attention Network Test (ANT)  

 The original version of the ANT was modified for use in this study.  The 

modified version included images (cartoons and scrambled cartoons) which 

appeared after every 8 trials throughout the task.  Participants completed 288 trials 

in total - 144 trials in the amusement and 144 trials in the neutral condition.  

Participants were required to respond to a target surrounded by one of three flanker 

types (48 congruent flanker trials, 48 incongruent flanker trials and 48 neutral 

flanker trials).  In addition, each trial was characterised by one of four cue types – no 

cue, double cue, centre cue or a spatial cue.  Each condition consisted of 36 of each 

type of cue (36 no cue, 36 double cue, 36 centre cue and 36 spatial cue).   

Each trial consisted of:  i) fixation cross (+) (for a variable duration between 

400 and 1600 ms), (ii) cue (100 ms) (no cue, centre cue or spatial cue), (iii) second 

fixation (+) (400 ms), (iv) target and flanker arrows (up to 1700 ms), (vi) post target 

fixation (variable depending on the participants RT and the duration of the initial 

fixation cross).  An example of a spatially cued, incongruent flanker trial is shown in 

Fig. 7.3.   

Immediately prior to every 8 trials, a cartoon or scrambled cartoon appeared 

on-screen for 10 seconds.  In total, 18 “Far Side” cartoons were presented during the 

amusement condition while 18 scrambled cartoons appeared between trials in the 

neutral condition.  Participants were instructed to look at the image, and proceed 

with the task once the trials resumed.   

Participants were permitted to take a break between each condition.  A 

practice session consisting of 24 ANT trials was carried out by participants before 

the first film clip was shown.   
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In advance of performing the ANT, participants were presented with paper 

based instructions.  Participants were informed that the target in each trial would be 

a centrally located arrow surrounded by two arrows on each side.  Their goal was to 

identify the direction of the centrally located arrow as quickly as possible 

(Appendix C).    

 
 

Fig. 7.3:  Sample trial: Spatial cue, incongruent flanker 

 

 
 

7.2.7 Procedure  

Participants were tested individually in a small quiet cubicle.  On arrival 

each participant completed the PANAS-X and chose one of the four comedy clips 

for viewing during the experiment. They were then given instructions in relation to 

the ANT, and carried out a short set of practise trials (24 in total).  After the practice, 

they watched the film clip via video recorder on a TV monitor.  Next, they moved to 

a computer screen in the same cubicle and carried out the modified version of the 

ANT.  The experimental conditions were counter-balanced:  half of the participants 

experienced the amusement condition followed by the neutral condition and half of 

them experienced the conditions in the opposite order.  After each condition 

participants completed a paper based emotion report form which was located 

beside the PC.  Finally, they filled in the NEO-FFI. The whole procedure lasted 
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between 60 and 75 minutes.   Participants were debriefed in full prior to departure 

(Fig. 7.4). 

 

Fig. 7.4:  Experiment 1: Overview of procedure. 

Example where the amusement condition is experienced first. 

 

 

 

7.3 Results 

7.3.1 Data analysis 

Median reaction times for cue type and flanker type were calculated for each 

participant for both the amusement and neutral condition.  The overall error rate 

was 1.5%, and ranged from zero to 4.89%.  Given that no participants made 

excessive errors, no participants were excluded.  

In the analysis of emotion and attention network efficiency that follows, both 

t-test and ANOVA tests are employed.  The t-test facilitates the direct comparison of 

alerting, orienting and executive attention scores by emotion condition.  The 
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ANOVA analysis provides similar information, but at a more detailed level of 

analysis as it examines RTs by each cue and flanker condition.  Thus, in the ANOVA 

analysis, it is the interaction effect that is of interest. 

 

7.3.2 Overall data 

Before analysing the effect of positive mood on each attentional network, a 3 

(Flanker: neutral, congruent, incongruent) x 4 (Cue: no, centre, double, spatial) way 

ANOVA was carried out on all RTs, irrespective of condition,  to compare the 

overall pattern of results with that reported originally by Fan et al. (2002).  The 

Greenhouse-Geisser correction was used to correct for violations of sphericity (Field, 

p430).   

The data revealed a significant main effect of flanker type, 

F (1.46, 86.15) = 363.79, p < .001.  Planned contrasts revealed that RTs for 

incongruent flankers were significantly slower than RTs for neutral, 

F (1, 59) = 477.64, p < .001 and congruent flankers F (1, 59) = 351.27, p < .001.  As 

expected, there was a main effect for cue type F (2.15, 126.91) = 214.34, p < .001).  

Planned contrasts revealed that participants were significantly faster to respond to a 

cued compared with an uncued target.  Furthermore, participants were faster to 

respond to a target preceded by a spatial cue, compared with any other cue type 

(Fig. 7.5). There was a significant interaction between flanker and cue type, 

F (4.55, 268.61) = 6.27, p < .001.  This pattern reflects that reported in Fan et al’s 

original study (Fan et al., 2002). 
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Fig. 7.5: Overall RTs by cue and flanker condition (N=60) 
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7.3.3 Emotion manipulation 

Given the skewed nature of the emotion report data, the Wilcoxon test was 

used to compare emotion reports in the neutral and amusement conditions.  

Participants reported that they experienced significantly higher levels of amusement 

during the amusement condition (Mdn = 4) compared with the neutral condition 

(Mdn= 1), z = -6.17, p < .0001.  Participants also experienced more happiness (Mdn = 

4) and contentment (Mdn = 3 ) in the amusement condition compared with the 

neutral condition (Mdn Happiness = 2, Mdn contentment = 2).  However, notably, 

participants experienced significantly more amusement than any other emotion in 

the amusement condition. 

Compared with the neutral state, participants reported significantly lower 

levels of anger, anxiety, fear and sadness during the amusement compared with the 

neutral condition.  In terms of other affect related states, participants reported 

significantly more interest, motivation and energy as well as less sleepiness and 

boredom in the amusement compared with the neutral condition.   
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Overall the emotion manipulation appeared to be effective, with participants 

experiencing more amusement in the amusement condition compared with the 

neutral condition, and more amusement than any other emotion in the amusement 

condition.  However, an individual level analysis showed that 10 participants 

reported feeling no more amused in the amusement condition than in the neutral 

condition (i.e. reported the same level of amusement in the amusement condition 

and the neutral condition).  These participants were excluded from further data 

analysis.  Thus, a sample size of 50 was used in the subsequent analyses (Table 7.1). 

These participants had amusement scores that were at least one point higher in the 

amusement condition compared with the neutral condition.  Twenty five 

participants experienced the amusement condition followed by the neutral 

condition, while the other twenty five experienced both conditions in the opposite 

order.  There was no effect of order on the level of amusement reported in the 

amusement condition, z = .08, p =.28. 
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Table 7.1:  Mean emotions reported in the amusement and neutral condition.   

z-scores are based on the Wilcoxon signed rank test (N=50) 

Effect size

Amusement Neutral n z r Sign. 2-tailed

Positive emotion

Amusement

Mean 4.72 1.46 50 -6.18 -0.87 p <.001***

SD 1.77 1.51

Contentment

Mean 3.38 2.41 49 -3.57 -0.51 p <.001***

SD 1.63 1.74

Happiness

Mean 3.64 1.98 50 -5.54 -0.78 p <.001**

SD 1.94 1.67

Serenity

Mean 3.12 2.62 50 -2.05 -0.29 p <.05*

SD 1.94 2.17

Negative emotion

Anger

Mean 0.3 1.00 50 -3.26 -0.46 p <.01**

SD 0.65 1.64

Anxiety

Mean 0.78 1.16 50 -1.81 -0.26 p =.07

SD 1.18 1.81

Fear

Mean 0.08 0.34 50 -2.16 -0.30 p<0.05*

SD 0.27 1.00

Sadness

Mean 0.22 0.62 50 -2.04 -0.29 p<0.05*

SD 0.62 1.32

Disgust

Mean 0.14 0.20 50 -0.49 -0.07 p =.06

SD 0.50 0.64

Condition

 

Note:  Effect size r:  z/sqrt(N), as per  Field (2005, p. 541) 
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7.3.4 Amusement and the alerting network 

The efficiency of the alerting network is assessed by subtracting reaction 

times in the double cue condition from RTs in the no cue condition (See Chap. 4).  

Higher alerting scores suggest faster or more efficient mobilisation of attentional 

resources in response to an impending stimulus.  There was no significant 

difference in alerting in the amusement condition (M = 47.87, SE = 4.49) compared 

with the neutral condition (M = 39.18, SD = 4.50), t (49) = 1.4, p = .17.  An effect size 

calculation showed that differences in alerting scores in the amusement and neutral 

condition represented a small effect,  d = .2 (Table 7.2). 

A 2 x 2 way ANOVA was conducted to examine alerting in more detail with 

both emotion condition (neutral, amusement) and cue type (no cue, double cue) as 

within-subjects factors.  As expected there was a main effect of cue, F(1, 49)=178.60, 

p < .001.  Participants were significantly faster in responding to targets preceded by 

a double cue (M = 580.43, SE = 12.62), in comparison to uncued targets (M = 623.96, 

SE = 13.69).  There was no effect of emotion condition (amusement v. neutral) on 

overall RTs, F < 1; RTs in the amusement condition (M =599.53, SE =13.94) were not 

significantly different from RTs in the neutral condition (M =604.86, SE = 13.94).  

Reflecting the t-test results, a significant interaction between emotion condition and 

cue was not found: F (1, 49) = 1.97, p = .167, indicating that emotion did not 

differentially influence alerting. 

Intrinsic alerting was assessed by comparing RT scores to uncued targets (i.e. 

the no-cue condition) in both the neutral and amusement condition.  A paired 

samples t-test revealed no significant differences in RTs to uncued targets in the 

amusement (M = 623.46, SE = 14.05) compared with the neutral condition 

(M = 624.45, SE = 14.26), indicating that amusement did not differentially influence 

intrinsic alerting in comparison to a neutral baseline.   
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Table 7.2:  Attention network scores (N=50) 

Attention Neutral Amusement Difference Sign.

networks (msec) (msec) (msec) Cohens d t 2-tail (p)

Alerting

Mean 39.18 47.87 8.69 .20 1.40 0.17

SD 31.80 31.77

Orienting

Mean 63.24 61.00 -2.24 .05 -0.35 0.73

SD 40.44 36.11

Executive

Mean 105.05 104.84 -0.21 .01 -0.04 0.97

SD 54.74 41.35

 

 

 

Table 7.3:  Mean of median reaction times by cue and flanker condition (N=50) 

Condition

Mean SD Mean SD

Flanker type

Neutral 546 89 543 81

Congruent 563 92 552 89

Incongruent 668 119 657 108

Cue Type

No 624 101 623 99

Double 585 99 576 88

Centre 599 104 590 99

Spatial 536 92 529 88

Neutral Amusement

 

 

7.3.5 Amusement and the orienting network 

The efficiency of the orienting network is assessed by subtracting RTs in the 

centre cue condition from RTs in the spatial cue condition.  By comparing RTs to a 

target that is preceded by a central cue with RTs to a target preceded by a spatial 

cue, the time it takes to covertly orient attention from a central to a spatial cue can 

be assessed.  There was no significant difference in orienting in the amusement 

condition (M = 61.0, SE = 5.11) compared with the neutral condition (M = 63.24, 

SE = 5.71), t (49) = .35, p =.73.  
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A 2 x 2 way repeated measures ANOVA was conducted to examine this in 

more detail with both emotion condition (neutral, amusement) and cue type (centre 

cue, spatial cue) as within-subjects factors.  As expected, there was a main effect of 

cue type, F(1, 49) =202.64, p < .001.  Participants were significantly faster in 

responding to targets preceded by a spatial cue (M = 532.51, SE = 12.28), in 

comparison to a centrally located target (M = 594.63, SE = 13.86).  There was no 

effect of emotion on RTs, F(1, 49) = 1.55, p = .22.  A significant interaction between 

emotion condition and cue was not found: F(1, 49) = .121, p = .73, reflecting the t-test 

results. 

 

7.3.6 Amusement and the executive attention network 

The efficiency of the executive attention network is assessed by subtracting 

RTs to targets flanked by incongruent targets from RTs to targets flanked by 

congruent targets.  Participants generally take longer to respond to targets that are 

flanked by incongruent information.  This increase in RT on incongruent trials 

represents the costs associated with inhibiting the irrelevant flanker information.  

Higher executive attention scores (costs) suggest increased scope of attention and 

impaired inhibition of irrelevant information.  Lower scores suggest attentional 

narrowing and enhanced inhibition.  There was no significant difference in 

executive attention costs in the amusement condition, t(49) = .04, p = .97.   

A 2 x 2 way repeated measures ANOVA was conducted to examine this in 

more detail with both emotion condition (neutral, amusement) and flanker type 

(incongruent, congruent) as within-subjects factors.  As expected, there was a main 

effect of flanker, F(1, 49) = 271.59, p < .001.  Participants took significantly longer to 

respond on incongruent trials (M = 662.42, SE = 15.55) compared with congruent 

trials (M = 557.48, SE = 12.45).  There was a non-significant trend towards an effect 

of emotion on reaction times, F(1,49) = 2.43, p = .125.  Mean RTs in the amusement 

condition (M = 559.72, SE =12.98) were faster than mean RTs in the neutral 

condition (M =567.42, SE =13.57).  However, a significant interaction between 

emotion condition and flanker was not found: F(1,49) = .002, p = .97. 
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7.3.7 Error analysis 

The Wilcoxon signed rank test revealed that there was no difference in the 

total number of errors in the amusement compared with the neutral condition, 

z =  .353, p = .724.  Total errors in the amusement condition (M = 2.97, SD = 2.12) 

were not significantly different from total errors in the neutral condition (M = 2.63, 

SD = 1.93).  As reaction time is the most important dependent variable in the 

analysis of attention network efficiencies, and the error rate is so small (1.5% of all 

trials), errors were not examined in further detail3.   

 
 

7.3.8 Personality, baseline mood and attention network efficiency 

Attention network scores were correlated with each of the personality and 

baseline mood variables (Table 7.4).  A marginally significant positive correlation 

was found between extraversion and alerting, r =.24, p =.06.  However, once a 

Bonferroni correction is applied, the correlation is no longer marginally significant. 

Correlations between baseline mood states and attention network 

performance were also examined.  A significant positive correlation was found 

between joviality and alerting scores, rs= .32, p = .013.  The joviality scale was 

assessed by 8 items - happy, joyful, delighted, cheerful, excited, enthusiastic, lively, 

energetic as part of the PANAS-X, before participants performed the attention 

network test.  However, given the large number of exploratory correlations4, this 

effect did not survive the Bonferroni correction.  No other correlations between 

baseline mood state and attention networks were found.  

 

    

                                                 
3 Errors are examined in all experiments in this thesis, however, as RT is the main dependent 
variable, errors are not generally discussed unless they result in a significant difference 
between the experimental conditions.  
4 The PANAS-X consists of 9 sub-scales:  two general affect scales (PA and NA), three 
positive emotion scales (Joviality, Self-Assurance and Attentiveness) as well as four negative 
emotion scales (Fear, Hostility, Guilt and Sadness). 
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Table 7.4:  Correlations (2-tailed) between attention network scores, personality and 

baseline mood 

Alerting Orienting Executive

Personality

Extraversion r .24 .19 -.07

p .06 .16 .62

Neuroticism r -.04 -.04 .16

p p -.04 .74 .24

Agreeableness r .15 .01 -.13

p p .27 .96 .33

Conscientiousness r .02 -.07 -.01

p p .90 .61 .95

Openess r .15 .11 -.04

p p .25 .42 .76

Baseline Mood

Positive Affect (PA) r s .18 -.02 -.12

p p .16 .85 .34

Negative Affect (NA) r s .07 -.05 .04

p p .61 .69 .78

 

 
 

7.3.9 Age, gender and attention network efficiency  

Executive attention costs were positively correlated with age, rs=.26, p =.05, 

suggesting that costs associated with inhibiting irrelevant information increase with 

age.  There were no significant correlations between age and orienting or age and 

alerting.   

Females had significantly higher executive attention costs compared with 

males, t(58) = 2.01, p =.05.  Females also showed a non-significant trend towards 

higher alerting, t(58) = 1.84, p =.07, and orienting scores, t(58) = 1.91, p = .06,  than 

males, suggesting that females benefited more than did males in from the double 

cue and spatial cues. 
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7.4 Discussion 

In this experiment, amusement elicited by a film clip and cartoons had no 

effect on alerting, orienting and executive attention, in comparison to a neutral 

baseline state.   

The primary hypothesis that amusement would increase executive attention 

costs in comparison to a neutral condition was not supported.  This contrasts with 

Fredrickson and Branigan (2005) who found that amused participants showed 

evidence of a greater global visual processing bias indicating broadened attention.  

It also contrasts with Rowe et al. (2007) who reported that happy music impaired 

selective attention, in comparison to a neutral condition.   

A second hypothesis, that amusement would facilitate orienting, was not 

supported.  Specifically, in the present study, amusement did not facilitate covert 

exogenous orienting from a central location to a spatially cued location.  Thus, the 

possibility that broadening might result from more rapid covert orienting did not 

find support.  Furthermore, there were no significant associations between 

personality variables or baseline mood levels and the efficiency of the orienting 

network.  It remains possible that positive affective states such as amusement 

facilitate overt orienting of attention to positively valenced stimuli as indirectly 

examined by Wadlinger and Issacowitz (2006), but that positive affective states have 

no influence on covert attentional orienting.  Further studies are required before 

stronger claims about emotionality and covert orienting can be made. 

The effect of amusement on alerting attention was explored.  Alerting scores 

were no different in the amusement condition compared to the baseline.  However, 

a post-hoc effect size calculation revealed a small effect size (d = .2) relating to the 

difference in alerting in both conditions.   A power calculation (using G-Power 

version 3.0) revealed that the present study did not have enough power to detect an 

effect size 0.2.  Interestingly, alerting was also correlated with baseline levels of 

joviality as assessed by the PANAS-X joviality scale.  This suggests that increased 

levels of joviality are associated with increased readiness to respond to an 

impending target.  This may be underpinned by links between high levels of 

positive emotionality and approach behaviours.  However, the effect was no longer 

significant once a Bonferroni correction was applied, and the effect of amusement 
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and joviality on alerting remains inconclusive; it is possible that amusement has a 

facilitatory effect on phasic alerting – however, a larger sample size would be 

required to test this. 

A marginally significant correlation was found between extraversion and 

alerting.  However, this finding will need to be replicated, in particular given that 

the correlation is only marginally significant and disappears once a Bonferroni 

correction is applied.  Nonetheless, a significant positive correlation between 

extraversion and alerting would suggest that people higher in extraversion are 

faster to mobilise their attentional resources in response to an impending stimulus.   

One possibility that might explain the lack of support for the broadening 

hypothesis is that the emotion manipulation was not effective.  Other researchers 

have found it difficult to elicit positive emotional states in the lab and have 

suggested that this is why they have not found evidence of positive emotions and 

broadened attentional focus in comparison to a neutral baseline  (e.g. Gasper, 2004; 

Gasper & Clore, 2002; Walton, 2003).  However, in these aforementioned studies, 

self-report data showed that participants did not feel significantly more positive 

following the positive manipulation.  In contrast, in the present study, self-reports 

showed that the level of amusement was significantly higher during the amusement 

condition compared with the neutral condition.  Furthermore, ten participants who 

did not report higher levels of amusement in amusement condition were removed 

from the analysis in order to increase the likelihood that amusement was actually 

experienced in the experimental condition.  However, given the duration of the 

attention task (12-15 minutes per condition) and the fact that it is fairly tedious in 

nature, it is possible that the effect of amusement became diluted over time. The 

inclusion of cartoons periodically as participants performed the task reduces this 

possibility.  Nonetheless, it remains possible that high levels of amusement were 

only experienced by participants at certain time points (e.g. in response to a 

particularly funny cartoon) and not during the task as a whole.  Thus, in further 

studies, it may be preferable to reduce to the total time performing the attention 

network task, thus reducing the possibility that the duration and tedious nature of 

the task might dilute the effectiveness of the emotion manipulation.   
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7.5 Conclusion 

In Experiment 1, the experience of amusement did not differentially 

influence alerting, orienting or executive attention in comparison to a neutral non-

emotional condition.  In particular, support for the hypothesis that positive 

emotions, specifically amusement, broadens attention, was not found.  Neither was 

any evidence found for a statistically significant link between amusement and 

orienting or alerting.  This suggests that amusement does not influence alerting, 

orienting or executive attention, at least in context of neutrally valenced targets.  It 

may be that some positive emotions – joy or happiness, but not others 

(e.g. amusement) influence attention. 

However, some methodological issues may have influenced the lack of 

significant findings in this first experiment.  For instance, the small effect size 

reflecting the effect of amusement on alerting suggests that a larger sample size may 

have resulted in a significant effect of amusement on alerting attention.  Another 

possibility is that the task was too long and that the amusement elicited in the 

positive emotion condition was not maintained throughout the task.  It is possible 

that by reducing the duration of task performance in future studies, that the effects 

of the emotion manipulation will be stronger.   

 In the next chapter, the effect of happiness on attention networks is 

examined, a between-subjects design will be used so that the overall task is shorter, 

thus reducing the possibility of boredom and emotion dilution in each condition.
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8.0 Chapter Overview 

Experiment 2 examines the effect of happiness and sadness on alerting, 

orienting and executive attention in comparison to a neutral baseline condition.  A 

between-subjects design is used.  This reduces the total task duration, diminishing 

the possibility that the induced emotional experience will be diluted over time.  The 

effect of sadness on attention networks is also examined. 

 

8.1 Introduction 

In Experiment 1, the effect of amusement on attentional networks was 

investigated.  In contrast to the predictions based on the broaden-and-build theory 

of positive emotion, no evidence was found for attentional broadening during the 

amusement condition.  This suggests that amusement does not broaden attention, at 

least in context of neutrally valenced stimuli.  Alternatively, it may be that in 

Experiment 1 the emotion manipulation was not intense enough to influence 

executive attention.  In the current experiment, a between subjects design is used.  

Although this increases the unsystematic error in each condition, the between-

subjects design means that each participant experiences only one emotion condition, 

thus increasing the likelihood that the target emotional state will be maintained 

throughout the task.   

Given that some positive emotions might result in attentional broadening, 

the present experiment examines the effect of another positive emotion – happiness 

- on attention.  Additionally, as the broaden-and-build theory proposes that 

negative emotions have the opposite effect of positive emotions, the effect of a 

negative emotion (sadness) on attention, is also investigated. 
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Some studies have failed to find an effect of positive emotion on scope of 

attention.  For instance, Wadlinger and Issacowitz (2006) reported an effect of 

positive affect on scope of attention, but only in context of highly positive emotional 

stimuli.  Similarly, Tamir and Robinson (2007) found that positive mood was 

associated with selective attention, but only for rewarding as opposed to non-

rewarding positive stimuli.  Finucane and Whiteman  (2007) examined the effect of 

positive emotions induced by massage therapy on scope of attention; although 

massage therapy successfully elicited positive emotions in comparison to a neutral 

baseline, participants did not experience a broadened scope of attention as assessed 

by the global-local task.  Furthermore, in experiment 1, there was no effect of 

amusement on executive attention costs.  Despite these findings, given the 

prevalence of the broaden-and-build theory, it is tentatively hypothesized that 

happiness will increase executive attention costs.  This prediction is based on the 

broaden-and-build theory, and the empirical studies of Fredrickson and Branigan 

(2005) and Rowe et al. (2007), who found that amusement and happiness 

respectively broaden attention, thus impairing selective or executive attention.  

Broadened attention should increase the costs associated with inhibiting the 

influence of incongruent distracter information (i.e. incongruent arrows) as 

participants are performing the ANT.    

In line with the broaden-and-build theory which posits that negative 

emotions narrow scope of attention, it is predicted that sadness will reduce 

executive attention costs.  This attentional narrowing should enhance selective 

attention, reduce interference from irrelevant non-target information, and thus 

reduce executive attention costs in the emotional ANT.  To date, evidence for a link 

between sadness and attentional narrowing is limited.  In two global-local studies, 

sadness was found to reduce global visual processing in comparison to happiness, 

suggesting narrowed attentional focus and enhanced executive attention in sadness 

(Gasper, 2004; Gasper & Clore, 2002).  However, in the Gasper (2004) study, this was 

only the case when sadness was seen as being relevant to the task at hand.  Neither 

Frederickson and Branigan (2005) or Rowe et al. (2007) found an effect of negative 

emotions on attentional narrowing.  Frederickson and Branigan suggested that their 

8-item version of the global-local task used may not have been sensitive enough to 

reveal the narrowing effect.  Rowe et al. (2007) used a flanker task, which is a more 
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sensitive and widely used measure of selective attention, but found no evidence that 

sadness narrows attention as proposed by the broaden-and-build theory.  However, 

they suggested that this may have been due to the mixed feeling states induced by 

music.  The current experiment aims to add to the empirical data in this area in an 

attempt to determine whether or not sadness facilitates, or has no influence on 

executive attention costs. 

It is tentatively hypothesized that sadness will impair orienting.  Few studies 

have examined the effect of lab induced sadness on attentional orienting to non-

valenced stimuli, so there is little previous work from which a hypothesis can be 

drawn.  Research on attentional orienting has focused on orienting to or from 

valenced (in particular threatening) stimuli.  Furthermore, most studies on 

attentional orienting are concerned with attentional orienting in anxious or 

depressed individuals.  Based on motivational accounts of emotion, which suggest 

that negative emotions are associated with withdrawal and escape (Bradley et al., 

2001), it is tentatively hypothesized that sadness will slow orienting, thus 

participants in the sad condition will be slower to shift their attention in comparison 

to those in the neutral or happy condition.  In relation to happiness and orienting, 

based on the Experiment 1 results, it is hypothesized that happiness will have no 

effect on orienting. 

There is very little available evidence on the relationship between alerting 

and emotion or mood states.  In a study of positive affect and attention, Compton et 

al. (2004) did not find an association between alerting and self-reported positive 

affect based on current mood.  However, there have been no studies of induced 

discrete positive emotions and the alerting network to date.  Based on the small to 

medium sized effect found in Experiment 1, it is predicted that happiness will 

increase alerting – that is, happy participants will show enhanced readiness to 

response to an impending target.  This prediction is partly based on evidence that 

positive emotions such as happiness are associated with approach behaviours 

(Bradley et al., 2001), and thus, happy participants may show increased readiness to 

mobilise their attentional resources in response to an external target, than will sad 

participants or those in a baseline non-emotional state.  

No clear hypothesis is proposed in relation to sadness and alerting.  On the 

one hand, in line with the association between sadness and withdrawal behaviours, 
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it seems plausible that sadness would slow an individual’s readiness to respond to 

an impending stimulus, and thus reduce phasic alertness in comparison to a happy 

or baseline condition.  On the other hand,   Compton, Wirtz, Pajoumand, Claus, & 

Heller  (2004) reported a significant correlation between negative affect (NA) and 

alerting (r= 0.27) at stimulus onset asynchronies (SOAs) of 500 ms suggesting that 

negative affect is associated with increased readiness to respond to a target 

following a cue.  However, in their study, Negative Affect (NA) was based on 

participant’s responses to the Profile of Mood States (POMS) questionnaire and was 

composed of items such as anxiety, depression, anger, fatigue and confusion – as 

opposed to the distinct emotion of sadness experienced at a particular moment in 

time.  Given that NA in the Compton study did not clearly related to sadness, and 

lack of other empirical data, no prediction is made in relation to sadness and 

alerting 

 

8.1.1 Intrinsic alertness  

Although intrinsic alertness is not one of the three attentional networks 

explicitly described by Posner and colleagues (Fan et al., 2002; Posner & Rothbart, 

2007), it is closely related to phasic alerting.  In contrast to goal related preparedness 

assessed by phasic alerting, intrinsic alerting is associated with general non-specific 

excitability (Raz & Buhle, 2006; Sturm & Willmes, 2001).  Typically, tasks that have 

been used to assess intrinsic alertness are simple reaction time measures of 

responses to stimuli that are not preceded by a warning cue.  There is some 

evidence for a link between negative emotions and reduced alertness.  Pereira, 

Volchan, de Souza et al. (2006) found that, in comparison to a control condition, 

response times in a simple target detection task were significantly slower for 

participants who were presented with negatively valenced images between trials.  

In contrast, reaction times were faster when participants were presented with 

pleasant images.  The authors suggested that slowed reaction times were consistent 

with the experience of a defensive emotional state in response to viewing the 

negative stimuli.  In a related clinical study, medication-free depressed patients did 

not differ from an age-matched control group on alerting and orienting;  however  

they did have slower overall response times suggesting reduced intrinsic alertness 
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(Pardo, Pardo, Humes, & Posner, 2006).  The question of whether specific emotions 

such as happiness and sadness differentially influence intrinsic alerting has not been 

sufficiently examined in previous research.  In the current study it was 

hypothesized that sad participants would have slower reaction times for uncued 

targets compared with participants in the control and happy conditions, reflecting a 

reduction in intrinsic alertness associated with the experience of sadness. 

 

8.1.2 Hypotheses 

To summarise, it is hypothesized that: 

 
• Happiness will increase executive attention costs:  This reflects the 

broaden-and-build theory prediction that positive emotions broaden 

attention and should therefore increase executive attention costs. 

• Happiness will have no effect on orienting: This is based on 

Experiment 1 findings of no effect of amusement on orienting. 

• Happiness will increase alerting:  This is based on theoretical 

perspectives suggesting that a link between happiness and approach-

related behaviours, which may result in increased readiness to 

respond to an impending external stimulus as assessed by alerting.  

This is also based on a small but non-significant effect of amusement 

on alerting in Experiment 1. 

• Sadness will reduce executive attention costs: Despite mixed evidence, 

this prediction is based on the broaden-and-build which suggests that 

negative emotions narrow scope of attention. 

• Sadness will reduce intrinsic alertness: This prediction is based on 

previous findings that negative images slow overall reaction times, 

and that depressed individuals have slower RTs compared with non-

depressed individuals on an attention task. 
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• It is tentatively hypothesized that sadness will impair attentional 

orienting, and no prediction is made in relation to sadness and 

alerting. 

 
 

8.2 Method 

 

8.2.1 Design 

A between-subjects design was used.  Participants were randomly assigned 

to the happy, sad or control condition on arrival.  The first participant and every 

third participant thereafter experienced the happy condition; the second participant 

and every third participant thereafter experienced the neutral condition, while the 

third participant and every third participant thereafter experienced the sad 

condition.  The target emotions were elicited in participants by presenting them 

with happy, sad or neutral IAPS images at regular intervals between ANT trials.   

 

8.2.2 Participants  

One hundred and eighty individuals took part.  The sample consisted of 122 

females (68%) and 58 males (32%) with a mean age of 23.3 (SD = 3.8 yrs).  

Participants were recruited through the Edinburgh University Careers website and 

were paid £4 for taking part.  64% of participants were European, 25% were Asian, 

10% were from the United States or Canada and 1% was African.   

 

8.2.3 Emotion induction materials 

Images from the International Affective Picture System (IAPS) were used to 

elicit happiness, sadness or a non-emotional state in participants (Lang et al., 2005).  

Although the standard set of  IAPS images have been scored in terms of valence and 

arousal, Mikels et al. (2005) subsequently examined a subset of these images in an 

attempt to identify images which can be used to elicit discrete emotional states (as 
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opposed to positive or negative affect in general).  In the present study, images 

previously found by Mikels et al. (2005) to elicit sadness were presented to 

participants in the sad condition (For further details, See Chapter 5, Section 5.1.5).  

These images included crying children, frail elderly people and images of pollution 

and destruction (Fig. 8.1).  In the happy condition, as not enough IAPS images 

eliciting discrete positive emotions were identified by Mikels et al., the images 

eliciting both discrete and blends of positive emotions were used in the “happy” 

condition.  These included pictures of babies, friends and cute animals (Fig. 8.3).  In 

the neutral condition, participants were exposed to neutrally valenced stimuli such 

as emotionally neutral faces and images of neutral scenes (Fig. 8.2). 

In the three conditions, based on the standardised ratings for each image in 

the IAPS image set, mean pleasure scores for the images used were: 7.66 (happy), 

4.96 (neutral) and 2.45 (sad) conditions.  Mean arousal scores were 4.74 (happy), 3.13 

(neutral) and 5.26 (sad) conditions (Table 8.1). 
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Fig. 8.1:  Examples of IAPS images in the sad condition 
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Fig. 8.2:  Examples of IAPS images in the neutral condition 
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Fig. 8.3: Examples of images in the happy condition 
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8.2.4 Self-report measures 

8.2.4.1 PANAS 

The PANAS-X (Watson & Clark, 1994b) was used to assess participant’s 

baseline level of positive affect (PA) and negative affect (NA).  (See Methods, 

Chapter 7). 

 

8.2.4.2 Emotion manipulation check 

During the attention task, participants rated the extent to which they 

experienced five emotions - happiness, sadness, fear, anger and disgust - on a 9-

point scale where ‘0’ represented “none at all” and ‘8’ represented “a great deal”.  

The five emotion scales were presented in random order on the computer monitor.  

Participants responded by pressing the appropriate number key, representing the 

extent to which they experienced each emotion, when each emotion word and 

emotion rating scale appeared on screen. 

 

8.2.5 Modified Attention Network Test (ANT) 

Participants performed a modified version of the Attention Network Test 

presented via E-PRIME on a 17 inch monitor as described in Experiment 1 (Chap. 7).  

There were three main differences in the ANT task used in the present study: (i) 

IAPS images were presented between trials instead of cartoons or scrambled 

cartoons.  (ii) Trials consisting of neutral flankers were not included in order to 

reduce overall task time.  Neutral flanker trials are not used in the calculation of 

attention network scores and are therefore unnecessary.  (iii) Trials associated with a 

double cue were excluded.  The centre cue condition is sometimes used instead of 

the double cue condition in calculating the alerting score in order to reduce the total 

number of trials.  Both the double cue and the centre cue indicate that the target is 

about to appear (temporal information) but not where it will appear.  Both cue types 

have been used to assess phasic alerting in previous studies (e.g. Fan et al., 2005; 
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Sturm & Willmes, 2001)5.  Omitting neutral flanker trials and double cue trials 

increases the likelihood that the induced emotion state will be maintained while the 

participants performed the attention network trials.    

Participants performed 144 trials in total.  One of three cue condition 

occurred prior to the target appearing (48 no cue, 48 centre cue, 48 spatial cue).  

Each target was surrounded by congruent or incongruent flankers (72 congruent, 72 

incongruent).   These were spread across two blocks, each containing 72 trials 

presented in random order.  The first trial in each block and every sixth trial after 

this was preceded by an IAPS image.  Each image appeared on screen for 6 seconds 

and was followed by six ANT trials.  On completion of each block of 72 trials during 

which participants viewed twelve IAPS pictures, participants were asked to rate 

overall how much happiness, sadness, fear, anger and disgust they experienced 

when viewing the images during the  block. 

In advance of performing the ANT, participants were presented with on-

screen instructions.  They were informed that the target in each trial would be a 

centrally located arrow surrounded by two arrows on each side.  Their goal was to 

identify the direction of the centrally located arrow as quickly as possible.  

Participants were also informed that various cues would appear in advance of the 

target and would in some cases indicate where the target was about to appear.  The 

instructions also informed participants that they would see a set of photographic 

images between ANT trials, and advised them that during the task they would be 

required to rate how they felt during the previous block of trials (Appendix C).    

 

8.2.6 Cartoon Task 

 On completion of the ANT, participants rated how funny they found ten 

cartoons on a scale from 0 (not funny at all) to 10 (very funny).  The goal of the 

cartoon task was mood repair for those in the sad condition. 

 

                                                 
5 The double cue tends to keep attention diffused across both areas in which the target may 
appear.  The centre cue also acts an alerting cue, but encourages attentional orienting to the 
central location.   
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8.2.7 Procedure 

On arrival participants completed the PANAS-X.  Next they carried out the 

modified ANT individually in a quiet cubicle.  Participants sat approximately 60 cm 

viewing distance from a 17 inch screen and were instructed to respond as quickly 

and accurately as possible.  After a practice consisting of 24 trials, participants 

carried out the ANT.  Participants in the happy condition viewed the positive 

images between trials; those in the sad condition viewed sad images between trials 

while participants in the neutral condition viewed neutral images.   

On completion of each block of 72 trials (i.e. mid-way through the task and 

on completion of the task) participants were asked to rate the greatest amount of 

happiness, sadness, fear, anger and disgust they experienced when they were 

viewing the images.  Each emotion word was presented in random order on screen 

and participants responded by selecting the relevant number (from 0 to 8) on the 

keyboard, indicating how much emotion they experienced.  Finally, participants 

carried out the cartoon task.  In total the experiment took approximately 40 minutes. 

 
 

8.3 Results 

8.3.1 Data analysis 

 Results from one participant were removed from the analyses due to 

excessive numbers of errors (>20%).  Trials with errors were discarded from the 

reaction time analysis.  Median reaction times (RTs) for cue type (cue: no, centre, 

spatial) and flanker type (congruent, incongruent) were calculated for each 

participant.  Attention network scores were calculated as follows: 

 

� Alerting:  median RT (no cue ) – median RT (centre cue) 

� Orienting:  median RT (centre cue) – median RT (spatial cue) 

� Executive attention costs:  median RT (incongruent flankers) – median RT 

(congruent flankers) 
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The intrinsic alertness score was based on RTs to all uncued trials, i.e. 

median RT (no cue). 

 
 

8.3.2 Overall ANT data   

Initially a 2 (Flanker: congruent, incongruent) x 3 (Cue: no cue, centre, 

spatial) way repeated measures ANOVA was carried out on all RTs, irrespective of 

emotion condition, in order to compare the overall pattern of results with that 

reported originally by Fan et al. (2002).  In line with Fan et al.’s (2002) original study, 

and Experiment 1, the overall data revealed a significant main effect for flanker, 

F(1, 178) = 786.73, p < .001).  RTs for incongruent trials were significantly slower 

than for congruent trials, reflecting the time costs associated with inhibiting 

irrelevant information on incongruent trials.  As expected, there was also a main 

effect for cue, F (1.9, 344) = 780.86, p < .001).  Pairwise comparisons revealed that 

reaction times were fastest in the spatial cue condition and slowest when no cue was 

presented in advance of the target (Fig. 8.4).  

 

 

Fig. 8.4: Overall cue and flanker data, irrespective of emotion condition 

RT by cue and flanker type (N =121)
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8.3.3 Emotion manipulation 

As it is vital that participants in each condition actually experienced the 

target emotion relevant to that condition, participants were retained in the happy 

and sad conditions if their self-reported emotion experience during picture viewing 

coincided with the target emotion for the condition to which they were assigned.  

Participants in the happy condition were included in the analysis if their self-

reported score for “happy” was above the median “happy” score for all participants 

in the happy condition.  Similarly, participants in the sad group were included in 

the analysis if their self-reported “sadness” during picture viewing was greater than 

or equal to the median sadness score for all participants in the sadness condition.  

This approach has been used previously to ensure that the groups that were being 

compared differed in terms of emotional experience during the task (Bower, 

Monteiro, & Gilligan, 1978; Storbeck & Clore, 2005).   

This resulted in a final sample of 121 participants:  60 in the neutral 

condition, 30 in the happy condition and 31 in the sad condition.  A chi-square 

analysis showed that there was no association between condition and gender, phi = 

0.1, p =.47, indicating that males and females were distributed proportionately 

across each of the three conditions.  The resulting groups were characterised by 

significantly different levels of happiness and sadness (see Table 8.2).  

Due to the non-normal nature of the emotion report data, the Kruskal-Wallis 

test was used to compare happiness and sadness reported in the happy, sad and 

neutral conditions.   Happiness reports differed significantly across the three 

conditions, H(2) = 89.31, p <.001.  The Mann-Whitney test was used to compare 

emotions reported in the experimental conditions compared with the neutral 

condition.  Median happiness in the happy condition was significantly higher than 

happiness in the sad condition, U = 46.50, p <.001 or the neutral condition, U = 45.00, 

p < .001.  Sadness also differed significantly across the three conditions, H(2) = 71.86, 

p <.001.  Median sadness reported in the sadness condition was significantly higher 

than reported sadness in the happy condition, U = 0, p <.001 or neutral condition, U 

= 33, p <.001 (Table 8.2).  
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Table 8.2:  Mean emotion scores reported during the ANT 

Neutral Happy Sad

Emotion (n =60) (n =30) (n =31)

Happiness Mean 2.95 6.43 0.39

SD 1.69 0.51 0.57

Mdn 3.00 6.33 0.33

Sadness Mean 1.54 0.53 6.46

SD 1.64 0.69 0.85

Mdn 1.17 0.33 6.33

Anger Mean 0.48 0.11 3.45

SD 0.97 0.31 2.02

Mdn 0.00 0.00 3.67

Disgust Mean 0.67 0.46 3.67

SD 0.98 0.79 2.48

Mdn 0.33 0.00 3.67

Fear Mean 0.67 0.17 3.58

SD 1.14 0.29 2.15

Mdn 0.00 0.00 3.67

 

 

 

In the analysis of emotion and attention network efficiency that follows, both 

one-way ANOVA’s and factorial ANOVA tests are employed.  The one-way 

ANOVA directly compares alerting, orienting and executive attention scores by 

emotion condition.  The factorial ANOVA provides the same information, but at a 

more detailed level of analysis as it examines RTs by each cue and flanker type.  In 

the factorial ANOVA analysis, it is the interaction effect that is of primary interest. 

 

8.3.4 The effect of happiness and sadness on alerting 

The alerting effect was calculated for each participant by subtracting median 

reaction time for no cue trials (baseline) compared with the centre cue trials, 

irrespective of flanker type.  A one-way ANOVA with alerting scores as the 

dependent variable and emotion condition (neutral, happy, sad)  as the independent 
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variable revealed no differences in alerting in the happy, sad and neutral conditions, 

F(2, 118) = 0.68, p = .51 (Table 8.3).   

To assess the effect of emotion in more detail,  a 3 x 2 way mixed ANOVA 

was carried out with emotion (neutral, happy, sad) as a between-subjects factor and 

cue (no cue or centre cue) as a within-subjects factor.  As expected, the results 

revealed a main effect of cue, F(1, 118) = 95.35, p < .001 in line with the general 

finding that participants are faster to respond when the target is preceded by a cue 

(M = 6.33,  SE = 7.93) compared with no cue (M = 659.74,  SE = 8.49).  There was no 

interaction between emotion and cue reflecting no differences in alerting for 

participants in the happy, sad and neutral conditions. 

There was however, a main effect of emotion on overall reaction times, 

F(2, 118) = 4.08, p = .02.  Gabriel’s pairwise test procedure was used to compare RTs 

in the happy, sad and neutral conditions.  This procedure is suitable in situations in 

which sample sizes are different in each condition (Field, 2005).   Pairwise 

comparisons showed that sad participants had significantly slower RTs (M = 679.12, 

SE = 15.22) than happy participants (M = 616.28, SE = 15.47), and there was a 

marginal effect of slower RTs for sad participants compared with those in the 

neutral condition (M = 644.71, SE = 10.94). 

 

Table 8.3: Attention network scores by emotion condition 

 M SD M SD M SD M SD

No 660 90 628 62 691 107 660 91

Centre 629 81 604 65 665 100 632 85

Alerting 31 27 24 26 26 33 28 29

Centre 629 81 604 65 665 100 632 85

Spatial 570 84 537 59 610 101 572 87

Orienting 59 31 67 37 55 27 60 31

Incongruent 670 92 638 65 712 125 673 99

Congruent 564 78 543 59 600 85 568 78

Executive 105 39 95 45 113 66 105 49

Neutral (N =60) Happy (N =30) Sad (N =31) Total (N =121)

 
 
 

8.3.5 The effect of happiness and sadness on orienting 

The orienting effect was calculated for each participant by subtracting each 

participant’s median reaction time for spatially cued trials from their median 

reaction times for the centre cue (baseline) trials.  Both the centre and the spatial cue 
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serve as a form of alerting cue, but the spatial cue provides information about the 

location of the target and automatically draws the participant’s attention to the 

target location before the target appears.  The difference between both scores reflects 

the time required to covertly orient attention from the central to the spatial location.  

A one-way ANOVA with orienting scores as the dependent variable and emotion 

condition as the independent variable revealed no differences in orienting in the 

happy, sad and neutral conditions, F(2, 118) = 1.12, p =.31.   

A three-by-two way mixed ANOVA was carried out with emotion (neutral, 

happy, sad) as a between-subjects factor and cue (centre cue or spatial cue) as a 

within subjects factor.  The results revealed a main effect of cue, F(1, 118) = 403.33, 

p <.001 supporting the general finding that participants are faster to respond when 

the target is preceded by a cue that indicates when and where the target will appear  

(M = 572.66, SE = 7.99) compared with temporal cue alone (M = 633.01,  SE = 7.93).  

There was no interaction between emotion and cue, reflecting the one-way ANOVA 

findings that there were no differences in orienting for participants in the happy, 

sad and neutral conditions.    

A main effect of emotion on overall RTs was evident, F(2, 18) = 5.15, p =.007.  

Pairwise comparisons (Gabriel’s procedure) showed that RTs of participants in the 

sad condition (M =637.66, SE = 14.68) were significantly slower (p =.005) than those 

in the happy condition (M = 570.92, SE = 14.92), and showed a trend towards being 

slower than in the neutral condition (M = 599.93, SE =10.55) (p =.1). 

 

8.3.6 The effect of happiness and sadness on executive attention 

Executive attention costs were calculated by subtracting median RTs on all 

congruent (baseline) trials from median RTs on all incongruent trials.  Lower 

executive attention costs indicate narrowed scope of attention and more efficient 

inhibition of irrelevant information.  A one-way ANOVA with executive attention 

costs as the dependent variable and emotion condition as the independent variable 

revealed no differences in executive attention costs in the happy, sad and neutral 

conditions, F(2, 118) = .97, p = .38. 

A three-by-two way mixed ANOVA was carried out with emotion condition 

(neutral, happy, sad) as a between-subjects factor and flanker type (congruent or 
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incongruent) as a between-subjects factor.  The results revealed a main effect of 

flanker condition, F(1, 118) = 504.58, p <.001 supporting the general finding that 

participants are slower to respond when a target is surrounded by incongruent 

flankers  (M =673.47,  SE = 9.18)  than when the target is surrounded by congruent 

flankers (M =569.15,  SE = 7.23).  There was no interaction between emotion and 

flanker, reflecting the one-way ANOVA findings that there were no differences in 

executive attention costs for participants in the happy, sad and neutral conditions.    

A main effect of emotion on RT was found, F(2, 118) = 4.84, p =.01.  Pairwise 

comparisons showed that sad participants (M =656.15, SE = 14.90) were significantly 

slower than happy participants (M = 590.82, SE = 15.14), and showed a trend 

towards being slower than those in the neutral condition (M = 616.97, SE = 10.71). 

 

8.3.7 Emotion and intrinsic alertness 

Intrinsic alerting in each condition can be assessed by comparing median 

RTs in the happy, sad and neutral condition (Sturm & Willmes, 2001).  A one-way 

ANOVA was conducted with the RT (log-transformed) in the no cue condition as 

the dependent variable and emotion condition as the independent variable.  There 

was a significant effect of emotion on RTs to the uncued target, F(2, 118 ) = 3.53, p = 

.032.  Planned contrasts revealed that participants in the sad condition (M = 691.08, 

SE = 19.23) were significantly slower than participants in the happy condition 

(M = 628.10, SE =11.32) and showed a non-significant trend towards being slower 

than those in the neutral condition (M =660.05, SE =11.59) 6. 

 

8.3.8 Emotion and overall reaction times 

A one-way ANOVA was conducted to examine the effect of emotion on 

overall reaction times.  There was a significant effect of emotion on the log of mean 

reaction times, F (1, 118) = 4.495, p = .013.  Planned contrasts revealed that 

participants in the sad condition had significantly slower overall reaction times 

                                                 
6 Mean as opposed to log-transformed RTs are reported for clarity. 
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(M = 656 ms, SE = 18 ms) than participants in the happy condition (M = 590 ms, 

SE = 11 ms) and participants in the neutral condition (M = 616 ms, SE = 11 ms). 

 

8.3.9 Baseline positive and negative affect   

Due to the non-normal and highly skewed nature of the baseline positive 

and negative affect data, the Kruskal-Wallis test was used to compare baseline PA 

and NA in participants prior to performing the ANT.  There were no significant 

differences in baseline levels of PA (Mneutral = 26.62, SDneutral = 6.22;  Mhappy = 27.80, 

SDhappy = 6.62;  Msad = 28.06, SDneutral = 7.11) or NA (Mneutral = 12.58, SDneutral = 2.96;  

Mhappu = 12.70, SDhappy = 3.45;  Msad = 14.39, SDneutral = 4.66) across the three groups 

prior to ANT performance.  PA was not significantly correlated with alerting         

(rs= -.04, p = .58), orienting (rs = -.01, p = .85) or executive attention costs (rs = -.03, p = 

.68) irrespective of emotion condition.  Similarly, there were no associations between 

negative affectivity and alerting (rs = .02, p = .84), orienting (rs = -.02, p = .84) or 

executive attention costs (rs = .01, p = .92)   

The relationship between attention network scores and each of the PANAS 

emotion scales - Joviality, Self-assurance, Attentiveness, Fear, Hostility, Guilt and 

Sadness - was also examined.  The only significant correlation that emerged was 

between serenity and alerting, rs =.18, p =.02, while there was a marginally 

significant relationship between fatigue and alerting, rs =.-13, p =.075.  However, 

given the number of exploratory correlations that were conducted, these 

relationships no longer appeared interested once the Bonferroni correction was 

applied.  In contrast to Experiment 1, a significant relationship was not found 

between joviality and alerting. 

 
  

8.4 Discussion 

This experiment examined the effect of happiness and sadness on alerting, 

orienting and executive attention.  Happiness and sadness did not differentially 

influence the efficiency of alerting, orienting and executive attention.  However, sad 

participants were slower to respond to a target compared with happy participants. 
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The hypothesis that happiness would impair executive attention in 

comparison to a control condition was not supported.  Participants in the happy, 

sad and neutral conditions had similar executive attention costs – happy 

participants showed no more costs than sad or non-emotional participants in 

inhibiting irrelevant information.  This result is inconsistent with Rowe et al. (2007) 

who reported that happy mood elicited by music impaired visual selective 

attention.  It is also inconsistent with the broaden-and-build theory and Fredrickson 

and Branigan (2005).  One reason for this might be that it is difficult to elicit 

increased levels of happiness compared with the participants’ baseline state in a lab 

environment.  In general, people are fairly happy (Diener & Diener, 1996) and 

emotion manipulations that attempt to distinguish between ‘happy’ participants 

and those in a ‘neutral’ condition are often unsuccessful e.g. Gasper (2004).  

However, self-reported happiness in this study was significantly higher than 

happiness for participants in the control condition.  The finding that happiness did 

not impair executive attention replicates Experiment 1 as well as other studies 

(Finucane, Whiteman, & Power, in press; Gasper, 2004; Gasper & Clore, 2002);  

hence empirical evidence relating to positive emotions and executive attention 

remains inconclusive.    

The finding of no effect of sadness on executive attention is consistent with 

Rowe et al. (2007) who found that negative affect induced by sad music had no 

effect on selective attention in comparison to a control condition.  It also reflects 

Fredrickson and Branigan’s (2005) study in which an effect of negative emotions on 

scope of attention was not found.  Evidence for an effect of negative emotion on 

executive attention costs has been based primarily on studies of fear and anxiety 

(e.g. Basso et al., 1996; Derryberry & Reed, 1998).  In line with Rowe et al. (2007), it is 

suggested that fear related affective experiences may be necessary for attentional 

narrowing.  The present experiment and the Rowe (2007) study are the only two 

studies to directly test the effect of sadness on executive attention using a paradigm 

based on Erickson’s flanker task.  The results of both suggest that sadness has no 

effect on executive attention costs when the target is neutrally valenced.   

There were no differences in the efficiency of the orienting network for 

happy or sad participants compared to those in the control condition. This finding 

reflects Compton (2004) who reported no correlation between negative affect and 
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orienting.  Previous research has shown an effect of emotion, generally anxiety, on 

orienting to valenced stimuli.  Anxiety is often associated with faster orienting to 

threatening stimuli, or slower disengagement from threatening stimuli.  It is 

possible sadness influences orienting to or from valenced stimuli, but that sadness 

does not impair orienting in context of neutrally valenced stimuli.  Indeed, it may be 

that covert attentional orienting is an encapsulated process, and that covert shifting 

from one point to another will not be influenced by emotional processes.  This 

possibility is also supported Fox et al. (2001) who found no effect of emotion on 

covert shifting of attention to a positive, negative or neutral cue.   

The hypothesis that happiness would facilitate alerting was not supported.  

Overall, participants were quicker to respond to a stimulus following an external 

cue, compared with no cue, irrespective of emotion condition, showing a general 

alerting effect.  However, there was no evidence that alerting scores differed for 

happy and sad participants compared with those in the neutral condition.  The 

finding that happiness induced in a laboratory setting has no effect on alerting 

reflects Compton et al. (2004) who found no correlation between self-reported 

positive affect and alerting scores.  Happiness is a relatively undifferentiated 

emotion in comparison to other basic emotions (Power, 2006).  It is possible that the 

type of happiness elicited in this experiment is closer to contentment or relaxing 

experiences and that these low arousal positive emotions do not influence phasic 

alerting.  However, it remains possible that high arousal positive emotional 

experiences such as joy will influence alerting.  Further research on the effect of 

other specific positive emotions on alerting is required to assess whether or not this 

might be the case.    

The finding that sadness did not influence alerting is inconsistent with 

Compton et al. (2004) who reported an association between negative affect and 

alerting (r = 0.27).  In the Compton et al. (2004) experiment, negative affect 

contained diverse items such as anxiety, anger, depression and fatigue. In contrast, 

the present experiment is concerned specifically with sadness.  It is possible that 

while sadness does not differentially influence alerting in comparison to a control 

condition, measures of negative affect based on high arousal negative emotions 

might influence alerting.  For instance, other basic emotions such as anger and fear 
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might facilitate alerting given the pivotal role of these emotions in rapidly 

responding to potentially threatening environmental stimuli.  

Emotion was found to influence intrinsic alerting and overall RTs.   Sad 

participants had significantly slower reaction times to uncued targets compared 

with happy participants, and showed a non-significant trend suggestive of slower 

RTs than those in the neutral condition.  Sad participants also had significantly 

slower overall RTs compared to happy participants or those in the neutral 

condition.  These findings supports Pereira et al. (2006) who found that participants 

had significantly slower responses on a visual detection task after viewing a 

sequence of unpleasant as opposed to control or pleasant pictures.  In Pereira et al’s 

study, these interference effects were thought to result from negative emotions 

induced by the negative image presentation which in turn resulted in withdrawal or 

avoidance processes.  Similarly, it is possible that the slower reaction times 

experienced by sad participants in the present experiment were the result of similar 

withdrawal or avoidance behaviours.   

The link between sadness and reduced intrinsic alertness may occur because 

the feeling of sadness causes the individual to look inwards, take stock of the 

current situation and reprioritise important goals, which in turn reduces the 

attentional resources available for the performance of the attention task.  Sadness 

occurs with an appraisal of loss or failure and is associated with inaction, self-focus 

and withdrawal  (Power & Dalgleish, 1997; Sedikides, 1992; Wells & Matthews, 

1994).  In the present study, sadness was elicited by sad images that may tap into 

participants’ own memories of loss, e.g. sick children, frail elderly people, poverty 

and destruction.  Perhaps increased self-focus and preoccupation with the 

individual’s own experiences of sadness reduces attentional resource allocation 

which slows RTs on subsequent trials.   

Slowed RTs in sadness may also reflect psychomotor retardation in 

depression.  There is evidence to suggest that psychomotor alterations (general 

decreases in movement speed) are characteristic of major depression (Lemke, 

Koethe, & Schleidt, 1999; Lemke, Koethe, & Schleidt, 2000).  This may be linked with 

lower levels of arousal in sadness (Gil & Droit-Volet, 2009).  Sad participants in this 

study were those who reported above the median levels of sadness in the sad 

condition, thus it is likely that they did experience more intense levels of sadness 
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than the sadness group as a whole.  Thus, it is possible that mild levels of 

psychomotor retardation might also occur in healthy participants when momentary 

sadness is experienced.   

Alternatively, slower RTs in the sad condition may have resulted from the 

use of emotion regulation strategies such as attentional deployment (Gross & 

Thompson, 2007).  Distraction is one form of attentional deployment and involves 

focusing on different aspects of a situation.  This may involve shifting attention 

from an emotion eliciting stimulus or may involve changing internal focus such as 

invoking thoughts and memories inconsistent with the undesirable stimulus.  

Attentional deployment may result in withdrawal (e.g. shifting gaze from an 

upsetting stimulus) or an internal redirection of attention which in turn leads to 

lower levels of intrinsic alertness.   

Further research is required to assess whether these processes are linked 

with slowed responding in sadness. 

 
 

8.5 Conclusion 

The results here suggest that happiness and sadness do not differentially 

influence alerting, orienting and executive attention.  However, sadness was found 

to reduce intrinsic alertness and overall reaction times in comparison to a happy 

and neutral condition.   Together with the results from Experiment 1, the findings 

here suggest that positive emotions – specifically, amusement and happiness, do not 

always broaden attention.  Furthermore, the results of Experiment 2 suggest that 

sadness does not narrow breadth of attention as predicted by the broaden-and-build 

theory.  In this experiment, both the self-report data of participants and the slowing 

of response times in sadness suggest that the emotion manipulation was effective.  

However, it remains possible that emotions characterised by higher levels of 

arousal, e.g. fear, anger, joy, might influence attentional processing.  In particular, 

given previous findings relating to anxiety and attentional narrowing, it may be that 

high arousal negative emotions such as fear reduced executive attention costs, 

whereas sadness has no effect.  This question will be examined in experiments 5 and 

6.  
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9.0 Chapter Overview 

In experiment 2 happiness and sadness did not differentially influence the 

efficiency of the alerting, orienting or executive attention networks.  However, 

sadness did reduce intrinsic alertness and overall RTs.  The aim of the present 

experiment is to examine whether sadness influences attention compared with a 

neutral condition when sad faces are presented in advance of each ANT trial.   

Dennis and colleagues (Dennis & Chen, 2007a, 2007b; Dennis, Chen, & 

McCandliss, 2007) examined the efficiency of attention networks following the 

presentation of emotional face stimuli.  Although their results were mixed, Dennis 

and Chen (2007b) found some evidence that the presentation of sad faces prior to 

each trial reduces executive attention costs.  The present experiment attempts to 

replicate this finding.  Furthermore, this experiment extends previous studies by 

incorporating a sadness manipulation into the version of the ANT used by Dennis 

and colleagues; which allows exploration of possible interactions between sadness 

and sad face processing and their influence on attention network efficiency. 

 
 

9.1 Introduction 

In three studies, Dennis and colleagues examined the relationships between 

attentional processing, anxiety and emotional face processing using the attention 

network test (Dennis & Chen, 2007a, 2007b; Dennis et al., 2007).  In each of these 

studies, the  original attention network test (Fan et al., 2002) was modified such that 

each trial was preceded by an emotional face which appeared on screen for 50 ms 

prior to the actual trial (Fig 9.1, panel a).  The researchers were interested in whether 

processing of emotional face stimuli in advance of each ANT trial diverts attentional 
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resources away from alerting, orienting and executive attention; and if so, whether 

this effect is greater for high anxious compared with low anxious participants. 

In Dennis and Chen (2007a), a sample of 18 participants (9 low anxious and 9 

high anxious) viewed task-irrelevant fearful, sad and neutral faces for 50 ms prior to 

each attention network trial.  Both ERP and behavioural data were collected while 

participants carried out the task.  The behavioural data revealed no effect of 

emotional face (i.e. fear, sad, or neutral image) on alerting.  In relation to orienting, a 

near significant interaction (p =.06) was revealed between emotional face and trait 

anxiety such that orienting was found to be more efficient in the high anxious group 

compared with the low trait anxious group following fearful faces and sad faces.  

Overall, irrespective of trait anxiety level, executive attention costs were reduced 

following the presentation of fearful faces.  In contrast to the behavioural findings, 

the ERP data suggested impairments in orienting and executive attention in the high 

anxious group.  The small sample size used in their study is problematic and 

suggests that the data needs to be interpreted with care.  Generally a much larger 

sample would be necessary to draw conclusions about differences in high and low 

anxious groups based on behavioural data.  Other problems relate to the data 

analysis – it is unclear how the researchers dealt with normality issues, whether 

data was screened for outliers and whether the main effects of emotional face or 

trait anxiety were significant – presumably they were not, as they were not reported.  

Also, the contradictory findings from the behavioural and ERP data are not 

adequately explained and it remains unclear how the ERP and behavioural findings 

should be interpreted.  
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Fig. 9.1:  Modified ANT used in Dennis and Chen (2007a) 
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In another study, Dennis et al. (2007) examined threat related attentional 

biases on alerting, orienting and executive attention using a similar behavioural 

paradigm. Participants (N = 63) performed a modified version of the attention 

network task in which a fearful face, a neutral face or control stimulus (grey square) 

was presented between each trial.  Participants completed the STAI and were 

divided into a high anxious (n = 28) and a low anxious (n = 35) group.  In this study, 

Dennis and Chen found a significant interaction between face type and trait anxiety 

such that the presentation of fearful faces in advance of each trial increased 

executive attention costs for low anxious participants – suggesting impaired 

selective attention in low anxious compared with high anxious participants when 

fearful faces are presented prior to each trial.   

The researchers also reported a near significant (p =.06) effect of face type on 

alerting and suggested that fearful faces interfered with alerting – alerting was 

reduced following a fearful in comparison to a neutral face on some trials.  

However, although it is not mentioned by the authors, the RT data shows that this 

effect was mainly due to faster RTs on the uncued trials following presentation of 

fearful faces, as opposed to slower RTs in the double cue condition.  This suggests 

that the fearful faces increased intrinsic alertness – generalised arousal and 

excitability, rather than reducing alerting as suggested by the researchers.  It also 

points to the importance of specifically examining the RT data in both cue 

conditions in interpreting attention network scores – focusing on the attention 

network score alone can be misleading if the baseline scores (i.e. mean RT for the ‘no 

cue’ trials for alerting, mean RT for the centre cue trials for orienting, and mean RT 

for congruent flanker trials for executive attention) are not comparable across 

groups.  Across all conditions, irrespective of face type, state anxiety was correlated 

with alerting, r = .33, p < .01, but not with orienting or executive attention.  Dennis et 

al. suggested that their findings show that the presence of fearful faces has a unique 

influence on each form of attention, as opposed to resulting in general effects on all 

three systems.   

In another study, Dennis and Chen (2007b) investigated the effect of task 

irrelevant fearful, sad and happy faces on attention network performance in 16 high 

threat-sensitive and 20 low threat-sensitive participants (N=36).  Threat sensitivity 

was assessed by Behavioural Inhibition System (BIS) scores on the 24 item BIS/BAS 
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questionnaire (Carver & White, 1994).  Both ERP and behavioural data was 

collected.  A within-subjects contrast showed that executive attention costs were 

reduced following the presentation of a sad face, in comparison to a fearful or 

happy face.  The ERP data showed an enhanced N200 following the presentation of 

a fearful face which was linked to slightly lower executive attention costs (i.e. 

enhanced selective attention) in high anxious individuals.   

In totality these three studies suggest a possible influence of emotional face 

stimuli and anxiety or threat-sensitivity on the efficiency of attentional processing, 

even though the findings are inconsistent across individual studies.  For instance,  

Dennis and Chen (2007a) report an interaction effect of state anxiety and emotional 

faces on orienting, which was not found in either of the other two studies.  Dennis et 

al. (2007) found an interaction effect of emotional faces and trait anxiety on 

executive attention costs, suggesting that state anxiety and the presence of fearful 

faces has a unique effect on executive attention.  ERP data in Dennis and Chen 

(2007b) suggested lower executive attention costs following fearful face stimuli in 

threat sensitive individuals.  Further investigation is required in order to gain a clear 

of picture relating to whether emotional face stimuli influence alerting, orienting 

and executive attention. 

The aim of the present study is to examine whether the experience of 

sadness in conjunction with the presence of emotional face stimuli influences the 

efficiency of attentional networks.  In experiment 2, sadness was found to reduce 

intrinsic alertness, but had no effect on alerting, orienting or executive attention.  It 

is possible that the brief presentation of a sad face prior to each trial will increase the 

level of sadness experienced which may differentially influence attentional 

processing. Specifically, it is predicted that a more intense sadness experience, based 

on the interaction of sadness with sad face stimuli, will reduce executive attention 

costs.  This prediction is consistent with the view that negative emotions narrow 

attentional focus (Fredrickson, 1998) and behavioural data reported by Dennis and 

Chen (2007b) which indicated lower executive attention costs following sad faces 

compared with happy faces.  
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9.1.1 Hypotheses 

In the current experiment, participants experienced both a sadness and 

neutral condition and performed a modified version of the attention network task.  

IAPS images were used to elicit sadness in participants, and were presented at 

regular intervals during the ANT task.  In addition, a sad or neutral face was 

presented in advance of each attention network trial, as in the modified version of 

the ANT used by Dennis and colleagues in each of the aforementioned studies (Fig. 

9.1).  It was hypothesized that: 

 

• In the sadness condition, participants will experience lower levels of intrinsic 

alertness in comparison to the neutral condition.  Furthermore, this may be 

exacerbated on sad face trials.  

• There will be  an interaction between emotion (sadness, neutral)  and face 

type (sad, neutral) such that in the sadness condition participants will show 

lower executive attention costs on sad face trials.   

• Irrespective of the emotion condition, (sadness or neutral), sad face stimuli 

will differentially influence attention network performance, compared with 

neutral faces.  In particular, sad face stimuli will reduce executive attention 

costs. 

 
  

9.2 Method 

9.2.1 Design 

This experiment had a within-subjects design.  All participants experienced 

both the sadness condition and the neutral condition.  Similarly, all participants 

performed trials that were preceded by sad face images and neutral face images. 

The conditions were counterbalanced – half of the participants experienced the 

sadness condition first, while the other half experienced the neutral condition first.   
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9.2.2 Participants 

62 participants were recruited – 42 female and 20 male with a mean age of 

25.5 years, SD =  4.8 years.  Participants were from the UK (29%), Europe (excluding 

the UK) (29%), Asia (29%) and the USA (13%).  In return for taking part, all 

participants received £6. 

 

9.2.3 Materials 

9.2.3.1 Emotion Induction stimuli 

Images from the International Affective Picture System (IAPS) were used to 

elicit a sadness response in the sadness condition and a non-emotional response in 

the neutral condition (Lang et al., 2005).  As in experiment 2, in the present 

experiment sad images included crying children, frail elderly people and images of 

pollution and destruction.  In the neutral condition, images included emotionally 

neutral faces and images of neutral scenes (See Table 9.1 for image descriptions).  

Standardized mean pleasure scores (based on a 0 to 8 point scale) for the IAPS 

images used were 5.43 in the neutral condition and 2.77 in the sad condition.  Mean 

standardized arousal scores were 4.69 in the neutral condition and 4.96 in the sad 

condition.  Mean standardized arousal scores for each image were not significantly 

different in the neutral compared with the sad condition, t(36) = 1.39, p > .05.  Thus, 

images differed in terms of valence only. 

 

9.2.3.2 Emotional Face stimuli – NimStim 

Sad face and neutral face images were taken from the NimStim set of face 

stimuli (Tottenham et al., in press).  The NimStim face stimulus set consists of 646 

facial expression stimuli that have been developed for use in face and emotion 

recognition research.  Sad and neutral images were chosen from this set for the 

purposes of the present study (For examples see Fig.  9.2). 
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Fig. 9.2:  Examples of sad and neutral NimStim faces 
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9.2.4 Self-report measures 

9.2.4.1 The Brunel Mood Scale 

The Brunel Mood scale (BRUMS) was used to assess baseline levels of affect .   

The scale has been derived from the Profile of Mood States (POMS) and contains 24 

simple mood descriptors, such as angry, energetic, nervous, and unhappy (Terry, 

Lane, & Fogarty, 2003).  Participants are required to rate how they feel at the present 

moment in time on a five point scale ranging from “not at all” to “extremely”.  The 

24 item scale contains six subscales: 

 

Anger:  annoyed, bitter, angry, bad tempered (items 7, 11, 19, 22) 

Confusion:  confused, mixed up, muddled, uncertain (items 3, 9, 17, 24) 

Depression7: depressed, downhearted, unhappy, miserable (items 5, 6, 12, 16) 

Fatigue:  worn out, exhausted, sleepy, tired (items 4, 8, 10, 21) 

Tension:  panicky, anxious, worried, nervous (items 1, 13, 14, 18) 

Vigour: lively, energetic, active, alert (items 2, 15, 20, 23) 

 

9.2.4.2 Emotion manipulation check 

 

As in experiment 2,  after each block of trials participants rated the extent to 

which they experienced five emotions - happiness, sadness, fear, anger and disgust - 

on a 9-point scale where ‘0’ represented “none at all” and ‘8’ represented “a great 

deal”.  The five emotion terms appeared in random order on the computer monitor.  

Participants responded by tapping the appropriate number key following the 

presentation of each emotion word and emotion rating scale on screen.  Participants 

rated their emotions three times during each emotion condition.  The mean score 

across the three ratings in each condition was taken to represent the amount of 

emotion experienced during the condition. 

 
 

                                                 
7 The depression scale is an indicator of depressed mood not clinical depression. 
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9.2.5 Modified Attention Network Test 

Participants performed a modified version of the Attention Network Test 

presented via E-PRIME on a 17 inch monitor similar to that outlined in Fig 9.1.  The 

main differences were:  (i) An emotion manipulation was also included.  To elicit a 

sadness or non-emotional response (neutral condition), participants were presented 

with IAPS images during the ANT task. (ii) Only sad and neutral faces were 

presented prior to each task (i.e. the fearful face in Fig. 9.1 was not included).  (iii)  

Neutral flanker trials were omitted as they are not required for the calculation of 

attention network scores.  (iv) The centre cue was used as the baseline instead of the 

double cue in calculating alerting network scores (as in Fan et al., 2005) to reduce 

overall trials required and reduce time on-task. Fig. 9.3 shows an example of a 

spatially cued incongruent trial. 

In total the task consisted of 576 trials – 288 trials each in the sad and neutral 

condition.  These were presented to participants in six blocks each containing 96 

trials each.  The first trial in each block and every eighth trial after this was preceded 

by an IAPS image (36 images in total in each condition).  Each IAPS image appeared 

on screen for six seconds and was followed by eight ANT trials.  On completion of 

each block of 96 trials, during which participants viewed twelve IAPS pictures, 

participants rated how much emotion they experienced during the previous block 

of trials.  In each condition, participants performed three blocks, during which 36 

neutral images or 36 sad images were presented.  Each block lasted approx. 6-8 

minutes.  Both the sad and neutral emotional face stimuli were presented randomly 

within each condition – thus participants were exposed to both sad and neutral face 

stimuli in the sad and neutral conditions.  Between each condition participants were 

allowed step out of the cubicle and offered a short break and refreshment. 

In advance of performing the ANT, participants were presented with on-

screen instructions.  They were informed that the target in each trial would be a 

centrally located arrow surrounded by two arrows on each side.  Their goal was to 

identify the direction of the centrally located arrow as quickly as possible.  

Participants were also informed that various cues would appear in advance of the 

target and would in some cases indicate where the target was about to appear.  The 

instructions also referred to the photographic images and emotional face expression 
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that participants would be exposed to at regular intervals between ANT trials.  

Participants were advised that during the task they would be required to rate how 

they felt during the previous block of trials (Appendix C).    

 

 

Fig. 9.3:  Example of a spatially cued, incongruent, sad face trial 

 

 

 

 

9.2.6 Procedure 

Participants were tested individually in a small quiet cubicle.  After reading 

and signing the participant consent form, they completed the Brunel Mood Scale 

(BRUMS) and carried out the modified Attention Network Test.  Half the 

participants experienced the sad condition first followed by the neutral condition, 

and half experienced the conditions in the opposite order.  Following a practice 

block consisting of 24 trials, participants completed 6 blocks, each containing 96 

trials.    In total, the experiment took 70 minutes. On completion of the task, 

participants were debriefed in full. 
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9.3 Results 

9.3.1 Data analysis 

Median reaction times for cue type and flanker type were calculated for each 

participant at an overall level as well as by emotion condition (sad, neutral) and face 

type condition (sad face, neutral face).  The overall error rate was 2.03% (ranging 

from 0 to 9%); no participants were excluded due to excessive errors.   

 

9.3.2 Overall data 

A 3 (Flanker: neutral, congruent, incongruent) x 3 (Cue: no cue, centre, 

spatial) ANOVA was carried out on all RTs, irrespective of condition,  to compare 

the overall pattern of results with that reported originally by Fan et al. (2002).  The 

Greenhouse-Geisser correction was used to correct for violations of sphericity in the 

cue condition (Field, p430).   

The overall data revealed a significant main effect for flanker, F(1, 61) = 

452.35, p <.001 and cue type  F(1.47, 89.74) = 362.74, p <.001).   Planned contrasts 

revealed that participants were significantly faster to respond to a cued compared 

with an uncued target. Furthermore, participants were faster to respond to a target 

preceded by a spatial cue, compared with any other cue type (Fig. 9.4).   There was a 

significant interaction between flanker and cue type, F(2, 122) = 32.22, p <.001.  This 

data pattern is reflective of that reported in Fan et al’s original study (Fan et al., 

2002). 

For the data as a whole, attention network scores were:  alerting (M = 21.85, 

SE = 2.07), orienting (M = 58.05, SE = 3.36) and executive attention costs (M = 98.93, 

SE = 4.71). 
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Fig. 9.4: Overall RT data by cue and flanker condition 
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9.3.3 Emotion manipulation 

Participants were retained in the emotion related analysis if the amount of 

sadness reported in the sadness condition was greater than that reported in the 

neutral condition.  Six participants reported no more sadness in the sad condition 

than the neutral condition, and were subsequently removed from analysis involving 

the emotion condition.  This resulted in a sample size of 56 in the emotion analysis 

(as opposed to the face type analysis).  Given the non-normal nature of the emotion 

report data, the Wilcoxon signed rank test was used to compare the level of sadness 

in both conditions.  Reported sadness in the sad condition (Mdn = 4) was 

significantly higher than sadness in the neutral condition (Mdn = 0), z = -6.51, 

p < .001.  Furthermore, in the sadness condition, participants reported significantly 

more sadness than any other emotion (Table 9.2).   
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Table 9.2:  Emotion report data:  Neutral v. sad condition (N=56) 

Neutral Sadness

M SD Mdn M SD Mdn

Sadness 1.10 0.99 1.00 4.09 2.28 4.00

Anger 0.68 0.89 0.33 2.16 1.86 1.83

Fear 1.04 1.42 0.33 1.82 1.83 1.33

Disgust 0.79 1.00 0.33 2.69 2.04 2.50

Happiness 1.04 1.42 2.80 1.82 1.83 0.33

 

 

9.3.4 Effect of sadness and sad faces on alerting 

A 2 (Emotion: neutral, sadness) x 2-way (Face type: Neutral face, Sad face) 

repeated measures ANOVA was conducted to examine the effect of emotion and 

face type on alerting.  There was no effect of emotion, F(1, 55) = .02, p = .90,  or face 

type, F(1, 47) = 1.64, p = .21, on alerting scores.  No interaction was found between 

emotion condition and face type, F < 1 (Table 9.3). 

 

9.3.5 Effect of sadness and sad faces on orienting 

A 2 (Emotion: neutral, sadness) x 2-way (Face type: Neutral face, Sad face) 

repeated measures ANOVA was conducted to examine the effect of emotion and 

face type on orienting.  There was no effect of emotion, F(1, 55) = .02, p = .78,  or face 

type, F(1, 55) = .03, p = .87, on orienting scores.  Nor was there an interaction 

between emotion condition and face type, F < 1. 

 

9.3.6 Effect of sadness and sad faces on executive attention costs 

A 2 (Emotion: neutral, sadness) x 2-way (Facetype: Neutral face, Sad face) 

repeated measures ANOVA was carried out to examine the effect of emotion and 

face type on executive attention costs.  There was no effect of emotion, F(1, 55) = .41, 

p = .53.  However, there was a marginal effect of face type, F(1, 55) = 3.58, p = .06.  

To examine the marginal effect of face type on executive attention costs in 

more detail, irrespective of emotion condition, a 2 x 2 way ANOVA was conducted 

on RTs with face type (neutral, sad) and flanker type (congruent, incongruent) as 
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within-subject factors.  As the effectiveness of the emotion manipulation was not 

relevant to this analysis, all 62 participants were included in the analysis.  As 

expected, there was a main effect of flanker, F(1, 61) = 454.34, p < .001, with 

participants responding significantly faster on congruent (M = 533.96, SE = 9.47) 

compared with incongruent trials (M = 633.21, SE = 12.02).  More interestingly, a 

significant interaction between face type and flanker type was revealed, 

F(1, 61) = 5.95, p = .018, partial �2 = .09, suggesting a small effect of face type on 

executive attention costs.   

 

9.3.7 Intrinsic alerting 

To examine intrinsic alerting, RTs for uncued trials (no cue) were examined.  

A  2 x 2 way repeated measures ANOVA was conducted with emotion (neutral, sad) 

and face type (neutral, sad) as factors.  There was no effect of emotion, F < 1, or face 

type, F(1, 55) = 1.37, p >.05 on uncued RTs.  Nor was there an interaction between 

emotion and face type, F < 1. 
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Table 9.3:  Mean of median RTs by emotion and face type (N=56) 

Emotion

M SD M SD

No cue 624 89 622 91

Centre 602 90 599 88

Spatial 544 87 540 92

Congruent 540 78 537 81

Incongruent 641 102 635 100

Alerting 22 23 24 20

Orienting 58 27 58 28

Executive attention 101 43 98 39

Facetype

M SD M SD

No cue 623 86 621 86

Centre 599 89 600 87

Spatial 539 85 542 85

Congruent 536 76 539 77

Incongruent 639 98 636 97

Alerting 24 23 21 21

Orienting 59 29 58 28

Executive attention 103 41 97 38

Neutral Sad

Sad faceNeutral face

 

 
 

9.3.8 Baseline mood and attention networks 

Each of the Brunel Mood Scales was correlated with overall alerting, 

orienting and executive attention scores, irrespective of emotion and face type.   

There was a non-significant trend suggesting a negative correlation between the 

BRUMS depression scale and executive attention costs, rs= -.199, p = .1 and 

depression and alerting, rs= -233, p = .07.  However these correlations were no 

longer marginally significant once the Bonferroni correction is applied.  No other 

significant correlations were found. 
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9.4 Discussion 

In this experiment, there was no effect of emotion on alerting, orienting or 

executive attention.  Nor was there an effect of face type on alerting or orienting.  

However, evidence was found for a small effect of face type on executive attention 

costs, irrespective of emotion condition.  Specifically, participants had lower 

executive attention scores on ANT trials preceded by a sad face suggesting 

enhanced selective attention.  There was no difference in intrinsic alertness in the 

sadness compared with the neutral condition. 

The finding that sadness did not differentially influence alerting, orienting 

and executive attention in comparison to a neutral condition reflects the findings 

reported in Experiment 2.  As in Experiment 2, the broaden-and-build theory 

prediction that sadness narrows attention (Fredrickson, 1998), was not supported.  If 

sadness narrows attention, then participants in the sadness condition should have 

lower executive attention costs compared with the neutral condition.  One 

possibility is that the sadness manipulation was ineffective.  However, examination 

of the emotion report data suggests that the emotion manipulation was indeed 

successful.  Participants reported significantly higher levels of sadness in the sad 

condition compared with the neutral condition, and significantly more sadness than 

any other emotion in the sadness condition.  Furthermore, informal subjective 

reports of participants following the experiment also suggest that the sadness 

manipulation was successful.  Taken together, the results of both Experiment 2 and 

3 suggest that sadness does not differentially influence alerting, orienting and 

executive attention, compared with a neutral baseline.   

The finding in Experiment 2 that sadness significantly slowed overall RTs 

and showed a trend towards reduced intrinsic alertness in comparison to a neutral 

baseline was not replicated in this study.  Here, overall RTs as well as RTs on 

uncued trials were no different in the sadness condition compared with the control 

condition.  A comparison of the emotion report data in Experiment 2 with emotion 

reports in the current study suggests that participants in Experiment 2 experienced 

higher levels of sadness in the sadness condition than they did in this study.  

Sadness ratings in both studies were compared using the Mann-Whitney U test: 

Sadness levels in the sad condition in Experiment 2 (M = 6.46, SD = .85) were 
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significantly higher than sadness levels reported by participants in the current 

experiment (M = 4.09, SD = 2.28), Z = .4.668, p <.001.  Higher levels of sadness were 

experienced in the Experiment 2 partly because only participants scoring above the 

median level of sadness in the sadness condition were included in the final analysis.  

Excluding participants in a similar manner in this study was not possible as it 

would reduce power, given the smaller sample size.  Another possible reason for 

the lower levels of reported sadness in the sad condition in the present study was 

the duration of the task.  Because face type and emotion condition were being 

examined, a larger number of experimental trials were required than would be the 

case if emotion alone was being examined.  In addition, the current experiment had 

a within-subjects design, further increasing the duration of the task and the number 

of trials required.  The longer duration (70 minutes as opposed to 40 minutes in 

Experiment  2) may have led to increased boredom and a dilution of the intensity of 

sadness experienced.  This suggests that the effect of sadness on overall RTs and 

intrinsic alertness only occurs as more intense levels of sadness are experienced.    

A primary objective of the current experiment was to examine whether 

emotion would interact with the presentation of emotional stimuli (i.e. sad faces 

versus neutral faces) to influence attention network efficiency.  In particular, it was 

hypothesized that the experience of sadness in conjunction with the presentation of 

sad face stimuli might result in a reduction in executive attention costs.  This 

prediction was based on the idea that the presentation of sad faces on each trial 

might intensify the level of sadness experienced by participants.  However, there 

was no evidence for the interaction between emotion and face type, nor was there 

evidence of increased sadness in this study compared with Experiment 2.  It is 

possible that the face stimuli were presented too briefly to have been able to 

reinforce or intensify sadness levels.  Perhaps an interaction would have occurred 

had the emotion face stimuli been presented for longer, or had the sad face trials 

been presented in the same block (see Pereira et al., 2006) – as opposed to being 

randomly interspersed with neutral face stimuli.  

As regards the effect of face type on attention, the results here show a 

significant effect of the emotional face presentation on executive attention costs (but 

not alerting and orienting).  Specifically, the presentation of a sad face for 50 ms 

prior to each trial resulted in reduced executive attention costs, indicating enhanced 
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selective attention.  This finding is partially supported by the behavioural findings 

reported in (Dennis & Chen, 2007b) where sad faces presented before each trial 

resulted in lower executive attention costs in comparison to fearful or happy face 

images.  Although the Dennis and Chen study did not include a neutral face, their 

findings suggest a unique effect of sadness-related stimuli on executive attention 

costs.  Despite this, the results in this area remain inconsistent, as fearful faces, but 

not sad faces were found to reduce executive attention costs in Dennis and Chen  

(2007a), even though the same task was used in both studies.  ERP data had also 

shown a facilitatory effect of fearful as opposed to sad faces on executive attention 

(Dennis & Chen, 2007b).  The small effect size associated with the effect of negative 

emotional face stimuli on executive attention costs may be one reason for the 

inconsistent findings.   

Although the effect size may be small, the finding here, in conjunction with 

some behavioural and ERP findings that fearful and sad faces reduce executive 

attention costs  (Dennis & Chen, 2007a, 2007b) support the idea that negative 

emotional faces enhance selective attention.  One possibility is that the sudden 

presentation of a negative face for a short period (50 ms) automatically potentiates a 

threat response in participants. As Mineka and Öhman  (2002) point out, a fear 

module is automatically activated by threat related stimuli, and this activation can 

occur prior to the conscious cognitive analysis of the stimulus.  It is possible that a 

50 ms presentation of a sad face automatically activates a threat responses and that 

this in turn influences executive attention.  Indeed, as Dennis and Chen (2007b) 

suggest, emotion differentiation between different types of emotion stimuli is 

minimised at early stages of attentional processing, as is the case when stimuli are 

only presented for 50 ms. Thus, enhanced executive attention following sad face 

stimuli might simply reflect enhanced executive attention in response to a sudden 

onset threat related stimulus.   

 Evidence that a threat response facilitates perception and  attention is 

reported by Phelps, Ling, and Carrasco (2006).  These researchers presented 

participants with a fearful face or neutral face image for 75 ms.  Next participants 

were required to perform an orientation discrimination task which involved judging 

whether a target face stimulus was tilted to the right or to the left.  The contrast 

sensitivity of the target stimuli was also varied.  Participants performed better 
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following the presentation of a fearful face in comparison to a neutral face.  

Specifically, the level of contrast sensitivity required for successful identification of 

the target was lower following the fearful faces than the neutral faces, suggesting 

enhanced perception following fearful faces.  In a second study, fear related stimuli 

were found to potentiate the effect of covert attention on perception.  Their study 

suggests that the presentation of fearful stimuli such as fearful faces enhances 

perception and the perceptual benefits of attention.  Although sad as opposed to 

fearful  faces were presented in the present experiment, it is possible that given the 

short presentation duration, sad faces - like fearful faces -  automatically activate a 

basic threat response,  resulting in enhanced executive attention.  Thus, it is the 

threatening aspect of a briefly presented negatively valenced face, as opposed to the 

sadness per se, that gives rise to enhanced executive attention. 

Further research is necessary to determine whether the interpretation 

outlined here for the effect of face type on executive attention has value.  Ideally, 

future studies would: i) replicate the finding reported here, but without the emotion 

manipulation, ii)  investigate the effect of sad and fearful faces in comparison to a 

neutral face on executive attention costs.  The finding that both fearful and sad faces 

enhance executive attention in comparison to neutral faces provides support for the 

view that briefly presented negatively valenced face stimuli reduces executive 

attention costs.  iii) Vary the presentation times associated with sad face 

presentation.  If the effect of sad face stimuli on executive attention costs is due to a 

threat response following short presentation durations, the effect is likely to 

disappear at longer stimulus presentation durations, as participants have more time 

to discriminate between a fear and sadness expression.   

 
 

9.5 Conclusion 

In this experiment the effect of emotion (sadness versus a non-emotional 

state) and the emotional face stimuli (sad face versus neutral face) on attention 

networks was examined.  As in Experiment 2, there was no effect of sadness on 

alerting, orienting or executive attention.  In contrast to Experiment 2, sadness did 

not reduce intrinsic alerting in the present study.  However, this may be due to 
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lower levels of sadness in the present study than in Experiment 2.  It is suggested 

that more intense levels of sadness may be required to slow RTs and reduce intrinsic 

alertness.  Interestingly, an effect of sad faces on executive attention was found.  

When sad faces were presented briefly before the target, executive attention costs 

were reduced, suggesting enhanced selective attention.  It is suggested that briefly 

presented negative emotional stimuli potentiate a threat response which results in 

enhanced selective attention.  This interpretation would account for findings that 

both sadness and fear expressions presented before ANT trials have been found to 

reduce executive attention costs.  It also suggests a link between threat-related 

experiences and enhanced executive attention.  This is examined in more detail in 

the next chapter where the effect of fear on attention network efficiency is 

investigated.   
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10.0 Chapter Overview 

In this chapter, the effect of fear on attentional networks is examined.  While 

Experiment 2 and 3 show no effect of sadness on attentional processing, it remains 

possible that other emotions, in particular fear, may differentially influence the 

efficiency of attentional networks relative to a non-emotional baseline.   

 
 

10.1 Introduction 

Fear is an emotional response to danger characterised by an appraisal of 

physical or psychological harm.  It activates defensive behaviour (e.g. immobility or 

fight-flight) and a repertoire of psychophysiological responses to deal with a 

threatening situation (Frijda, 1986).  Much previous research on the relationship 

between fear and attentional processing has focused on the effect of fear or anxiety 

on attentional orienting to valenced stimuli (e.g. threatening faces or words).  Some 

of these studies have shown that high anxious individuals are faster to orient 

attention towards threatening stimuli (Mogg & Bradley, 1999a; 1999b) while others 

suggest that high anxious individuals are slower to disengage attention from threat 

(Fox et al., 2001; Georgiou et al., 2005).  Another line of research focuses on the effect 

of attentional biases for threat using tasks such as the Stroop.  Although 

shortcomings associated with the emotional Stroop have been identified (Fox, 1993), 

the general findings suggest that high trait anxious individuals show enhanced 

selective attention for threat related information (Williams et al., 1996). 

Fewer studies have specifically examined the effect of the experience of fear 

on attention to non-emotional information.  Nonetheless, there is some evidence 

that fear prioritises attentional processing of a centrally located target and impairs 
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the processing of peripheral stimuli.  In a classic paper, Easterbrook  (1959) argued 

that emotional arousal reduces the range of cues that an individual processes, 

resulting in a sharpening of attention in a central location and impairments in the 

processing of peripherally located stimuli.  This reduction in cue utilisation can 

facilitate or impair performance depending on task requirements.   For instance, a 

reduction in the range of cue utilisation enhances performance in tasks where 

irrelevant cues need to be ignored.  In contrast, in tasks that require the use of a 

wider range of cues for optimal performance (e.g. creative problem solving or 

divergent thinking), a reduction in cue utilisation would impair performance.  

Easterbrook describes emotional arousal as general overt excitement and suggests 

that it is greater in neurotic individuals and individuals who are experiencing stress 

and frustration.  From this perspective, high arousal negative affective states such as 

fear are likely to reduce cue utilisation as discussed by Easterbrook, narrow scope of 

attention and consequently enhance selective attention.   

Drawing on the work of  Easterbrook, Derryberry and Reed (1998) 

specifically examined the effect of trait and state anxiety on attentional narrowing.  

A global-local task (See Chapter 2) was used to assess the focus of attention with 

letter targets appearing at either the local or global level within composite letter 

targets.  Positive and negative motivational conditions were created by presenting 

the task within a game where points were to be gained or lost.  In two experiments 

high trait anxious participants showed attentional focusing during negative games.  

Derryberry and Reed argued that trait anxiety leads to focused attention by 

facilitating local perceptual information during negative motivational states.  

More recently, Fredrickson (1998) proposed the broaden-and-build theory of 

positive emotions which posits that positive emotions broaden scope of attention, 

whereas negative emotions have the opposite effect.  Fredrickson and Branigan 

(2005) used a global-local visual processing task to assess the effect of emotions on 

breadth of attention.   They failed to find an effect of negative emotions induced by 

short film clips on attentional narrowing, but suggested that their version of the 

global-local task may have been too insensitive to measure changes in breadth of 

attention.   

In contrast to Easterbrook’s (1959) hypothesis that high arousal negative 

emotional states narrow attentional focus, attentional control theory (ACT) leads to 
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contrasting predictions in some circumstances (Eysenck et al., 2007).  According to 

the ACT, anxiety impairs attentional control.  Anxiety is associated with an 

increased influence of the stimulus-driven attentional system and a decreased 

influence of the goal-directed attentional system.  Evidence in support of ACT 

comes from dual task studies which have examined attentional processing in 

relation to a primary and secondary task.   For instance, some studies have shown 

that high anxious individuals do not show impaired performance on a secondary 

task as would be expected if attention is more focused in fear and anxiety related 

states (Dusek, Kermis, & Mergler, 1975; Dusek, Mergler, & Kermis, 1976; Shapiro & 

Johnson, 1987; Shapiro & Lim, 1989).  According to Eysenck et al. this is because the 

stimulus-driven attentional system has more influence on anxious then non-anxious 

participants, thus reducing (as opposed to increasing) attentional focus on the 

primary task.  In contrast to the predictions that fear and anxiety-related states 

narrow attentional focus, the ACT predicts impaired attentional focusing in anxious 

individuals, in particular in dual task contexts where the secondary task is of equal 

salience to the primary task.  In light of these contrasting predictions, further 

research is required to directly assess whether fear, or anxiety related states, 

influence selective attention irrespective of the valence of the stimuli that is being 

attended to.  

Similarly, few studies have investigated whether the experience of fear 

influences covert attentional orienting irrespective of the valence of the information 

that is being attended.  Previous research is concerned with the effect of trait and 

state anxiety on overt and covert orienting to valenced stimuli.  For instance, 

research has shown that high anxious individuals are more likely to gaze longer at 

intensely negative face stimuli (Mogg, Garner, & Bradley, 2007),  have a stronger 

tendency to orient attention towards subliminally presented threat-related faces 

(Mogg & Bradley, 1999a, 2002), and demonstrate increased dwell time on 

threatening stimuli (Amir et al., 2003; Fox et al., 2001; Georgiou et al., 2005; Yiend & 

Matthews, 2001).  Compton et al. (2004) examined the relationship between baseline 

mood state and performance on an orienting task.   Their results showed that 

individuals low in current positive affect were slower to covertly shift attention 

from one point to another.  However, there was no relationship between negative 

affect and attentional orienting.   In normal populations, baseline levels of negative 
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affect are generally low; therefore relationships between negative affect and 

variables reflecting attentional processing are likely to be very weak and non-

significant.  Studies which explicitly focus on the effect of fear or anxiety on covert 

attentional orienting to neutral stimuli are required.  

 The alerting network is an under studied aspect of attention research in 

general  (Raz & Buhle, 2006).  Thus, unsurprisingly, there is little research on the 

relationship between emotion and alerting.  From a theoretical perspective, there is 

much to suggest that the experience of fear will increase alerting.  Fear is an 

emotional response that functions to protect the individual from threat and harm.  

An important function of fear is to prepare the individual to respond to an external 

threat.  Fear increases physiological readiness of the individual to respond 

appropriately in the presence of danger.  The fear response is characterised by 

avoidance related action tendencies (Frijda, 1986) and is associated with 

physiological changes which prepares the individual to respond to an impending 

threat  (e.g. Stemmler et al., 2001).  Bearing this in mind, it is reasonable to suggest 

that the experience of fear might also be associated with increased alerting, as the 

individual mobilises their attentional resources in response to an impending threat. 

Indeed, there is some evidence for this – Dennis, Chen and McCandliss (2007) 

reported a positive relationship between state anxiety and alerting attention in one 

study.  Similarly, Compton et al. (2004) reported a positive association between 

negative affect and alerting.  However, a link between fear or anxiety-related states 

and alerting has not been found in other studies (Dennis & Chen, 2007a, 2007b).  

Given the mixed findings relating to fear, anxiety and alerting attention, further 

research is clearly required.   

 

10.1.1 Hypotheses 

The purpose of the present experiment was to examine the effect of fear on 

the efficiency of alerting, orienting and executive attention.  Such studies are 

important as they address how the experience of fear influences attentional 

processing, and provide insights into whether fear and anxiety related experiences 

influence the performance of non-emotional tasks.  There were two main 

hypotheses:   
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• Fear will influence executive attention costs in comparison to a neutral 

condition.  In line with the narrowing hypothesis, when experiencing fear, 

individuals may be faster to identify a target, and inhibit irrelevant adjacent 

stimuli (Derryberry & Reed, 1998; Easterbrook, 1959; Fredrickson, 1998).  In 

contrast, in support of attentional control theory,  fear may result in increased 

executive attention costs given links between anxiety-related states and 

impaired attentional control (Eysenck et al., 2007). 

  

• Fear will enhance alerting.  This is based predominately on theoretical 

perspectives suggesting that fear facilitates the mobilisation of attention 

resources, thus facilitating subsequent responding to an impending, potentially 

threatening stimulus.  It is also based on a limited amount of previous research 

(Compton et al., 2004; Dennis et al., 2007). 

 

As a secondary objective, the effect of fear group (high trait fear or low trait 

fear) on the efficiency of each attention network was examined.  In line with the 

main hypothesis it was proposed that high fear participants would reveal higher 

alerting scores and lower executive attention costs than low fear participants.  State 

and trait anxiety were also examined, and a similar effect was predicted in relation 

to alerting and executive attention costs (i.e. anxiety would be positively associated 

with alerting, and negatively associated with executive attention costs). 

Given the lack of evidence relation to orienting, a specific hypothesis relating 

to fear and orienting was not proposed.     

    
 

10.2 Method 

10.2.1 Design 

This experiment involved eliciting fear by presenting participants with fear-

eliciting images while they performed a modified version of the attention network 
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test.  A within-subjects counterbalanced design was used.  All participants 

experienced both the fear and the control condition.   

10.2.2 Participants 

 One hundred female student participants completed this experiment in 

return for course credit or a small financial reward (£4.20).  The mean age of 

participants was 20.13 years (SD = 3.14).  65.3% were from the UK, 20.4% were 

European (non-UK), 7% were Asian, 6% were American or Canadian and 1% was 

African.  

A high-fear and low-fear group of participants were pre-selected based on 

scores on the fear sub-scale of the Basic Emotions Questionnaire (BEQ) (Power, 

2006).  The low-fear group were those with a fear score of 13 or less, while the high 

fear group were those with a score of 19 or more.   

 

10.2.3 Emotion induction materials 

Images from the International Affective Picture System (IAPS) (Lang et al., 

2005) were used to elicit fear, and a non-emotional control state.  Images of snakes, 

spiders and vicious animals were used in the fear condition (e.g. Fig. 10.1).  These 

images were chosen as researchers have shown that images which are related to 

survival threats in evolutionary history – in particular snakes and spiders –

preferentially and automatically activate a fear related response  (Mineka & Öhman, 

2002; Öhman & Mineka, 2003).  Standardised valence scores ranged from 3.5 to 4.0 

and arousal scores ranged from 5.77 to 6.87 for images used in the fear condition.  

Animal images with standardised valence scores between 5.7 and 6.8 and arousal 

levels varying between 2.8 and 5.1 were chosen for use in the neutral condition (e.g. 

cow, dog, turtles, and fish) (e.g. Fig. 10.2).  In total, the image set consisted of eight 

fear related images and eight neutral images (Table 10.1).  As there are few IAPS 

images that elicit discrete fear responses, each image was presented twice during 

the experiment. 
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Table 10.1: Description of IAPS images and associated standardized valence and 

arousal scores. 

 No. IAPS no Description (Neutral) Valence Arousal IAPS No Description (Fear) Valence Arousal

1 1121 Lizard 5.75 4.83 1050 Snake 3.46 6.87

2 1450 Gannet 6.37 2.83 1052 Snake 3.50 6.52

3 1602 Butterfly 6.50 3.43 1110 Snake 3.84 5.96

4 1640 Coyote 6.27 5.13 1201 Spider 3.55 6.36

5 1660 Gorilla 6.49 4.57 1301 Dog 3.70 5.77

6 1670 Cow 6.81 3.05 1321 Bear 4.32 6.64

7 1910 Grouper 6.71 3.29 1930 Shark 3.79 6.42

8 1942 Turtles 6.26 4.01 1931 Shark 4.00 6.80

Neutral images: Mean 6.40 3.89 Fear images : Mean 3.77 6.42  
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Fig. 10.1:   Example of image presented in the fear condition 

 

 
 

Fig. 10.2:  Example of image presented in the neutral condition 
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10.2.4 Self-report measures 

10.2.4.1 Basic Emotions Scale 

The trait version of the Basic Emotions Scale (BES) assesses how often 

participants experience the five basic emotions in general (Power, 2006).  The fear 

subscale consists of four items - Anxiety, Nervousness, Tense, Worried.  Participants 

are asked to rate how often they experience each item on a scale from ranging from 

1  to 7, where ‘1’ is ‘never’, ‘4’ is ‘sometimes’ and ‘7’ is ‘very often’ (Appendix D).  

The BES was used to pre-select a high-fear and low-fear group of 

participants in advance of the actual experiment.  The BES fear subscale was used 

instead of a trait anxiety measure during pre-screening as the scale is free and a fear 

score can quickly be calculated as it is based on only 4 items.  It also has good 

internal consistency (.94) as reported by Power and Tarsia (2007).   In the present 

study participants completed the BES up to a month before the study, as well as 

during the experiment.  Test-retest reliability of fear scale scores in the current 

sample were high, rs = .85.  The scale also has good convergent validity – during the 

current experiment correlations between BES-Fear scores and STAI trait anxiety 

scores were rs=.768. 

 

10.2.4.2 Spielberger State-Trait Anxiety Inventory  

The STAI was used to measure trait anxiety and baseline levels of state 

anxiety during the experiment.  Test-retest reliabilities for the trait anxiety measure 

range from .73 to .86 in undergraduate students (Spielberger, 1983).   

 
 

10.2.4.3 Emotion manipulation check   

As in previous experiments, participants were required to rate how much 

happiness, sadness, fear, anger, disgust they experienced as they were performing 

the task as in previous studies.  Participants rated their emotions after 56 trials and 

                                                 
8 To clarify – the BES-Fear subscale was used to pre-select participants in advance of the 
experiment. However, during the experiment all participants completed the BES a second 
time, as well as the STAI. 
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after 112 trials during each condition.  Their emotion scores in each condition were 

based on the mean of emotion scores reported after the first and second block of 

trials. 

 

10.2.5 Attention Network Test 

Participants performed a modified version of the attention network test 

presented via E-PRIME on a 17 inch monitor while seated approximately 60 cm 

from the screen (Fig. 10.3).   As in previous experiments, each trial consisted of:  i) 

fixation cross (+) (400 – 1600 ms), (ii) a cue (100 ms) (no, double, centre or spatial), 

(iii) second fixation (+) (400 ms), (iv) a congruent or incongruent target surrounded 

by flanker arrows (up to 1700 ms), (v) post target fixation – variable time depending 

on the participants RT. The task consisted of 224 trials in total – each trial was 

preceded by one of four cue types (no, double, centre, spatial) and each target arrow 

was flanked by either congruent or incongruent distractors. 

An IAPS image appeared on screen for 1 second preceding the first trial and 

before every eight trials in each condition.  Participants viewed 16 images during 

each condition (each of the 8 images outlined in Table 10.1 were shown twice). 

In advance of performing the ANT, participants were presented with on-

screen instructions as in previous experiments.  The instructions also informed 

participants that they would be exposed to images for 1000 ms at regular intervals 

between ANT trials.  They were advised that during the task they would be 

required to rate how they felt during the previous block of trials (Appendix C).    

 

 

10.2.6 Procedure   

On arrival, participants completed the Basic Emotions Scale and the 

Spielberger State-Trait Anxiety Inventory.  Next, they carried out the modified 

attention network task in a small quiet cubicle.  This included a short practice 

session before proceeding to the experimental trials.  All participants were debriefed 

in full before leaving.  The experiment took approximately 40 minutes.  
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Fig. 10.3:  The modified Attention Network Test:  Example of a spatially cued 

incongruent ANT trial preceded by an IAPS image (fear condition) 

 

Note: An IAPS image appeared once before every 8 trials. 

 

 

10.3 Results 

 

10.3.1 Data-analysis 

The mean of median reaction times (RTs) for each cue condition (no, double, 

centre, spatial) and flanker condition (congruent, incongruent) was calculated for 

each participant – both at an overall level (i.e. irrespective of emotion condition) and 

for each condition (within the fear and neutral conditions).   Alerting, orienting and 

executive attention scores were calculated as follows: 

 

• Executive attention effect (costs) = RT incongruent trials – RT congruent trials 

(baseline). 

• Alerting effect (benefit) = RT no cue trials (baseline) – RT double cue trials.  
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• Orienting effect (benefit) = RT centre cue trials (baseline) – RT spatial cue trials. 

Data for three participants were removed in advance of the main analysis 

due to excessive errors (>20%) or extreme scores on several variables. Thus, the final 

analysis was based on 97 participants.   

  

10.3.2 Overall ANT data 

Initially a 2 (Flanker: congruent, incongruent) x 4 (Cue: no cue, double cue, 

centre, spatial) way repeated measures ANOVA was conducted on all RTs, 

irrespective of emotion condition, in order to compare the overall pattern of results 

with that reported originally by Fan et al. (2002).  In line with previous studies, there 

was a significant main effect for flanker, F(1, 96) = 838.27, p < .001.  RTs for 

incongruent trials, (M = 614.46ms, SE = 7.19), were significantly longer than for 

congruent trials (M = 529.04ms, SE = 6.01), reflecting the costs associated with 

inhibiting irrelevant information on incongruent trials (Fig. 10.4)  As expected, there 

was also a main effect of cue (Greenhouse-Geisser correction applied): F(2.75, 264) = 

231, p <.001.  Pairwise comparisons revealed that reaction times were fastest in the 

spatial cue condition and slowest when no cue was presented in advance of the 

target.  The main effects reported here reflect those reported by Fan et al. (2002). 
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Fig 10.4:  Overall RTs by cue and flanker condition, irrespective of emotion condition 

and fear group 

ANT: Overall scores (N =97)
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10.3.3 Emotion manipulation 

The Wilcoxon signed-rank test was used to compare fear reported during the 

fear condition with the neutral condition.  Self-reported fear was significantly higher 

in the fear condition (Mdn = 4.0) compared with the neutral condition (Mdn = 0), 

z=8.1, p <.001, r = -.82 (Table 10.2).  Furthermore, pairwise comparisons (Bonferroni 

corrected) revealed that significantly more fear than any other emotion was 

reported in the fear condition.  Three participants reported less fear in the fear 

condition than in the neutral condition, and 8 participants reported zero levels of 

fear in both the neutral and the fear condition.  However, in contrast to previous 

experiments, participants were not excluded based on their emotion reports as there 

is much evidence that fear related stimuli automatically activates a fear response, 

even though the participants may not be aware of this, and thus may not report it in 

their subjective emotion reports (Mineka & Öhman, 2002; Öhman & Mineka, 2003)9. 

In terms of differences in fear reported by the high and low fear groups; 

there was no difference in fear experienced in the fear condition, z  =  -1.25, p = .21.  

                                                 
9 All the analysis reported in the results section were re-examined using only data from participants 
who reported more fear in the fear condition, than in the neutral condition.  The results did not differ 
from those reported here. 



 

 200 

However, there was a non-significant trend towards a difference in fear scores in the 

control condition, z = -1.77, p = .08, suggesting higher baseline levels of fear in the 

high fear participants. 

 

 

Table 10.2: Emotion reported in the fear and neutral conditions 

Neutral condition Fear condition

Emotion Median Mean SD Median Mean SD

Fear 0 0.76 1.25 4 3.98 2.43

Anger 0 0.43 0.88 0 1.22 1.84

Disgust 0 0.81 1.38 2.5 2.84 2.48

Sadness 0 0.91 1.30 0.5 1.16 1.69

Happiness 4 3.90 2.07 1 1.30 1.54

 

 

10.3.4 Fear and executive attention costs 

Executive attention costs were calculated for each participant by subtracting 

their RTs in congruent trials from their RTs during incongruent trials, irrespective of 

cue type.  A two-by-two way mixed ANOVA was conducted with emotion 

(Emotion: fear v. control) as a within-subjects factor and fear group (Fear group: 

high fear, low fear) as a between-subjects factor.  A main effect of emotion on 

executive attention was revealed, F (1, 95) = 9.027, p = .003.   Executive attention 

costs were significantly lower in the fear condition (M = 83.14, SE = 3.47) compared 

with the neutral condition (M =92.75, SE = 3.36).  Further examination of the effect 

of emotion condition on flanker type, revealed that in the fear condition, 

participants were faster to respond to incongruent targets (M = 611 ms, 

SE = 7.42 ms) than in the neural condition (M = 620 ms, SE = 7.63).  There was no 

effect of fear group on executive attention costs, F(1, 95) = .825,  p = .37, nor was 

there an interaction between emotion condition and fear group, 

F(1, 95) = .851, p =.359 (Table 10.3).  
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Table 10.3:  Mean attention network scores in the neutral and fear condition 

Mean SD Mean SD

Flanker Type

Incongruent 620 75 611 73

Congruent 527 62 528 60

Cue Type

No cue 609 70 605 71

Double cue 572 72 570 68

Centre cue 582 69 579 70

Spatial cue 534 72 536 66

Attention Network Scores

Executive attention 93 33 83 34

Alerting 38 39 35 35

Orienting 48 38 43 37

Neutral Fear

 

 

An overall executive attention costs score for each participant, irrespective of 

emotion condition, was calculated.  State anxiety (log transformed due to non-

normality) was negatively correlated with overall executive attention costs, r = -.20, 

p = .05, further indicating reduced executive attention costs in anxiety related states.   

Further analysis of state anxiety in the fear and neutral conditions, showed a 

significant association between state anxiety and executive attention costs in the fear 

condition, r = -.26, p = .01, but not in the neutral condition, r = -.12, p = .23.   

Similarly, trait anxiety was marginally correlated with executive attention costs in 

the fear condition, r = .19, p = .06 (Table 10.4). 

 

Table 10.4:  Pearson correlations between anxiety and attention networks 

 
State anxiety (Ln) p Trait anxiety (Ln) p

Alerting-all .07 .48 0.14 .16

Alerting- fear condition .05 .63 0.09 .39

Alerting - neutral condition .10 .33 0.11 .30

Orienting-all .08 .48 0.05 .60

Orienting- fear condition -.04 .72 0.06 .58

Orienting - neutral condition .16 .12 0.02 .88

Executive attention-all -.20 .05 -0.14 .16

Executive attention- fear condition -.26 .01 -0.19 .06

Executive attention - neutral condition -.12 .23 -0.14 .17
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10.3.5 Fear and alerting 

The alerting effect was calculated for each participant in each emotion 

condition (fear versus neutral) by subtracting RTs in the ‘double cue’ trials 

(baseline) from RTs in ‘no cue’ trials, irrespective of flanker type.  A two-by-two 

way mixed ANOVA was conducted with emotion (Emotion: fear v. neutral) as a 

within-subjects factor and fear group (Fear group: low fear, high fear) as a between-

subjects factor.  There was no effect of emotion F(1, 95) = .37, p = .55,  or fear group,  

F(1, 95) = 1.162, p = .21,  on alerting.  Nor was there an interaction between emotion 

and fear group, F (1, 95) = .02 , p =.896. 

Alerting scores were collapsed across both the fear and neutral conditions in 

order to obtain an overall alerting score irrespective of emotion condition.   Neither 

state nor trait anxiety were significantly correlated with alerting in the fear or 

neutral condition. 

 

10.3.6 Fear and orienting 

The orienting effect was calculated for each participant by subtracting their 

RTs in ‘spatial cue’ trials from their RTs in ‘centre cue’ trials, irrespective of flanker 

type.  A two-by-two way mixed ANOVA was conducted with emotion (Emotion: 

fear v. neutral) as a within-subjects factor and fear group (Fear group: low fear, high 

fear) as a between subjects factor.  There was no effect of emotion F(1, 95) = 1.10, p = 

.30,  or fear  group,  F(1, 95) = .11, p = .74  on orienting.  Nor was there an interaction 

between emotion and fear group, F(1,95) = .33, p = .57.   No significant correlations 

were found between orienting scores and state or trait anxiety.   

 
 

10.4 Discussion 

This experiment examined the effect of fear on three attention networks – 

executive attention, alerting and orienting.  Lab induced fear and state anxiety were 

found to reduce executive attention costs.  There was no effect of fear on alerting or 

orienting.  The results of the fear group analysis (high fear versus low fear) did not 

yield any significant findings. 
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In support of the primary hypothesis, fear was found to facilitate executive 

attention.  Specifically, the results demonstrated that when experiencing fear, 

individuals were better at inhibiting irrelevant information resulting in relatively 

faster response times to targets which were surrounded by incongruent information.  

Notably, both the experimental manipulation and the correlational assessment (i.e. 

correlations between both state and trait anxiety and overall executive attention) 

were suggestive of this tendency.  This data supports previous theory and evidence 

suggesting that high arousal negative affective states narrow breadth of attention, 

reduce peripheral cue utilisation and prioritise local visual processing  (Basso et al., 

1996; Derryberry & Tucker, 1994; Easterbrook, 1959; Fredrickson, 1998).  The 

findings here extend previous research by demonstrating that the experience of fear, 

as opposed to anxiety or stress in general, results in this narrowing effect.   

Why does the experience of fear narrow attentional focus and reduce 

executive attention costs?  One possible explanation concerns resource allocation.  

Specifically, it is possible that the experience of fear increases emotional load, 

concentrates attentional resources on a target, reducing the attentional resources 

available for processing non-target distractor information.  Generally the attentional 

demand of the ANT is low and there is still some attentional capacity left over to 

process the irrelevant distractors.  As the task of selecting the target does not use all 

available attentional resources, there is unused attentional capacity which results in 

distractor processing and therefore interference, during the incongruent trials.  In 

contrast, when target selection requires full use of all attentional resources, the 

distractors can not be processed (Styles, 2006).   There is some evidence to suggest 

that as perceptual load increases, interference from task irrelevant stimuli is reduced  

(Kahneman & Chajczyk, 1983; Lavie, 1995, 2005).  Lavie (2005) point out the 

different types of load differentially influences selective attention.  It is suggested 

here that ‘emotional load’ might also influence interference from non-target stimuli.  

Specifically, threat-related emotional load might draw attentional resources to a 

potentially threatening target, and thus reduce attentional resources available for the 

processing of irrelevant, low-priority distractors. 

An alternative explanation of the finding that fear reduces executive 

attention costs is that fear increases cognitive control.  Greater cognitive control 

might enhance attentional focusing on a target which is potentially threat related, 
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and in turn facilitates appropriate responding to the target.  This explanation is at 

odds with the Attentional Control Theory (ACT)  (Eysenck et al., 2007).  The ACT 

proposes the loosening of attentional control in anxiety related states.  Evidence for 

the loosening of cognitive control in anxiety is based partially on evidence of 

increased distractibility in anxious states (Eysenck & Byrne, 1992).  However, it is 

possible that findings of  increased distractibility in anxiety reflects more efficient 

orienting of attention to non-target threat-related stimuli, as opposed to the 

loosening of cognitive control.  In contrast,  the findings of enhanced executive 

attention reported here fit with previous research on affective states and selective 

attention (Easterbrook, 1959).  Furthermore, a cognitive control explanation 

complements Rowe et al.’s (2007) proposal that positive emotions loosen cognitive 

control processes.   

In terms of alerting, there were no differences in alerting scores in the fear 

condition compared with the neutral condition; nor was there a difference in high 

versus low fear groups. The effect of  fear on alerting requires further investigation 

given the theoretical importance of alerting as a measure of attentional intensity, 

along with the mixed results relating to anxiety and alerting attention both here and 

in previous studies (Dennis & Chen, 2007b; Dennis et al., 2007).  The mixed findings 

here may partly be due to the fact that alerting is the least reliable attentional 

network with a test-retest reliably of .52  (Fan et al., 2002).  A purer measure of 

alerting, such as a simple reaction time task with a pre-cue and no-cue condition 

(e.g. Sturm and Willmes (2001)) might be more appropriate in examining this 

particular network.   

There was no effect of fear, fear group or either of the anxiety measures 

(state or trait) on orienting.  Lack of any evidence for an association between fear or 

anxiety and orienting suggests that the shift aspect of attention may be encapsulated 

from the influence of emotion - at least in the context of neutrally valenced stimuli.   

A similar view was suggested by Fox et al. (2001), who found no effect of trait 

anxiety on attentional shifting in an exogenous cueing paradigm involving valenced 

face and word stimuli.  Thus, although much evidence suggests that fear related 

states influence attentional engagement to, and disengagement from, threat related 

stimuli, the present findings suggest that fear does not effect the actual process of 

covertly shifting attention from one point to another.  It is possible that the shift 
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component of covert exogenous orienting is primarily influenced by motor 

processes, and that emotions have little influence on this network. 

There was no effect of fear group on any of the three attention networks 

examined.  This suggests that individuals who report that they frequently 

experience fear-related states are no different from those who report that they rarely 

experience fear, in terms of their attentional processing.  While possible, this 

generalisation is at odds with the correlations between trait anxiety and executive 

attention found in this study.  Furthermore, the BES fear sub-scale correlated well 

with trait anxiety (rs=.76) suggesting relatively good convergent validity.  However, 

it may be that categorising participants into a high and low fear group was not an 

optimal statistical strategy as it reduces power.  Such pre-selection may be more 

appropriate when identifying healthy versus sub-clinical and clinically anxious 

groups.  For samples taken from healthy homogenous populations, statistical 

analyses based on continuous measures such as the Spielberger trait anxiety scale 

are preferable as they do not force participants into potentially artificial categories.  

Therefore, although an effect of fear group was not found here, a more sensitive 

measure of dispositional fear should be used to examine the trait fear-attention link 

in future studies.  

 
 

10.5 Conclusion 

The present study found that fear enhances executive attention irrespective 

of target valence.  When experiencing fear, individuals are better able to inhibit 

irrelevant information resulting in faster reaction times to a target.  It is suggested 

that reduced executive attention costs in fear-eliciting situations may result from 

threat-related emotional load, which reduces the availability of attentional resources 

for the processing of non-target distractors.  Alternatively, fear might result in an 

increase in cognitive control, which in turn facilitates inhibition of non-target stimuli 

resulting in enhanced executive attention.  Further research is required to evaluate 

these possibilities.  Either way, the data here lend support to the view that enhanced 

executive attention in fear eliciting situations functions to focus attention on a 

potentially threat related target and facilitate subsequent rapid responding.  
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11.0 Chapter Overview 

The current chapter discusses two experiments in which music was 

combined with IAPS images to elicit emotion.  In the first experiment, the effect of 

happiness and sadness on alerting and executive attention is examined, while the 

second is concerned with the effect of fear and sadness on alerting and executive 

attention.  The overall aim of these two experiments is to replicate findings outlined 

in previous chapters, but using a potentially more intense emotion manipulation.   

 
 

11.1 Introduction 

Music is often used in everyday life for emotion and mood regulation, and 

evidence suggests that it is useful in inducing target moods and emotions in a lab-

setting.  For instance, in comparison to a baseline or control condition,  Westerman 

et al. (1996)  found that music induction procedures resulted in effect sizes of 

approx. r = .32 (positive induction) to r = .41 (negative induction)  in the elicitation 

of target positive and negative mood states.  Its apparent effectiveness in eliciting 

affective states is reflected by its widespread use in studies examining the effect of 

positive or negative mood states on cognition and behaviour (e.g. Green et al., 2003; 

Rowe et al., 2007; Roy, Mailhot, Gosselin, Paquette, & Peretz, 2009; Silvia & Abele, 

2002; Thompson et al., 2001). 

Affective responses to music are complex, and factors such as preferences for 

distinct types of music and individual differences in absorption can influence an 

individual’s response to a particular piece of music (Kreutz et al., 2008).  For 

instance, Kreutz et al. found that musical preferences for classical music 

significantly influenced the intensity of emotions felt while listening to classical 
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musical selections.  Furthermore, Schellenberg, Peretz, & Vieillard  (2008) examined 

liking ratings for happy and sad sounding music and found that sad music is liked 

as much as happy music in some instances (e.g. during incidental listening as 

opposed to focused listening contexts); and that frequency of exposure leads to both 

familiarity (which increases liking ratings) and over-exposure (which reduces 

liking).   

Despite such complexities, music is often used on its own, or in conjunction 

with another emotion induction procedure, to elicit a target emotional state in a lab 

setting.  Recently, music combined with thought has been shown to be effective in 

eliciting target affective states (Eich et al., 2007).  This procedure requires that 

participants think of elating or depressing thoughts as they listen to music and rate 

how they are feeling in terms or valence and arousal.  In another study, IAPS 

images were combined with music to elicit discrete emotions (Baumgartner, Esslen, 

& Jäncke, 2006).  Baumgartner et al. examined subjective and physiological 

responses to emotional images in three conditions:  i) combined music and images, 

ii) image only and iii) sound only.  Their results suggest that the combined music 

and image approach is more effective than sounds or images alone in eliciting 

emotional responses in the lab.   

There are various advantages associated with using music-plus-images to 

elicit emotion.  For example, the combination of music plus images may intensify 

the emotion experienced in comparison to viewing images or listening to music 

alone.  A specific benefit of music manipulations is that music is particularly 

appropriate for use in experiments which involve visual attention, as background 

can be played continuously as the task is performed.  However, where possible, 

musical selections used to elicit distinct emotional states need to be balanced in 

terms of auditory properties such as volume and intensity so that effects on the task 

performance are due to the emotion elicited as opposed to the possible distracting 

effect of the music.  Still images are also useful as they can be presented at variable 

durations, and have an immediate emotional impact on participants.  Thus, the 

combination of both music and still images is potentially more effective in eliciting a 

target emotional response compared with other approaches such as film clips or 

using images only.  
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In both experiments in this chapter, music is combined with IAPS images in 

an effort to intensify the emotional response experienced by participants as they 

perform the attention network test.  In the first experiment (Experiment 5), happy, 

sad and non-emotional musical selections are combined with happy, sad and 

neutral IAPS images to examine the effect of happiness and sadness on alerting and 

executive attention.  In the second experiment (Experiment 6), sad, scary and non-

emotional musical pieces are combined with sad, fearful and neutral IAPS images to 

examine the effect of sadness and fear on alerting and executive attention. 

    
 

11.2 Pilot of music stimuli 

A set of musical segments used to elicit emotion was identified from 

previous studies that have elicited emotion using music or from musical experts 

(e.g. staff working at the university music library).   These included Mozart’s Rondo, 

Albinoni’s  Adagio in G Minor, Barbers Adagio for Strings, The Awakening of Jacob by 

Krzysztof Penderecki (from Stanley Kubrick’s – The Shining) , Aphex 4 by Aphex 

Twin and a relaxing piece from a Massage Therapy CD called Contemplation.   

 A pilot study was conducted to identify the most appropriate pieces of 

music for use in both experiments.  The aim of the pilot was to determine whether 

Albinoni’s Adagio in G Minor or Barber’s Adagio for Strings elicited more sadness in 

participants (both pieces have been used to elicit sadness in previous studies).  Also, 

the pilot was used to assess whether Contemplation could be used as a neutral 

baseline and whether Aphex 4 or the The Awakening of Jacob was more effective in 

eliciting fear.   

 A group of 10 participants took part in the pilot (3 males, 7 female).  In total, 

participants listened to a set of 6 pieces of music.  The duration of each piece of 

music ranged from 6 to 9 minutes.   After each, participants rated how much 

happiness, sadness, anger, fear, disgust, contentment, amusement, boredom and 

pleasantness they experienced while listening to the music on a 0 to 8 point scale. 

Significance testing was not conducted due to the low number of 

participants. A comparison of mean scores was therefore considered adequate for 

the purposes of the pilot.  The emotion report data suggested that Barber’s Adagio 
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elicited most sadness in participants (Table 11.1).   For fear, there was little 

difference in reported fear following the Aphex Twin piece, and the music from the 

Shining; however, as the Shining piece was rated slightly less boring than the Aphex 

piece, the Shining was chosen for use in the fear manipulation.   

 

Table 11.1: Mean emotion experienced during each musical segment (N=10) 
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 Contemplate elicited low levels of happiness and sadness; and was 

consequently deemed a good baseline.  It did elicit higher levels of contentment, as 

well as higher levels of boredom relative to other pieces;  however, according to 

Rottenberg et al. (2007) mild levels of contentment are appropriate as neutral 

baselines.  Some researchers (e.g. Rowe et al., 2007) use “no music” as a neutral 

baseline, however, this is problematic as background music is likely to result in 

distraction in the experimental condition which is not present in the neutral 

condition; leading to potentially higher levels of performance in the baseline 

condition.  Because of this, it is preferable to include music in the neutral or control 

condition.  Thus, contemplation was considered acceptable for use as a baseline in 

the present study.   

Mozart’s Rondo elicited the highest happiness scores, but was consequently 

too short for use during the attention task.  Instead, another joyful piece - 

Tchaikovsky’s Waltz of the Flowers - that had not been piloted, but has been used 

previously to elicit happy mood (Eich et al., 2007), was used during the actual 

experiment.   Mozart’s Rondo was used for mood repair on completion of the 

attention task. 
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11.3 Experiment 5:  The Effect of Happiness and Sadness on 

Attention:  A Replication Study 

 

11.3.1 Introduction  

Experiments 1 and 2 suggested no effect of positive emotions (either 

amusement or mild happiness) on alerting, orienting or executive attention.  These 

findings support other research showing no effect of positive emotion on orienting 

or scope of attention in context of neutral stimuli (e.g. Finucane & Whiteman, 2007; 

Wadlinger & Isaacowitz, 2006; Walton, 2003).  However, the finding of no effect of 

amusement and happiness on executive attention costs is at odds with others who 

have reported a broadening effect of positive emotion on attention (Fredrickson & 

Branigan, 2005; Rowe et al., 2007).  It is possible that the film and cartoons used in 

Experiment 1, and the IAPS images used in Experiment 2, did not result in a large 

enough increase in positive emotion to result in attentional broadening.  To examine 

this possibility, and to re-assess the effect of happiness on alerting, in the present 

experiment, music is combined with IAPS images to increase the intensity of the 

happiness experience. 

Results from Experiments 2 and 3 showed no effect of sadness on alerting, 

orienting or executive attention.  The findings that sadness did not result in an 

increase in executive attention costs are inconsistent with the broaden-and-build 

theory.  Nonetheless, other researchers have also failed to find an effect of sadness 

on selective or executive attention costs suggesting that sadness does not lead to 

narrowed attentional focus (Mitchell & Phillips, 2007; Rowe et al., 2007).  The results 

of Experiment 2 also suggest that sadness slows overall RTs and reduces intrinsic 

alertness.  There is some evidence of slowed RTs during negative image viewing 

(Pereira et al., 2006), but a replication of this finding specifically using a negative 

emotion manipulation is required.  Therefore, the effect of sadness on executive 

attention costs and intrinsic alerting was also examined in this experiment using 

both music and images to intensify the sadness experience. 
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The effect of happiness and sadness on orienting is not examined in the 

current experiment.  This is because Experiments 1 to 4 have shown no effect of any 

of the emotions examined on covert exogenous orienting of attention.  Furthermore, 

there is little evidence in the literature to suggest that covert orienting to neutral 

information is influenced by emotion.  Indeed, it is possible that covert exogenous 

orienting might be an encapsulated process (Fox et al., 2001) and impervious to the 

influence of emotion.  Another reason to exclude orienting in the current study is 

that it cuts down on the total trials required.  This increases the likelihood that the 

target emotion experienced during each emotion condition will be maintained 

throughout the duration of the task.  In addition, the level of boredom experienced 

is likely to be reduced.  

 

11.3.1.1 Hypotheses 

 
In summary, it is hypothesized that, in comparison to a neutral baseline: 

 

• Happiness, if experienced more intensely than in Experiment 1 and 2, may 

increase executive attention costs reflecting attentional broadening, as proposed 

by the broaden-and-build theory. 

• Sadness will have no effect on executive attention costs as per Experiments 2 

and 3.  Alternatively, if sadness is experienced more intensely than in previous 

studies, sadness may narrow attention as proposed by the broaden-and-build 

theory (Fredrickson and Branigan, 1998). 

• In experiments 2 and 3, a significant effect of happiness and sadness on phasic 

alerting was not found.  Therefore, an effect of happiness or sadness on phasic 

alerting is not predicted in the present study.  

• Sadness will slow overall RTs and reduce intrinsic alertness (measured by RTs to 

uncued targets) as in Experiment 2. 
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11.3.2 Method 

11.3.2.1  Design 

This experiment has a within-subjects design – all participants experienced 

the happy, sad and neutral conditions.  The order of conditions experienced was 

counterbalanced. 

 

11.3.2.2  Participants 

66 participants took part (62% female, 38% male).  The mean age of 

participants was 22.1 years (SD = 2.25).  83% of participants were from the UK, 9.1% 

were from other European countries, 4.5% were from India, 1.5% was from Nigeria 

and 1.5% was from the U.S.A. 

 

11.3.2.3  Emotion induction materials 

 

11.3.2.3.1 Music stimuli 

As participants performed the attention network test, they were exposed to 

background music via headphones.  Tchaikovsky’s Waltz of the Flowers was played 

during the happy condition while Barber’s Adagio for Strings was played during the 

sad condition.  In the neutral condition, an instrumental piece called Contemplation 

was played. 

 
11.3.2.3.2 Images 

A subset of the IAPS images used in Experiment 2 was again used in the 

current experiment to elicit happiness, sadness or a neutral state in participants.  

Sad images included crying children, frail elderly people and images of pollution 

and destruction while happy images included images of babies, friends and cute 

animals.  In the neutral condition, participants were exposed to neutrally valenced 

stimuli such as emotionally neutral faces and images of neutral scenes.  Twelve 

images were shown during each condition.  Mean standardized valence scores for 

images shown in the happy, sad and neutral conditions were 7.66, 2.37 and 5.78 

respectively.  Mean arousal scores were:  4.57 (happy), 5.63 (sad) and 3.33 (neutral).  
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Overall arousal levels differed significantly across the three conditions, 

F(2, 22) = 57.45, p < .001.   Pairwise comparisons showed that the sad images were 

characterised by significantly higher levels of self-reported arousal, compared with 

images in the happy and neutral conditions.  The neutral images were characterised 

by the lowest levels of arousal (Table 11.2).   

 

11.3.2.4  Self-report measures 

 
11.3.2.4.1 PANAS 

 As in previous studies, the PANAS was used to assess baseline levels of 

positive and negative affect.  The brief 20 item version was used.  Internal 

consistency for both the PA and NA scales are high:  the PA scale has a Cronbach’s 

alpha of .88 while the Negative Affect scale has an alpha level of .86 in 

undergraduate students (Watson & Clark, 1994b; Watson et al., 1988). 

 
11.3.2.4.2 Emotion manipulation check  

On completion of each block of ANT trials, participants rated the extent to 

which they experienced happiness, sadness, fear, anger, disgust, amusement, 

contentment and boredom on a 9-point scale where 0 represented ‘none at all’ and 8 

represented ‘a great deal’.  The eight emotion scales were presented in random 

order on the computer monitor as in previous experiments. 

 

11.3.2.5  Mood repair 

A set of ten Far Side cartoons were automatically presented to participants 

on completion of the ANT.  The cartoons were accompanied by joyful music - 

Mozart’s Rondo.  The goal of the cartoons and music was mood repair. 
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Table 11.2:  Description of IAPS images used in the happy, sad and neutral conditions 

Happy Cond IAPS no. IAPS Description Valence Arousal

1 1463 Kittens 7.45 4.79

2 2050 Baby 8.2 4.57

3 2070 Baby 8.17 4.51

4 2091 Girls 7.68 4.51

5 2150 Baby 7.92 5

6 2340 NeutChild 8.03 4.9

7 2345 Children 7.41 5.42

8 2530 Couple 7.8 3.99

9 2550 Couple 7.77 4.68

10 7325 Watermelon 7.06 3.55

11 8461 HappyTeens 7.22 4.69

12 8497 Carnival ride 7.26 4.19

Mean 7.66 4.57

Sad Cond IAPS no. IAPS Description Valence Arousal

1 3220 Hospital 2.49 5.52

2 3230 Dyingman 2.02 5.41

3 3301 Injuredchild 1.8 5.21

4 3350 Infant 1.88 5.72

5 6570 Suicide 2.19 6.24

6 9050 Planecrash 2.43 6.36

7 9415 Disabled 2.82 4.91

8 9470 Ruins 3.05 5.05

9 9520 Kids 2.46 5.41

10 9611 Planecrash 2.71 5.75

11 9910 Autoaccident 2.06 6.2

12 9920 Autoaccident 2.5 5.76

Mean 2.37 5.63

Neutral Cond IAPS no. IAPS Description Valence Arousal

1 1450 Gannet 6.37 2.83

2 1670 Cow 6.81 3.05

3 1910 Grouper 9.71 3.29

4 1942 Turtles 6.26 4.01

5 2200 NeutFace 4.79 3.18

6 2214 NeutMan 5.01 3.46

7 2383 Secretary 4.72 3.41

8 2385 Girl 5.2 3.64

9 2516 ElderelyWoman 4.9 3.5

10 2575 Propeller 5.46 4.16

11 2840 Chess 4.91 2.43

12 2880 Shadow 5.18 2.96

Mean 5.78 3.33

 

Note: Valence and arousal ratings are based on standardized ratings for each IAPS image 

from Lang et al. (2005) 
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11.3.2.6  Modified Attention Network Test (ANT) 

Participants performed a modified version of the Attention Network Test 

presented via E-PRIME on a 17 inch monitor.   The task was modified in comparison 

to its use in Experiments 1 to 4 in order to focus directly on alerting and executive 

attention.  Trials associated with orienting (spatially cued trials) were removed.  

Also, because orienting was not of interest in this experiment, targets were 

presented in a central location, as opposed to above or below the fixation in contrast 

to previous experiments.  In Fig. 11.1 a sample trial is shown in which a centre cue 

precedes an incongruent target.  In this version of the task participants do not need 

to covertly orient their attention to a target appearing above or below the fixation 

point.  Given that the target appears in the centre (as opposed to above or below the 

centre as in the original ANT and previous experiments), overall RTs to the target 

will be shorter as participants do not need to shift their attention.  Also, alerting and 

executive attention scores should be less variable as each measure no longer 

includes variation due to the orienting component. 

 

Fig. 11.1:  Sample trial: Centre cue plus incongruent target 

 

 
 

 

The task consisted of three blocks – with each block representing one of the 

three conditions.  Each condition consisted of 72 trials – 36 congruent trials and 36 

incongruent trials, of which half were preceded by no cue and half were preceded 

by a centre cue.  In total, there were 216 trials across the three conditions.   Each 
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image appeared on screen for 6 seconds and was followed by six ANT trials.  The 

happy, sad and neutral musical pieces were played softly via headphones during 

each condition.  Participants viewed 12 IAPS images during each condition. 

After each condition participants rated how much happiness, sadness, fear, 

anger and disgust they experienced while viewing the images during the previous 

block of trials. 

In advance of performing the ANT, participants were presented with on-

screen instructions as in previous experiments.  The instructions also informed 

participants that they would hear background music during the task and that they 

would be exposed to images at regular intervals between ANT trials.  They were 

advised that during the task they would be required to rate how they felt during the 

previous block of trials (Appendix C).    

 

 

11.3.2.7 Procedure 

Participants were tested individually in a small quiet cubicle.  On arrival 

they completed the Positive and Negative Affect Schedule (PANAS).  Next they 

were shown the modified attention network test.  Following a set of demonstration 

trials, they performed a practise set of 24 trials which were interspersed with four 

IAPS images.  Next they performed the ANT.  On completion of the emotion report 

following the final block of trials, participants viewed ten cartoons accompanied by 

joyful background music. In total the experiment lasted approximately 45 minutes. 

Participants were debriefed in full.   

 
 

11.3.3 Results 

11.3.3.1 Data analysis 

The data of two participants were excluded from the analysis due to a 

technical fault (no sound due to a mal-functioning headset).  Another participant 

had extreme scores on several dependent variables and was also excluded - the 
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Mahalanobis distance score was particularly high for this participant compared 

with any other. 

 It was decided in advance that participants with errors in excess of 20% 

across all trials (i.e. 43 errors) would be removed from the analysis. However, none 

of the participants were excluded on this basis.  Mean error rate was 2.3% (range: 

0.5% - 8.3%).  In total, 63 participants were included in the actual analysis.  Median 

reaction times across each emotion, flanker and cue condition were calculated for 

each participant.   The attention network scores were calculated as follows: 

 

• Alerting = RT no cue (baseline) – RT centre cue 

• Executive attention costs = RT Incongruent trials – RT congruent trials (baseline) 

• Intrinsic alerting = RTs to uncued targets. 

 

11.3.3.2 Overall attention network data 

Initially a 2 (flanker: congruent, incongruent) x 2 (cue: no cue, centre cue) 

way repeated measures ANOVA was carried out on all RTs, irrespective of emotion 

condition.   In line with previous studies, there was a significant main effect of 

flanker, F(1, 62) = 527.63, p < .001.   Within-subjects contrasts revealed that RTs for 

incongruent trials, (M = 506.19ms, SE = 6.14), were significantly slower than for 

congruent trials (M = 450.80 ms, SE = 5.62), reflecting the costs associated with 

inhibiting irrelevant flanker information on incongruent trials.   

As expected, there was a main effect of cue, F(1, 62) = 228.34, p < .001.  

Within subjects contrasts showed that RTs to the target following the centre cue 

(M = 461.75, SE =5.45) were significantly faster than reaction times preceded by no 

cue (M = 495.24, SE = 6.25).  The main effects reported here reflect those reported by 

Fan et al. (2002) as well as Experiments 1 to 4. 

There was a significant interaction between flanker and cue, F(1, 62) = 46.73, 

p < .001. Flanker interference in the no cue condition was reduced compared to 

interference in the centre cue condition.  This pattern was also demonstrated by Fan 

et al. (2002) who suggested that the longer times to produce a response in the no cue 

condition can provide additional time for executive attention processes on 

incongruent trials, resulting in the reduction of differences in the congruent and 
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incongruent condition.  Overall, this reflects the pattern reported by Fan et al.  

(2002) as well as the results outlined in previous chapters.   

  

Fig. 11.2:  All data: Cue by flanker (N=63) 
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11.3.3.3 Emotion manipulation 

 

Fig. 11.3: Emotions reported in each emotion condition 
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Given the non-normal nature of emotion report data, non-parametric tests 

were used to examine the effectiveness of the emotion manipulation.  A Friedmans 

ANOVA was carried out on the amount of happiness reported during the happy, 

neutral and sad conditions.  The amount of happiness reported by participants 

differed significantly across the three conditions (�2 (2) = 79.1, p <.001).  The 

Wilcoxon test was used to compare happiness ratings between each pair of 

conditions.  Happiness in the happy condition (Mdn = 5.0) was significantly higher 

than happiness reported in the neutral condition, (Mdn = 3.0), T = 6, p <.001 and sad 

condition (Mdn =2.0), T = 0, p <.001.   

Similarly, the amount of sadness reported by participants differed 

significantly across each of the three conditions (�2 (2) = 80.9, p <.0001).   Sadness 

reported in the sad condition (Mdn= 4.0) was significantly higher than sadness 

reported in the neutral condition (Mdn = 1.0), T = 4, p < .001, and the happy 

condition (Mdn = 0.0), T=0, p < 001.  In the happy condition, a series of Bonferonni 

corrected Wilcoxon signed rank tests revealed that participants experienced 

significantly more happiness than any other emotion (all p’s <.001).  Similarly, in the 

sad condition participants experienced significantly more sadness than any other 

emotion (all p’s <.001). 

Emotion reports of each participant were also examined on an individual 

level.  Participants were retained in the analysis if they reported more happiness 

than sadness in the happy condition and more sadness than happiness in the sad 

condition.  This criterion was used to order to increase the likelihood that 

participants were experiencing the target emotion in the happy and sad conditions.  

This resulted in the further exclusion of 16 participants.  15 of these reported 

experiencing more happiness than sadness in the sad condition while one 

participant reported experiencing more sadness than happiness in the happy 

condition.  The exclusion of these participants resulted in a final sample size of 47.  

Mean happiness ratings in the happy condition was 5.26 (SD = 1.28) while sadness 

ratings in the sad condition were 4.68 (SD = 1.9) (Table 11.3).   
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Table 11.3: Emotions reported in the happy, neutral and sad conditions (N=47) 

 

Mean SD Median

Happy Condition

Happiness 5.26 1.82 6

Amusement 4.53 1.91 5

Contentment 4.57 1.87 5

Boredom 2.13 1.86 2

Disgust 0.11 0.31 0

Fear 0.17 0.52 0

Anger 0.28 0.80 0

Sadness 0.68 1.34 0

Neutral Condition

Happiness 2.64 1.89 3

Amusement 2.45 1.84 2

Contentment 3.13 1.94 3

Boredom 2.89 2.28 2

Disgust 0.43 1.04 0

Fear 0.36 0.90 0

Anger 0.47 1.23 0

Sadness 1.66 1.99 1

Sad Condition

Happiness 1.40 1.39 1

Amusement 1.06 1.51 0

Contentment 1.53 1.36 1

Boredom 1.89 1.96 1

Disgust 2.15 1.92 2

Fear 1.49 1.83 1

Anger 1.81 2.05 1

Sadness 4.68 1.90 4

 

 

 

In terms of the order in which each condition was presented; each of the six 

possible orders was distributed relatively evenly across the 47 participants.  32% of 

participants experienced the happy or sad condition first, while 36% experienced 

the neutral condition first  (Table 11.4). 
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Table 11.4: Frequency of participants by condition order 

Condition Order Frequency Percent

Happy - Neutral - Sad 7 15

Happy - Sad - Neutral 8 17

Happy condition first 15 32

Neutral - Happy - Sad 10 21

Neutral - Sad - Happy 7 15

Neutral condition first 17 36

Sad - Happy - Neutral 6 13

Sad - Neutral - Happy 9 19

Sad condition First 15 32

 

 

 
Table 11.5:  Median RT and attention network scores by emotion condition 

 M SD M SD M SD

No 494 49 491 51 511 52

Centre 464 47 459 50 470 47

Alerting 30 24 32 23 41 27

Incongruent 505 47 503 53 516 48

Congruent 450 44 447 48 460 51

Executive 55 26 55 26 56 21

Neutral Happy Sad

 
 
 
 

11.3.3.4 The effect of happiness and sadness on alerting 

  The alerting effect in each emotion condition (neutral, happy, sad) was 

calculated by subtracting each participant's median RT for the ‘centre cue’ trials 

from their score on ‘no cue’ trials, irrespective of flanker type.   

A one-way ANOVA was conducted to examine alerting scores in the neutral, 

happy and sad conditions.  There was a main effect of emotion on RTs, F(2, 92)=4.55, 

p =.013.  Pairwise comparisons revealed that alerting in the sadness condition (M 

= 40.88, SE = 3.96) was significantly greater than alerting in the neutral (M = 30.27, 

SE = 3.49) or the happy conditions (M = 31.90, SE = 3.31).  To examine this in more 

detail, a 3 x 2 way ANOVA was conducted with two within-subjects factors:  

emotion (neutral, happy and sad) and cue (no cue, centre cue).  As expected, there 
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was a main effect of cue, with RTs being faster following cued compared with 

uncued (no cue) trials, F(1, 46) = 144.64, p < .001.  There was a significant interaction 

between emotion and cue condition, F (2, 92) = 4.55, p = .013, reflecting the alerting 

effect already described.  However, examination of RTs in each cue condition 

revealed that this effect was predominantly due to slower RTs on uncued (no cue) 

trials during sadness (see Fig. 11.4) rather than faster RTs for cued targets.   This is 

suggestive of reduced intrinsic alerting or general arousal levels, rather than 

increased phasic alerting which is characterised by increased readiness to respond 

to an impending target10.      

There was a main effect of emotion on RTs, F (2, 92) = 10.33, p < .001.  A 

priori contrasts revealed that RTs in the sadness condition (M = 490.24, SE = 6.99) 

were significantly slower than RTs in the neutral condition (M = 478.72, SE = 6.78) 

and the happy condition (M = 475.15, SE = 7.13).  There was no differences in RT in 

the happy compared with the neutral condition.   

 

Fig. 11.4: Cue RT by condition 

 

 

 

 

 

 

 

 
 
 
 
 

                                                 
10 Although larger alerting scores usually imply more efficient alerting, this is not always the case.  In 
general, the RT in the no-cue condition is assumed to reflect a baseline against which RTs to a cued 
target are assessed.  However, if the baseline varies across conditions, as is the case here, the alerting 
score needs to be interpreted with care. A larger alerting score which is due to longer RTs in the 
uncued condition does not indicate facilitated alerting; rather it suggests reduced intrinsic alertness or 
general arousal levels.   
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11.3.3.5 The effect of happiness and sadness on executive attention costs. 

A one–way ANOVA was carried out to examine the effect of emotion on 

executive attention.  There were no significant differences in executive attention 

costs across the three conditions, F (2, 92) = .03, p = .97.   

A 3 x 2 way ANOVA was conducted to examine reaction times by flanker 

type.  There was a main effect of flanker, F ( 1, 46) = 430.55, p < .001; as expected,  

participants took longer to respond to incongruent compared with congruent trials.  

There was no interaction between emotion and flanker, F (2, 92) = .03, p =.97.  

Compared with the control condition, there was no evidence that participants in the 

happy condition experienced an increase in executive attention costs on incongruent 

compared with congruent trials.  Nor was there any evidence to suggest that 

participants experienced a reduction in costs on incongruent trials in the sad 

compared with the neutral condition (Fig. 11.5). 

There was main effect of emotion on RT, F (2, 92) = 7.01, p =.001.  A priori 

contrasts showed that RTs in the sad condition (M = 488.22, SE =  7.10) were 

significantly slower than RTs in the happy (M = 474.92, SE = 7.10) and neutral 

(M = 477.13, SE = 6.40) conditions. 

 

 

Fig. 11.5:  Flanker by reaction time 
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11.3.3.6 The effect of happiness and sadness on intrinsic alerting  

Intrinsic alerting was assessed by examining median reaction times to 

uncued targets.    A one-way ANOVA with emotion condition as the independent 

variable revealed a main effect of emotion, F(2, 92) = 17.75, p < .001.  A priori 

contrasts showed that reaction times for uncued trials were significantly slower in 

the sadness condition compared with the neutral condition,  F(1, 46) = 25.72, p < .001 

and happy conditions F(1, 46) = 24.49, p < .001.  There was no difference in reaction 

times in the happy and neutral conditions, F < 1 (Fig. 11.6). 

 

 
Fig. 11.6:  Intrinsic alerting (RT to uncued targets) 

 
 
 

11.3.3.7  Attention network performance and baseline mood 

Attention network scores were collapsed across the happy, sad and neutral 

condition to obtain attention network performance scores for each participant 

irrespective of emotion condition.   There were no significant correlations between 

alerting scores or executive attention costs and baseline positive affect (PA) and 

negative affect (NA).   
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11.3.4 Discussion 

This experiment examined the effect of happiness and sadness on alerting 

and executive attention.   In comparison to a neutral baseline state, happiness had 

no effect on alerting and did not impair executive attention.  In the sad condition 

participants showed reduced intrinsic alertness; however there was no effect of 

sadness on executive attention.  Contrary to Experiment 2 in which no effect of 

sadness on phasic alerting was found; in the sad condition here, participants had 

higher phasic alerting scores compared with those in the neutral and happy 

conditions.  However, further analysis revealed that this was primarily due to 

reduced intrinsic alertness in the sadness condition (i.e. general arousal levels) as 

opposed to faster RTs in responding to an impending stimulus.  

The finding that happiness does not increase executive attention costs 

reflects the results reported in experiment 1 and 2.  In both these experiments, 

amusement (Experiment 1) and happiness (Experiment 2) were not found to 

influence executive attention.  Taken together, these results provide little support 

for the broaden-and-build theory of positive emotions (Fredrickson, 1998).  Indeed, 

to date evidence for broadening is limited (Fredrickson & Branigan, 2005; Rowe et 

al., 2007); and  some studies have not found a broadening effect of positive emotions 

in context of neutral stimuli (Finucane & Whiteman, 2007; Wadlinger & Isaacowitz, 

2006; Walton, 2003).  More recently researchers have demonstrated that positive 

affective states that are high in approach motivation actually narrow attentional 

focus (Gable & Harmon-Jones, 2008).  Thus, it seems that the hypothesis that 

positive emotions broaden attention is overly simplistic, and that other factors such 

as approach motivation and the valence of the target stimulus influence executive 

attention during positive emotional states. 

In the current experiment, sadness was found to increase alerting scores.  At 

first glance this suggests faster mobilisation of attentional resources in response to 

an impending (cued stimulus) in sadness.  However, an analysis of RTs to cued and 

uncued targets revealed that when participants experienced sadness, they were 

slower to respond to an uncued target in the sadness condition, which increased the 

alerting score (RT in the no cue condition – RT in the cued condition).  This suggests 

that higher alerting scores in sadness are due to longer RTs for uncued trials 
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(reduced intrinsic alertness), as opposed to an enhanced readiness to respond to an 

impending target (enhanced phasic alertness). 

The finding here that here that increased phasic alerting scores can also be 

interpreted in terms of less efficient intrinsic alerting suggests that the ANT scores 

need to be interpreted with care.   For instance, the phasic alerting score is 

calculated by subtracting RTs to cued targets from RTs to uncued targets.  A larger 

phasic alerting score may be due to longer RTs in the no-cue condition (indicating 

reduced intrinsic alertness) or shorter RTs in the cued condition (indicating more 

efficient phasic alerting and increased readiness to respond to a cue), or a 

combination of both.  Similarly confounding factors exist for the orienting and 

executive attention networks.  Therefore, to correctly interpret the ANT, RTs in both 

conditions used to calculate each network score, need to be carefully examined.   

In the present study, sadness was found to slow overall RTs and to reduce 

intrinsic alertness.   Intrinsic alertness reflects the internal control of wakefulness 

and arousal (Sturm et al., 1999).  Taken together, the findings both here and in 

Experiment 2 suggest that sadness induced by sad images (Experiment 2) or by sad 

music plus images, reduces non-specific excitability and arousal.  Pereira et al. 

(2006) showed that participants were slower to respond on a visual detection task 

after viewing unpleasant as opposed to pleasant pictures or control images.  It is 

possible that reduced intrinsic alertness experienced by sad participants is 

associated with withdrawal or avoidance responses which slow the individual’s 

general arousal levels and physiological preparedness to respond to external 

stimuli.   

Sadness did not influence executive attention in this present experiment or 

in Experiments 2 and 3.  Given these findings and the findings of other researchers 

who have failed to find an effect of sadness on attentional narrowing (Rowe et al., 

2007), it is proposed that sadness does not reduce executive attention costs and 

enhance selective attention.  Thus, the proposal that negative emotions narrows 

attention (Fredrickson, 1998) did  not find support.  In Experiment 4, fear was found 

to reduce executive attention costs, a finding which is supportive of previous 

studies on fear related states and enhanced selective attention (Derryberry & Reed, 

1998; Easterbrook, 1959).  Taken together these finding suggest that fear, but not 

sadness, reduces executive attention costs, as opposed to negative emotions in 
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general.  In Experiment 6, the effect of fear and sadness on alerting and executive 

attention will be examined.   
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11.4:  Experiment 6:  The Effect of Fear and Sadness on 

Attention:  A Replication Study. 

 

11.4.1 Introduction 

The results of previous experiments suggest that sadness does not influence 

phasic alerting, orienting or executive attention (Experiments 2, 3 and 5), but that it 

reduces intrinsic alertness (Exp 2 and 5).  In contrast, Experiment 4 demonstrated 

that fear reduces executive attention costs.  The primary aim of the current is to 

replicate these findings in a single experiment using a music-plus-images 

manipulation. 

 

11.4.1.1 Hypothesis 

 

It was hypothesized that: 

 

• There will be no effect of sadness on executive attention costs (as in Experiment 

2, 3 and 5). 

• Fear will enhance executive attention (i.e. result in lower executive attention 

costs) relative to sadness and a control condition. 

• Sadness will reduce intrinsic alertness relative to a neutral and fearful state. 

 
 

11.4.2 Method 

11.4.2.1  Design 

This experiment has a within-subjects design – all participants experienced 

the fear, sadness and control conditions.  The order of conditions experienced was 

counterbalanced. 
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11.4.2.2  Participants 

62 participants took part in this study (69% female, 31% male).  The mean 

age of participants was 22.1 years (SD = 2.58).  77.4% of participants were from the 

UK, 9.7% were from other European countries, 8.1% were from China, 3.2% were 

from the US or Canada and 1.6% was from Nigeria. 

 

11.4.2.3  Emotion induction materials 

 

11.4.2.3.1 IAPS images 

The same IAPS images used in Experiment 5 were used in the sadness and 

neutral conditions here.  Similarly, the images used to elicit fear in Experiment 4 

were also used in the fear condition in this experiment.  However, as 12 images 

were required per condition, an additional 4 images were used in this study.  These 

4 images were chosen from the IAPS stimulus set based on low levels of 

pleasantness and high arousal, or they were images that had been identified by 

Mikel’s et al. (2005) as eliciting more fear than any other basic negative emotion in 

participants (Table 11.6).   

Mean standardized valence scores for images shown in the fear, sad and 

neutral conditions were 3.68, 2.37 and 5.78 respectively.  Mean arousal scores were: 

6.38 (fear), 5.63 (sad) and 3.33 (neutral).  Overall arousal levels differed significantly 

across the three conditions, F(2, 22) = 127.37, p < .001.   Pairwise comparisons 

showed that the fear images were characterised by significantly higher levels of self-

reported arousal, compared with images in the sad and neutral conditions.  The 

neutral images were characterised by the lowest levels of arousal.  The stimuli also 

differed in terms of overall valence, F(2, 22) = 40.72, p < .001.  The sad images were 

characterised by significantly lower levels of pleasantness compared with the fear 

and neutral images.  In turn, the fear images had significantly lower pleasantness 

scores than the neutral images.   

 

11.4.2.3.2 Music stimuli 

As participants performed the attention network test, they were exposed to 

background music via headphones.  Barber’s Adagio for Strings was played during 
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the sad condition while The Awakening of Jacob by Krzysztof Penderecki (from 

Stanley Kubrick’s – The Shining) was played during the fear condition.  In the 

neutral condition, an instrumental piece called Contemplation CD was played. 

 

Table 11.6:  IAPS images used in the fear, sadness and neutral condition 

 

Fear Cond IAPS no. IAPS Description Valence Arousal 
1 1022 Snake 4.26 6.02 
2 5971 Tornado 3.49 6.65 
3 1201 Spider 3.55 6.36 
4 1301 Dog 3.70 5.77 
5 1052 Snake 3.50 6.52 
6 1930 Shark 3.79 6.42 
7 1050 Snake 3.46 6.87 
8 1931 Shark 4.00 6.80 
9 1321 Bear 4.32 6.64 

10 1113 Snake 3.81 6.06 
11 9600 Ship 2.48 6.46 
12 1110 Snake 3.84 5.96 

Mean 3.68 6.38 

Sad Cond IAPS no. IAPS Description Valence Arousal 
1 3220 Hospital 2.49 5.52 
2 3230 Dyingman 2.02 5.41 
3 3301 Injuredchild 1.8 5.21 
4 3350 Infant 1.88 5.72 
5 6570 Suicide 2.19 6.24 
6 9050 Planecrash 2.43 6.36 
7 9415 Disabled 2.82 4.91 
8 9470 Ruins 3.05 5.05 
9 9520 Kids 2.46 5.41 

10 9611 Planecrash 2.71 5.75 
11 9910 Autoaccident 2.06 6.2 
12 9920 Autoaccident 2.5 5.76 

Mean 2.37 5.63 

Neutral Cond IAPS no. IAPS Description Valence Arousal 
1 1450 Gannet 6.37 2.83 
2 1670 Cow 6.81 3.05 
3 1910 Grouper 9.71 3.29 
4 1942 Turtles 6.26 4.01 
5 2200 NeutFace 4.79 3.18 
6 2214 NeutMan 5.01 3.46 
7 2383 Secretary 4.72 3.41 
8 2385 Girl 5.20 3.64 
9 2516 ElderlyWoman 4.90 3.50

10 2575 Propeller 5.46 4.16 
11 2840 Chess 4.91 2.43 
12 2880 Shadow 5.18 2.96 

Mean 5.78 3.33 
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11.4.2.4  Self-report measures 

 
11.4.2.4.1 PANAS  

The PANAS was used to assess baseline levels of PA and NA as in 

Experiment 5. 

 

11.4.2.4.2 Emotion manipulation check 

On completion of each block of ANT trials participants rated the extent to 

which they experienced happiness, sadness, fear, anger, disgust, amusement, 

contentment and boredom,  on a 9-point scale where 0 represented ‘none at all’ and 

8 represented ‘a great deal’.  The eight emotion scales were presented in random 

order on the computer monitor. 

 

11.4.2.5  Attention Network Test 

The ANT used in the present experiment was the same as that used in 

Experiment 5, already described in this chapter.  The only difference was that fear 

images were used instead of happy images.  The Instructions for participants were 

also the same (Appendix C). 

 

11.4.2.6  Mood repair 

A set of ten Far Side cartoons were automatically presented to participants 

on completion of the ANT.  The cartoons were accompanied by joyful music - 

Mozart’s Rondo.  The goal of the cartoons and music was mood repair. 

 

11.4.2.6  Procedure 

Participants were tested individually in a small quiet individual cubicle.  On 

arrival, participants completed the Positive and Negative Affect Schedule (PANAS).  

Next they were shown the modified attention network test.  Following a set of 

demonstration trials, they performed a practice set of 24 trials which were 

interspersed with four IAPS images.  Next they performed that actual ANT.  On 

completion of the emotion report following the final block of trials, participants 
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viewed ten cartoons accompanied by joyful background music.  In total the 

experiment lasted approximately 45 minutes. Participants were debriefed in full.   

 
 

11.4.3 Results 

11.4.3.1 Data Analysis 

It was decided in advance that participants with errors in excess of 20% 

across all trials (i.e. 43 errors) would be removed from the analysis. However, none 

of the participants were excluded on this basis.  The maximum error rate was 9%.  

As in previous experiments, median RTs were calculated for each participant by 

cue, flanker and emotion condition.  

Two participants were excluded from the reaction time analysis as they had 

extreme reaction times on key dependent variables.  Furthermore, the Mahalenobis 

Distance scores for these two participants were much greater than all other 

participants based on their reaction times on four variables (Congruent - No cue, 

Congruent-Centre, Incongruent-No, Incongruent-All).  The exclusion of these two 

participants resulted in a sample size of 60 for the general reaction time analysis, 

 
 

11.4.3.2  Overall attention network data 

A 2 (Flanker: congruent, incongruent) x 2 (Cue: no cue, centre cue) way 

repeated measures ANOVA was carried out on all RTs, irrespective of emotion 

condition.   In line with previous experiments, there was a significant main effect of 

flanker, F(1, 59) = 590.75, p < .001.  RTs for incongruent trials, (M = 508.75 ms, SE = 

5.72), were significantly slower than RTs for congruent trials (M = 453.04 ms, SE = 

5.23) reflecting the costs associated with inhibiting irrelevant information on 

incongruent trials (Fig. 11.7).   

As expected there was a main effect of cue, F(1, 59) = 236.77, p < .001.  RTs to 

the target following the centre cue (M = 462.09, SE = 4.98) were significantly faster 

than RTs preceded by no cue (M = 499.73, SD = 5.98).  The main effects reported 

here reflect those reported by Fan et al. (2002) as well as the patterns outlined in 

previous experiments.   
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Additionally, there was a significant interaction between flanker and cue, 

F(1, 59) = 32.31, p < .001.  Flanker interference in the no cue condition was reduced 

compared to interference in the centre cue condition.  This finding is similar to that 

reported by Fan et al. (2002) who suggested that the longer times to produce a 

response in the no cue condition can provide additional time for executive attention 

processes in the conflict condition, resulting in the reduction of differences in the 

congruent and incongruent condition.   

 

Fig. 11.7: Mean RTs in the cue and flanker conditions 
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11.4.3.3 Emotion manipulation 

Given the non-normal nature of emotion report data, non-parametric tests 

were used to examine the effectiveness of the emotion manipulation.  A Friedman’s 

ANOVA was conducted on the amount of fear reported during the fear, neutral and 

sad conditions.  Fear reported by participants differed significantly across the three 

conditions (�2 (2) = 70.78, p < .001).  The Wilcoxon test was used to compare fear 

ratings between each pair of conditions.  Fear in the fear condition (Mdn =2.0) was 

significantly higher than fear reported in the neutral condition, (Mdn = 0.0), T = 1, 

p < .001 and fear reported in the sad condition (Mdn =1.0), T = 7, p <.001 (Fig. 11.8). 
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Fig. 11.8:  Emotion reported in each condition (N=60) 

Mean emotion reported in each condition (N =60)
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A series of Wilcoxon signed rank tests (Bonferonni correction applied) were 

conducted to compare the amount of the target emotion reported in comparison to 

the non-target emotions within each condition.  In the fear condition, participants 

reported significantly more fear than anger and sadness.  However, critically, the 

difference between fear and amusement was not significant, nor was the difference 

in the amount of fear and boredom experienced.  Similarly, after applying the 

Bonferroni correction, there was no significant difference between the amount of 

fear, contentment, disgust and happiness reported.  Furthermore, emotion reports 

were examined at an individual level - only 21 of the 60 participants reported more 

fear than any other emotion in the fear condition.  In sum, the results of the emotion 

manipulation analysis suggest that the fear manipulation was unsuccessful.  Given 

the weakness of the fear manipulation, the fear data was excluded from further 

analysis.  Issues relating to eliciting fear in the lab are discussed in a later section of 

this chapter. 

In terms of sadness, the amount of sadness reported by participants differed 

significantly across each of the three conditions (�2 (2) = 84.58, p <.001).   Sadness 

reported in the sad condition (Mdn= 5.0) was significantly higher than sadness 

reported in the neutral condition (Mdn = 1.0), T = 0, p < .001, and the fear condition 

(Mdn=1.0), T=4, p <001.  Furthermore, in the sadness condition, participants 

reported more sadness than any of the other seven emotions, with the Bonferonni 
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correction applied (All ps < .001).  This suggests that the sadness manipulation was 

successful. 

Individual level analyses revealed that 39 out of 60 participants reported 

more sadness than any other emotion in the sadness condition.  These 39 

participants were retained for the reaction time analysis (Table 11.7).  The following 

analysis therefore examined the effect of sadness in comparison to a control 

condition on alerting and executive attention. 

 

Table 11.7: Emotions reported in the neutral and sad conditions (N=39) 

Emotion Reports N Mean SD Median Minimum Maximum

Neutral Condition

Amusement 39 2.62 2.06 2 0 7

Anger 39 0.26 0.55 0 0 2

Bordeom 39 2.95 2.13 3 0 7

Contentment 39 4.28 1.99 4 0 7

Disgust 39 0.10 0.38 0 0 2

Fear 39 0.31 0.69 0 0 3

Happiness 39 3.64 2.07 3 0 8

Sadness 39 1.67 1.66 1 0 6

Sad Condition

Amusement 39 0.79 2.06 0 0 6

Anger 39 2.41 0.55 3 0 5

Bordeom 39 1.59 2.13 1 0 6

Contentment 39 1.41 1.99 1 0 7

Disgust 39 2.21 0.38 3 0 6

Fear 39 1.92 0.69 2 0 5

Happiness 39 1.05 2.07 0 0 4

Sadness 39 6.08 1.66 6 3 8

 
 
 

11.4.3.4 The effect of sadness on alerting 

  The alerting effect in each emotion condition (neutral and sad) was 

calculated for each participant by subtracting each participant's median RT for 

‘centre cue’ trials from their score for ‘no cue’ trials, irrespective of flanker type.  

There was no difference in alerting for participants in sad versus the neutral 

condition. t(38) = .351, p = .728 (Table 11.8).   
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Table 11.8:  Mean alerting and executive attentions costs 

Mean SD Mean SD

No cue 501 45 497 51

Centre cue 459 44 456 43

Alerting 43 18 41 22

Incongruent flanker 509 44 501 46

Congruent flanker 448 46 448 46

Executive attention 59 22 53 23

Neutral Sad

 
Note:  Intrinsic alerting is based on RTs on’no cue’ trials. 

 

11.4.3.5 The effect of sadness on executive attention costs 

Executive attention costs were calculated for each participant by subtracting 

their median reaction times to congruent trials from their reaction times to 

incongruent trials. There was a non-significant trend towards an effect of sadness on 

executive attention costs, t(38) = 1.67, p =.104 suggesting that executive attention 

costs in the sad condition (M = 53.03, SD = 23.01) were slightly lower than costs in 

the neutral condition (M = 58.91, SD = 22.29).   

 

11.4.3.6  Intrinsic alerting 

Intrinsic alerting was assessed by examining reaction times in the no-cue 

trials.  There was no difference in alerting for participants in sad versus the neutral 

condition. t(38) = 1.036, p = .31.   

 

11.4.3.7   Error Analysis 

The mean total number of errors across all conditions was 5.45 (SD = 4.72), 

which equates to 2.5% of all trials.  The was no significant difference in the number 

of errors in the neutral (M = 1.87, SD = 1.94) and the sad (M =1.62, SD =1.83) 

conditions    
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11.4.3.8 Attention network performance and baseline mood 

Attention network scores were collapsed across the fear, sadness and neutral 

condition to obtain attention network performance scores for each participant 

irrespective of emotion condition.   There were no significant correlations between 

overall alerting or executive attention costs and baseline positive affect (PA) and 

negative affect (NA).   

 

11.4.4 Discussion 

In the current study participants experienced fear, sadness or a neutral 

condition and carried out the attention network test.  However, due to the 

ineffectiveness of the fear manipulation – 63% of participants reported experiencing 

higher levels of an emotion other than fear in the fear condition - only data relating 

to the sadness and the neutral condition were examined.   

There are several possible reasons why the fear manipulation worked in 

Experiment 4, but not in the current experiment.  In Experiment 4, participants were 

shown fearful images for 1 second, in comparison to 6 seconds in the current 

experiment.  It is possible that a one second exposure is more effective in eliciting an 

automatic fear response, whereas with longer exposure participants begin to 

regulate their emotions, and the initial defensive response associated with the 

sudden onset of a threatening image is diluted.  Indeed, evidence shows that 

attention for threatening stimuli varies with time – for instance,  initial orienting to 

threatening information is followed by subsequent avoidance (Calvo & Avero, 

2005).  In their study, Calvo and Avero presented images for 3 seconds and found 

initial orienting to emotional images for the first 500 ms as well as greater avoidance 

from harm related images for the last 1000 ms as individuals begin to regulate their 

response to threatening images on longer presentations.  Thus, shorter presentations 

of fear related images may be more effective in eliciting fear.  In contrast, a 6-second 

presentation of sadness-related images seems to be effective in eliciting a sadness 

response.  It is likely that the time course in sadness may differ than in other 

emotions; longer and repeated exposures to sad stimuli may increase thoughts and 

feelings associated with sadness, and the experience of sadness itself.  In contrast, as 
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seems to be the case here, longer presentations of fear related stimuli may appear 

amusing or boring to participants.  Further research would be useful to examine the 

optimal number of exposures and presentation durations required to elicit discrete 

emotional states using emotional images.  The standardized IAPS ratings are based 

on 6 second exposures; however, the elicitation of fear responses may require 

shorter exposure durations, at least to stimuli that tend to elicit an automatic fear 

response such as snakes and spiders.   

Other reasons for the effectiveness of the fear manipulation in Experiment 4, 

but not in Experiment 6, may relate to the music-plus-image combination used here.  

Some participants seem to have found the combination of scary music (from the 

movie The Shining) with images of snakes, spiders, sharks and vicious animals, 

amusing.  Indeed, 30 participants (48%) reported no more fear than amusement in 

the fear condition; and 24 participants (39%) reported higher levels of amusement 

than fear in the fear condition.  This highlights one of the difficulties in combining 

music and images – whereas on their own, the images and sound stimuli may elicit 

a target emotion; when combined, this may result in the emergence of another 

affective response.  Thus, piloting of the combined emotion plus music stimuli, as 

opposed to piloting music and images separately, is recommended prior to use in a 

lab setting. 

Another difference in Experiment 4 and the current experiment relates to 

sample composition.  In Experiment 4, all participants were female, in comparison, 

females accounted for 69% of the sample in the current experiment.  Although there 

was no significant difference in the level of fear reported in the fear condition by 

females compared with males, mean fear reported by females (M = 3.47, SD = 2.69) 

was higher than mean fear reported by males (M =2.84, SD = 2.41), reflecting a small 

to medium effect size (d =.25).  This suggests that given a larger sample, gender 

differences in levels of reported fear may have been found.  There is some recent 

evidence for greater sustained anxiety in females compared with males (Grillon, 

2008), which suggest that gender composition across samples may have an influence 

on emotional response to threat.  Consequently further investigations of the 

influence of gender on the experience and reporting of emotion would be useful.  

In contrast to fear, the sadness manipulation appeared to be more effective 

in eliciting a sadness response.  As in previous experiments, there was no difference 
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in alerting in the sad condition in comparison to the neutral baseline.  However, 

neither was there a difference in intrinsic alertness during sadness in comparison to 

the neutral condition.   This contrasts with Experiments 2 and 5 in which sadness 

was found to reduce intrinsic alertness.  It is possible that intrinsic alerting was not 

reduced in the current study due to fear expectancies - participants were aware that 

they would experience each of the conditions during the experiment – fear, neutral 

and sadness.  It is therefore possible that the expectation that the fearful images had 

yet to appear may have reduced the impact of sadness on intrinsic alertness.  

Additionally, there was a non-significant trend suggesting enhanced selective 

attention in the sadness condition. This may have been due to higher levels of 

sadness in the current study in comparison to previous studies in which an effect of 

sadness on executive attention was not found.  However, a comparison of sadness 

emotion reports show that the levels of sadness in the current study were not 

significantly higher than that reported in Experiment 2, so an explanation for this 

trend in terms of sadness intensity is not appropriate.  Given that there was only a 

non-significant trend towards reduced executive attention costs in the current 

study, whereas previous experiments found no effect (Experiments 2, 3 & 5), 

importance should not be placed on this finding at present. 

Further research is required to examine the issue of emotion contagion 

across experimental conditions when within-subjects designs are used.  In many 

studies of emotional influence on cognition, between-subjects designs are used to 

circumvent this problem; however, such designs require relatively large sample 

sizes and increase unsystematic error due to individual differences.  In any case, a 

clearer understanding of emotion contagion for studies of emotion in experimental 

settings is necessary. 
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11.5 General Discussion 

In both experiments outlined in this chapter, a combination of images and 

music was used to elicit emotion.  In Experiment 5, there was no effect of happiness 

or sadness on alerting or executive attention, reflecting the findings reported in 

Experiments 1 to 3.  Furthermore, sadness was found to reduce intrinsic alertness, as 

in Experiment 2.  Sadness was also found to increase phasic alerting scores, but 

closer analysis revealed that this was due predominantly to reduced intrinsic 

alerting, rather than faster response times to a cued target.   In Experiment 6, the 

images-plus-music manipulation was ineffective in eliciting more fear than any 

other emotion during the fear manipulation, consequently the hypotheses relating 

to fear could not be tested.  The sadness manipulation appeared to be more 

effective; however the previous finding that sadness reduces intrinsic alertness was 

not replicated.  Possible reasons for this include fear expectancies in the sadness 

condition and emotion contagion across groups. 

As the same emotion report scales have been used to assess the effectiveness 

of the emotion manipulation in all experiments reported so far, it was possible to 

compare the effectiveness of using image-only compared with image-plus-music 

emotion manipulations.  In Experiment 2, images-only were used to elicit 

happiness, sadness and a neutral (i.e. non-emotional) state in participants, while in 

Experiment 5, images-plus-music were used.  A comparison of happiness scores in 

the happy and neutral conditions in both experiments is shown in Table 11.9.  The 

emotion report data suggests that the addition of music to images does not 

significantly increase happiness ratings, and is no more effective than images alone 

in eliciting happiness in a lab setting.  However, the two experiments are not 

identical in design.  Experiment 2 is has a between subjects design, so participants 

only experienced one emotion manipulation and the attention task they were 

required to perform was much shorter.  In Experiment 5 participants experienced all 

three conditions (happy, sad, and neutral) and the task duration was longer.  

Increased task duration and the possibility of emotion contagion between 

conditions may reduce the effectiveness of the music-plus-images manipulation in 

comparison to the images manipulation alone.  Further studies that specifically 
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compare the effectives of emotion induction stimuli across similar study designs 

would be useful.   

 

 

Table 11.9:  Happiness reported in the happy and neutral conditions in Experiment 5 

(Images plus music) and Experiment 2 (images only) 

Exp. 5 Exp. 2

All participants Images & Music Images only Z p

Happiness in the happy condition

Median 5.00 5.00 -0.17 0.99

Mean 5.19 5.01

SD 1.74 1.84

n 63 59

Happiness in the Neutral condition

Median 3.00 3.00 -0.219 0.83

Mean 3.10 2.95

SD 2.01 1.69

n 63 60

 

 

 

In terms of eliciting sadness, images only (Experiment 2) appeared to be 

more effective than sadness and images combined (Table 11.10).  Indeed, one of the 

drawbacks in using sad music to elicit sadness in a lab-setting is that many people 

enjoy listening to sad classical music.  Indeed, some people find that sad music 

increases positive mood in general, rather than increasing sadness specifically.  In 

Experiment 5 (where sadness was elicited using music-plus-images) 24% of 

participants reported higher levels of happiness than sadness during the sad 

condition.  This highlights the large individual differences in an individual’s 

emotional response to music, with factors such as musical preferences shaping an 

individual’s emotional response to a particular piece of music (Kreutz et al., 2008; 

Zentner, Grandjean, & Scherer, 2008).  Therefore, combining music and images is 

likely to result in a greater variance in emotional responding compared with images 

alone. 
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Table 11.10:  Sadness reported in the sad and neutral conditions in Experiment 5 (sad 

images plus music) and Experiment 2 (sad images only)*. 

Exp. 5 Exp. 2

All participants Images & Music Images only Z p

Sadness in sad condition

Median 4.00 5.33 -2.37 .0l

Mean 4.02 4.97

SD 2.24 1.83

n 63 60

Sadness in neutral condition

Median 1.00 1.16 -1.39 .2l

Mean 1.41 1.54

SD 1.89 1.64

n 63 60

 

*Note:  In Experiment 2, only participants who scored above the median level of sadness 
were included in the main data analysis.  However, for comparison purposes, here the 
emotion report scores based on all participants in the sadness condition are included.  

 

 

In relation to fear elicitation, the effectiveness of images-only (Experiment 4) 

versus images-plus-music was examined by comparing emotion reports in 

Experiment 4 (fear induced by images) with emotion report data in Experiment 6 

(fear induced by images and music).  Both experiments had a within-subjects 

design, though Experiment 6 included two negative emotion conditions (fear, 

sadness, neutral) whereas Experiment 4 only included a fear and neutral condition.  

Both also differed in terms of sample composition:  Experiment 4 consisted of 

females only, whereas females accounted for 69% of participants in Experiment 6.  

Fear reports in the images-only experiment were marginally significantly higher 

than the fear reports following the image-plus-music manipulation.  As discussed, 

there are various possible reasons for higher levels of fear following the image-only 

manipulation.  Firstly, shorter presentations of fear images may be more effective 

than longer presentations as participants do not have time to regulate their 

emotional response while the image is presented.  Thus, higher fear scores in 

Experiment 2 may be due to the shorter image presentation time (i.e. 1000 ms) 

compared with Experiment 5 (6000 ms).  Secondly, higher fear scores following 

images-only may be because participants found the scary music amusing during the 

image-plus-music manipulation.  Or, the combination of snakes and spider images, 

which some people may not have found scary, with ‘scary’ music, may have elicited 
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amusement.  Indeed, nearly 39% of participants reported greater levels of 

amusement than fear in the fear condition when fear was elicited by images plus 

music.   

It is also interesting to note that fear in the neutral condition was 

significantly higher in Experiment 4 than in Experiment 6.  This may be due to 

sample composition (all females in Experiment 4) or it may be due to the fact that 

Experiment 6 consisted of two negative emotion manipulations, which may have 

influenced negative emotion scores in the baseline condition in an idiosyncratic 

way.  For example, the scores for discrete emotions reported in the neutral condition 

are likely to be influenced by whether or not the neutral condition was preceded by 

a sad or fear condition.   So, for some participants, sadness scores in the neutral 

condition will be higher than fear scores.  In this way, the inclusion of the second 

negative emotion condition might differentially influence baseline emotion reports.   

It may be the case that music is more appropriate in eliciting positive and 

negative affective states in general, as opposed to a discrete emotional state such as 

fear and sadness.  Indeed, while music has often been used to elicit happiness and 

sadness, few studies have been used to elicit other discrete emotions such as anger, 

fear and disgust, and identifying appropriate music to elicit these emotions might 

represent a difficult if not impossible task.   Furthermore, combining music and 

images may result in emergent emotions (e.g. amusement) which might not occur if 

the music or images were presented separately11.   In future studies, it is worthwhile 

to consider that:  (i) when more than one negative emotion condition is being 

examined, a between-subjects design may be most appropriate in order to reduce 

emotion contagion across conditions, (ii) that images-plus-music manipulations are 

no more effective than images alone in eliciting sadness and fear;  (iii) that gender 

may influence the intensity and variation in emotion responding, though further 

research is required to examine this;  and that (iv) combined manipulations should 

be piloted in advance of use. 

 

 

                                                 
11 Here the focus is on combining still images with music.  Film clips involve a combination 
of dynamic images and music, but are not the subject of the current discussion.  
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Table 11.11:  Fear reported in the fear condition and in the neutral condition in 

Experiment 4 (images only) and Experiment 6 (images plus music) 

Exp. 6 Exp. 4

All participants Images & Music Images only Z p

Fear in fear condition

Median 2.0 4.0 -1.84 .065

Mean 3.27 3.98

SD 2.61 2.43

n 62 97

Fear in neutral condition

Median 0.0 0.0 -2.87 .004

Mean 0.32 0.76

SD 0.78 1.25

n 62 97

 

 

11.6 Conclusion 

In this chapter two experiments were conducted using images-plus-music to 

elicit target emotions.  For the most part, the general findings replicated the results 

of previous chapters – there was no effect of happiness or sadness on alerting or 

executive attention; but an effect of reduced intrinsic alerting in sadness was found. 

A comparison of emotion reports in experiments which use images versus a 

combination of images and music suggests that: i) images-plus-music manipulations  

are no more effective than images alone in eliciting self-reported happiness in 

participants, ii)  images-only may be more effective than images-plus-music in 

eliciting sadness in participants, as many participants enjoy sad music, and iii) 

combining images and music to elicit target emotions needs to take into account the 

possibility that music and images combined may result in emergent emotional 

responses that would not be elicited had either music or images been presented 

alone.  Further research examining the effectiveness of image-only versus images-

plus-music manipulations in eliciting discrete emotions, based on different designs 

(i.e. within-subjects versus between-subjects) is recommended. 
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12.0 Chapter Overview 

This final study explores the relationship between attention network 

performance and a set of emotion related measures – basic emotions, anxiety, 

emotion regulation and emotion expressivity.  The primary aim is to investigate 

whether attention network efficiencies are associated with individual differences in 

the tendency to experience discrete basic emotions, and to use functional emotion 

regulation strategies.  

  
 

12.1 Introduction  

So far, all of the studies conducted as part of this research have been 

experimental in design, and all have involved an emotion manipulation. These 

studies have primarily been concerned with the influence of an emotional 

experience – amusement, happiness, sadness or fear – on attentional processing.  

The results suggest that fear reduces executive attention costs; sadness impairs 

intrinsic alerting, but positive emotions – specifically, amusement and happiness 

have no effect on alerting, orienting or executive attention.  In this final study, the 

relationships between individual differences in emotion-related variables and 

attention processing are explored.    

Previous research examining individual differences in emotionality and 

attention had focused mainly on trait anxiety.  Researchers have shown that trait 

anxiety is associated with more rapid orienting to threatening stimuli (Mogg & 

Bradley, 1999a, 1999b)  and slower disengagement from threat (Fox et al., 2001; 

Georgiou et al., 2005; Salemink et al., 2007).  The effects of trait anxiety on attention 

to threatening stimuli have also been shown to vary over time.  High trait anxious 
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individuals show enhanced orienting to and impaired disengagement from 

threatening stimuli at short  picture presentation onsets (e.g. 100 ms)  but increased 

avoidance of threatening stimuli at longer presentations (e.g. 500 ms) (Calvo & 

Lang, 2004; Koster et al., 2006).  Other studies have shown that an enhanced 

orienting response is triggered by fearful face expressions in trait-anxious 

individuals (Fox, Mathews, Calder, & Yiend, 2007).  These studies focus on 

attentional processes in context of valenced stimuli.  In contrast, a key question here 

is whether individual differences in emotion-related variables such as trait anxiety, 

might be linked with attentional processing, irrespective of the valence of the 

stimuli that is being attended.   

Some studies identified in previous chapters have examined the effect of 

trait anxiety on attention to neutral information.  For instance, trait anxiety has been 

found to be positively associated with local visual processing (Basso et al., 1996) 

suggesting enhanced visual attention in anxiety.  In another study trait anxiety was 

associated with attentional narrowing (Derryberry & Reed, 1998), however, the 

effect was only evident in negatively valenced contexts (e.g. negative games during 

which points could be lost as opposed to gained).  

Individual differences in the tendency to experience sadness and its 

relationship with attention have not been investigated in detail.  However, studies 

which examine attentional processing in dysphoric and depressed individuals can 

be drawn upon given that sadness is a central characteristic of dysphoria and 

depression (Power & Dalgleish, 2008).  Koster et al. (2005) found that dysphoric 

students showed maintained attention to negative words at longer stimulus 

presentations (e.g. 1500 ms) which, they suggest, may be due to impaired attentional 

disengagement from negative words.  Attentional biases for mood-congruent 

stimuli have also been found in clinical studies:  Gotlib et al.  (2004b) found that 

depressed individuals, compared to a Generalized Anxiety Disorder (GAD) group 

and a control group, showed attentional biases for sad faces using a dot-probe 

paradigm.  Joorman and Gotlib (2007) found evidence of attentional biases for sad 

faces in previously depressed as well as currently depressed individuals.  They 

suggest that depression is characterized by deficits in the inhibition of mood 

congruent material which results in the processing of irrelevant negative material, 

thereby hindering recovery, and leading to sustained negative affective states 
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(Joormann et al., 2007).   Murphy & Alexopoulos (2006) examined attention network 

efficiencies in depressed individuals but did not find any difference in executive 

attention (a measure of inhibition) in the depressed and control group.  However, 

they did report a relationship between executive attention costs and time to 

remission – patients with higher executive attention costs (impaired inhibition) had 

a longer time to recovery.  Although their research focuses specifically on 

depression, it is possible, given the centrality of negative affect and sadness in 

depressive states, that there may be a relationship between the tendency to 

experience negative affect or sadness in general, and impaired executive attention.  

This possibility is investigated in the present study.   

Posner and Rothbart (2007) propose a relationship between individual 

differences in attention network performance and emotionality, in particular 

emotion regulation.  Some evidence for their view comes from questionnaire studies 

of the relationship between effortful control – broadly defined as the ability to 

inhibit a dominant response in order to produce a subdominant response and to 

detect and correct errors - and negative affect.  Their findings indicate a link 

between effortful control and temperament (Rothbart & Rueda (2005) cited in 

Posner & Rothbart (2007)).  Furthermore they propose that attentional skill may help 

attenuate negative affective responses and constrain impulsive approach tendencies.  

This suggests that enhanced executive attention (a behavioural as opposed to a self-

report measure of effortful control) may be negatively associated with the tendency 

to experience negative emotions such as anger and sadness.   

Some evidence exists for a relationship between effortful control and 

individual differences in emotionality.  For instance, Moriya and Tanno (2008) 

examined the relationship between negative emotionality and attentional control – a 

subscale of an effortful control scale – in 167 undergraduate students.  In their 

questionnaire study, attentional control referred to the ability to shift and to focus 

attention when desired and was assessed by questionnaire items such as, “When 

disrupted or distracted I usually can easily shift my attention back to whatever I was doing 

before”.  Their results indicated that social anxiety was negatively correlated with 

attentional control when controlling for state anxiety and depression.  This suggests 

that social anxiety is associated with impaired attentional control, and more 

generally highlights a relationship between emotionality and attentional processing.  
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Despite this, their questionnaire measure had some shortcomings – for instance the 

definition of attentional control encompasses orienting and executive control 

aspects of attention, so a distinction cannot be made between both attentional 

processes.  Behavioural studies that provide more concrete measures of distinct 

attentional processes would be more useful in measuring attentional performance, 

and further examining relationships between individual differences in emotionality, 

emotion regulation and attention. 

In line with the position that individual differences in attentional processing 

might moderate the activity of emotional systems, Compton and colleagues 

(Compton, 2000; Compton et al., 2004)  examined the relationship between 

individual differences in covert attentional orienting and negative emotions.  In one 

study (Compton, 2000),  participants  performed a covert attentional orienting task 

which involved comparing RTs to an uncued target with RTs to a validly cued or 

invalidly cued target.  Covert orienting (the cue validity effect) was assessed by 

subtracting RTs on validly cued trials from RT on invalidly cued trials.  Following 

the covert orienting task, participants watched a distressing film clip.  A correlation 

was found between slowed attentional orienting and the level of NA reported 

during the clip, but only for trials with an SOA of 100 ms, and not those with an 

SOA of 500 ms.  Compton suggested that the ability to disengage attention predicts 

individual differences in emotional responding – specifically that participants who 

are slowest to disengage attention in an attentional orienting task show an increase 

in NA in response to a distressing film.  However, in a subsequent experiment 

(Compton et al., 2004),  no correlations were found between current levels of 

negative affect and attentional orienting, while low levels of PA were associated 

with slowed orienting.  Although the results of these two studies are inconclusive – 

in particular, the relationship between NA and slowed orienting was not replicated, 

and the original effect was found on some, but not all trials - this line of research is 

interesting as it considers the possibility that individual differences in attentional 

processing might result in specific patterns of emotional responding.  Given that 

there is little consistent evidence for a link between individual differences in 

attention and emotional responding, the present study explores possible 

connections between trait measures of emotion and attentional performance.  
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To recap, an important question that has received less attention is whether 

individual differences in emotion related variables are associated with attention 

network efficiencies, irrespective of the valence of the stimuli that is being attended.  

Much previous research has focused on trait anxiety, and attentional biases for 

threat, however, little research has been conducted on individual differences in the 

tendency to experience basic emotions in general and attentional processes such as 

alerting, orienting and executive attention.  This study directly investigates these 

interrelationships.  

 

12.1.1 Hypotheses 

This study investigates the relationship between the tendency to experience 

specific emotions and the efficiency of each attention network.  The following 

relationships are explored: 

 

� The experience of basic emotions (trait) and alerting, orienting and executive 

attention costs. 

� State and trait anxiety and alerting, orienting and executive attention costs. 

� The use of emotion regulation strategies and alerting, orienting and executive 

attention costs. 

� Emotional expressivity and alerting, orienting and executive attention costs. 

 

It is tentatively hypothesised that the tendency to experience fear will be 

associated with enhanced executive attention.  This is based on findings that the 

experience of fear (state) reduces executive attention costs, as well as studies 

suggesting a link between anxiety and enhanced selective attention (Derryberry & 

Reed, 1998; Easterbrook, 1959).  It is also hypothesized that the use of functional 

emotion regulation strategies will be associated with enhanced executive attention, 

in line with recent theorising by Posner and Rothbart (Posner & Rothbart, 2007). 
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12.2 Methods 

12.2.1   Design 

This study was correlational in design.  All participants performed the 

original version of the ANT (i.e. with no emotion manipulation) and completed a set 

of emotion-related questionnaires. 

 

12.2.2  Participants 

One hundred and thirty-one psychology students took part in this study in 

return for course credit. The sample consisted of 93 females (71%) and 38 males 

(29%) with a mean age of 20.44 years (SD = 6.01).  76% of participants were from the 

UK, 14% were European (non-UK), 5% were Asian, 3% were from the Americas, 1% 

was African and 1% was from New Zealand. 

 

12.2.3  Self-report measures 

12.2.3.1 Basic Emotions Scale (BES; Power 2006):   

The trait version of the basic emotions scale was used to assess the frequency 

with which participants experience five basic emotions in general.  Participants 

were instructed to rate how often they experienced a list of 20 emotion items on a 

scale where ‘1’ is ‘never’, ‘4’ is ‘sometimes’ and ‘7’ is ‘very often’.  The questionnaire 

consists of five sub-scales, each relating to a discrete basic emotion.  Each basic 

emotion sub-scale is based on four items:  

 

Happiness:   Happiness, Joy, Loving, Cheerful 

Sadness: Despair, Misery, Gloominess, Mournful 

Fear:  Anxiety, Nervousness, Tense, Worried 

Anger:  Anger, Frustration, Irritation, Aggression 

Disgust: Shame, Guilt, Humiliated, Blameworthy. 
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Each sub-scale has high internal consistency with Cronbach alpha scores 

ranging from .85 to .92:  Anger (.85), Sadness (.92), Disgust (.92), Fear (.94) and 

Happiness (.92) (Power & Tarsia, 2007).  

 

 12.2.3.2   State-Trait Anxiety Inventory (STAI: Spielberger, 1983) 

The STAI was used to measure both state and trait anxiety.  This scale 

requires participants to rate how they are feeling at present; items include “I feel at 

ease” and “I feel upset”.  The trait scale requires participants to describe how they 

generally feel and includes items such as:  “I am a steady person” and “I lack self-

confidence”.   Both the trait and state versions of the scale consists of 20 items which 

are assessed using a 4-point scale.  Both scales have high internal consistency with 

Cronbach alphas of .89 for the state scale in both male and female students, and 

alpha reliability levels of .89 to .90 in male and female students respectively for the  

trait scale. 

 

12.2.3.2   Regulation of Emotion Questionnaire (Phillips & Power, 2007) 

The Regulation of Emotion Questionnaire (REQ) was used to measure four 

types of emotion regulation strategies: internal functional, external functional, 

internal dysfunctional and external dysfunctional.  Examples of each sub-scale items 

are:  “I keep the feeling locked up inside” (internal dysfunctional), “I concentrate on 

a pleasant activity” (internal functional), “I take my feelings out on others verbally” 

(external dysfunctional) and “I talk to someone about how I feel” (external 

functional).  The external functional scale is assessed by four items; the three other 

scales are assessed by five items.  Each uses a 5-point frequency scale ranging from 

‘1’ (‘not at all’) to ‘5’ (‘always’) (Appendix E).  According to Philips and Power 

(2007), the internal consistency of each of the scales is good, with the exception of 

the external functional scale which has a Cronbach alpha below .7.   

 

12.2.3.3   Emotion Regulation Questionnaire (ERQ: Gross and John, 2003)   

The ERQ was used to assess individual differences in the use of two emotion 

regulation strategies – cognitive re-appraisal and expressive suppression (Appendix 

F).  The reappraisal sub-scale consists of six items such as “When I want to feel more 



 

 254 

positive emotion (such as joy or amusement), I change what I’m thinking about” (italics 

reflect the actual questionnaire item).  The expressive suppression scale consists of 

four items including; “I keep my emotions to myself”.  A 7-point scale where ‘1’ 

relates to ‘strongly agree’, ‘4’ relates to ‘neither agree nor disagree’ and ‘7’ relates to 

‘strongly agree’ was used for item responses.  John and Gross  (2004) reported that 

internal consistency of the reappraisal scale ranged from .72 (young men) to .79 

(young women); while consistency of the suppression scale was .67 in young men 

and .69 in young women  

  

12.2.3.4   Berkeley Emotion Expressivity Questionnaire  (Gross & John, 1997, 

1998) 

Emotion expressivity is concerned with the behavioural (e.g. facial, postural) 

changes that typically accompany emotion such as crying, shouting, smiling or 

frowning.  Gross and John (1997) suggest that individuals are emotionally 

expressive to the extent that they manifest emotional behaviour.  The Berkeley 

Emotion Expressivity Questionnaire (EEQ) assesses three facets of emotion 

expressivity:  negative expressivity, positive expressivity and impulse strength 

(Appendix G).  The questionnaire consists of 16 items and participants respond to 

each using a 7 item scale where ‘1’ is labelled ‘strongly disagree’, ‘4’ is ‘neutral’ and 

‘7’ is ‘strongly agree’.  Examples of the statements used include:  “It is difficult for 

me to hide my fear” (negative expressivity), “When I’m happy my feelings show” 

(positive expressivity) and “I have strong emotions” (impulse strength).  Negative 

expressivity is based on 6 items; positive expressivity is based on 4 items, while 

impulse strength is based on 6 items.  Scores for each facet are based on the mean of 

scores across all items for each facet or subscale.  Emotional expressivity is the mean 

of the positive expressivity, negative expressivity and impulse strength scores (Fig. 

12.1). 
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Fig. 12.1:   Relationships among the three facets of emotion expressivity  

(Gross & John, 1997) 

 

 

 

  

12.2.3.4   UWIST Mood Adjective Checklist  (Matthews et al., 1990) 

The University of Wales Institute of Science and Technology (UWIST) Mood 

Adjective Checklist (UMACL) measures current levels of hedonic tone, tense 

arousal and energetic arousal.  Apart from State version of the STAI, it was the only 

measure used to assess current affective state in this study.  Participants are asked to 

rate the extent to which 24 adjectives describes their mood at the present moment in 

time.  Examples of these items include: cheerful, contented, happy (hedonic tone), 

jittery, tense, anxious (tense arousal) and energetic, active, vigorous (energetic 

arousal).  Participants respond using a 4-point scale (definitely not, slightly not, 

slightly, definitely). 

 

12.2.3 Attention Network Test  

The Attention Network Test (Chap. 4, Fig. 4.2) was presented via E-PRIME 

on a 17 inch monitor.  The task used here mirrors the original ANT task (Fan et al., 

2002) (Chap. 4, Fig. 4.1), the only exception being that neutral flankers were not 

included as they do not contribute to the assessment of the three attention networks.  

In contrast to experiments 1 to 6, there was no emotion manipulation.   
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  Participants performed 192 trials in total (48 no cue, 48 double cue, 48 

centre cue, 48 spatial cue) of which half were incongruent trials and half were 

congruent.  These were spread across three blocks, each containing 64 trials 

presented in random order (e.g. Fig. 12.2). 

In advance of performing the ANT, participants were presented with on-

screen instructions.  Participants were informed that the target in each trial would 

be a centrally located arrow surrounded by two arrows on each side.  Their goal 

was to identify the direction of the centrally located arrow as quickly as possible 

(Appendix C).    

 

 

Fig. 12.2:  Attention network test: Example of spatial cue, incongruent flanker trial 

(Fan et al. 2002) 

 

 

 

 

 

 

 

  

 

 

 

12.2.4 Procedure 

Participants were tested individually in a small cubicle.  On arrival they 

completed the UWIST, the Basic Emotions Scale, the State Trait Anxiety Inventory, 

the Emotion Regulation Questionnaire and the Regulation of Emotion 

Questionnaire.  Next they carried out the Attention Network Test (ANT).  The 

testing session lasted approximately 40 minutes.   
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12.3 Results 

12.3.1 Data analysis 

Although medians are commonly used as a measure of central tendency 

when the underlying distribution is skewed, Wilcox and Keselman (2003) suggest 

that alternatives to medians are preferable if the goal is to retain high power under 

normality, or if the sample is taken from a light tailed distribution.  Specifically, 

Wilcox and Keselman (2003) propose that to achieve high power when outliers are 

common, a good compromise between the mean and median measures of central 

tendency is a 20% trimmed mean (see also Friedman et al. (2008)) for application of 

trimming procedures to RT difference data).   In the present study, a within-subjects 

trimming procedure was used (Wilcox & Keselman, 2003).   

Trimmed mean reaction times (RTs) for each cue type (cue: no, double, 

centre, spatial) and each flanker type (congruent, incongruent) were calculated for 

each participant.  Data for one participant was excluded from the analysis, as this 

participant had extreme scores on a range of variables.  In addition,  based on three 

predictors (alerting, orienting and executive attention scores), this participant had a 

Mahalanobis distance value (74.9) which was much higher than that of any other 

participant, and much higher than what would be considered acceptable given the 

sample size of 131 and three predictors (Field, 2005).   The final sample included 130 

participants.   

Overall, errors accounted for 3.09% (SD = 2.73%, range 0 – 12.5% errors) of 

all trials.  Trials with errors were discarded from the reaction time analysis.  

Trimmed mean reaction times (RTs) for each cue condition (no, double, centre, 

spatial) and flanker condition (congruent, incongruent) were calculated for each 

participant.  A measure of each of the attentional networks was generated by 

comparing the mean RTs of participants in a baseline condition with their 

performance in another as follows (Fan, McCandless, Sommer, Raz & Posner, 2002):  

 

� Alerting effect (benefit) = RT no cue trials (baseline) – RT double cue trials.   
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� Orienting effect (benefit) = RT centre cue trials (baseline) – RT spatial cue trials.   

� Executive attention (costs) = RT incongruent trials – RT congruent trials 

(baseline).  

 

In addition to the correlational analysis, exploratory regression analysis was 

used to explore possible relationships between emotion-related variables and 

attention network efficiencies.  Stepwise regression was conducted to identify 

variables that potentially predict variance in each outcome.  Criticisms of stepwise 

techniques are that such techniques are of little value for theory testing.  This is 

because stepwise techniques rely purely on mathematical criterion in determining 

the order in which predictors are entered into the regression model.  In contrast, 

hierarchical regression and forced entry methods require the identification of 

theoretically predetermined predictors of an outcome.  However, in exploratory 

analysis or in situations where previous research and theory is weak or lacking, 

such as is the case in the present analysis, stepwise procedures are useful in (Lomax, 

2001; Thayer, 2002).  Field (2005) proposes that in choosing a stepwise method, the 

backward method should be preferred over the forward method.  In the backward 

method, all predictors are placed in the initial model and the contribution of each 

predictor is calculated based on the significance value of the t-test for each 

predictor.  The significance value is compared against a removal criterion (i.e. 

probability of p > .1 to remove).  If the predictor meets the removal criteria, it is not 

significantly contributing to the prediction of the outcomes, and is removed from 

the model.  In exploratory studies, the backwards method is to be preferred over the 

forward method  as it reduces the possibility of suppressor effects12 (Field, 2005).   

 

  

                                                 
12 A suppressor variable is not correlated with the DV, but correlates significantly with other 
predictor variables.  Including the suppressor variable in the regression model serves to 
control for variance shared between the suppressor and other predictor variables that is not 
shared with the dependent variable.  This reduces irrelevant variance in the correlated 
predictors and results in an increase in the overall predictive validity of the model 
(Schumacker & Lomax, 2004). 
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12.3.2 Overall attention network data 

Attention network scores were calculated for each participant.  Overall the 

ANT data reflect those reported in previous studies (e.g. Fan et al., 2002; Fossella et 

al., 2002) (Table 12.1).  Correlations between each of the networks were examined to 

investigate network independence.  As shown in Table 12.2, none of the attention 

network scores were significantly correlated, suggesting network independence as 

suggested in previous studies (Fan et al., 2002; Posner & Fan, 2004).   

An examination of network efficiencies by gender revealed that executive 

attention costs were significantly lower in male compared with female participants, 

t(128)= 2.47, p = .015 (Table 12.3).  There were no gender differences in alerting or 

orienting scores.  Age was also examined but no association was found with age and 

any of the attention network scores.  However, given that participants who took 

part in this study were all first year Psychology students, there was little variation in 

the age scores. 

 

Table 12.1  Attention network scores in previous studies 

Attention Network score N Mean SD N Mean SD

Alerting 40 47 18 200 36 22

Orienting 40 51 21 200 55 27

Executive Attention 40 84 25 200 95 43

Note:  This data is taken from the original papers where data was rounded up to one ms,  
thus decimal places are not presented.

Fan et al. (2002) Fosella et al. (2002)

 

 

 

Table 12.2: Attention network independence: Pearson correlations (N=130) 

Attention Network Score Alerting Orienting

Alerting

Orienting .05

Executive Attention .00 -.06  

*Note:  All p’s >.1 
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Table 12.3:  Attention network scores by gender in the present study (N=130) 

Attention Network score Mean SD Mean SD Mean SD

Alerting 35.05 25.86 32.88 21.66 34.42 24.64

Orienting 57.36 31.18 60.11 22.10 58.16 28.77

Executive Attention 109.96 32.68 95.27 25.86 105.66 31.47

Female (n =92) Male (n =38) Total (n =130)

 

 

 

Table 12.4:   Descriptive data:  Mean, standard deviations and median scores for each 

scale (N=130) 

Scale
a

M SD Mdn Min Max

Basic Emotions Scale (4-28)

Happiness (4-28) 22.67 3.41 23.00 13.00 28.00

Sadness (4-28) 10.38 4.26 10.00 4.00 24.00

Anger (4-28) 13.58 3.70 13.00 7.00 25.00

Fear (4-28) 15.77 4.97 16.00 6.00 28.00

Disgust (4-28) 10.35 4.19 9.00 4.00 23.00

Anxiety

State anxiety (20-80) 35.79 8.57 34.00 20.00 64.00

Trait anxiety (20-80) 41.56 9.82 40.00 22.00 68.00

Regulation of Emotion (REQ)

External dysfunctional reg (5-25) 7.76 1.97 8.00 5.00 14.00

External functional reg (3-15)b 9.92 2.38 10.00 3.00 15.00

Internal dysfunctional reg (5-25) 11.65 2.96 11.00 5.00 19.00

Internal functional reg (5-25) 16.08 2.89 16.00 8.00 23.00

Emotion Regulation Questionnaire (ERQ)

ERQ-Suppression (4-28) 12.09 4.77 12.00 4.00 24.00

ERQ-Reappraisal (6-42) 27.85 6.35 12.00 13.00 42.00

Expressivity (EEQ)

Negative expressivity (1-7) 3.93 1.06 3.83 1.83 6.33

Positive expressivity (1-7)) 5.53 0.94 5.75 2.25 7.00

Impulse strength (1-7) 4.82 1.08 4.83 2.00 7.00

Emotional expressivity (1-7) 4.76 0.84 4.70 2.58 6.69

Present Mood (UWIST)

Hedonic Tone (8-32) 26.18 4.42 27.00 14.00 32.00

Energetic Arousal (8-32) 18.80 4.49 18.00 8.00 30.00

Tense Arousal (8-32) 13.93 4.69 13.00 8.00 28.00

General Arousal (12-48) 27.92 4.83 28.00 16.00 43.00

a
 Scale min. and max. scores are shown in brackets.

b
 External functional scale score is based on three items.  
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12.3.3 Descriptive data 

12.3.3.1  Basic Emotion Scale (BES) 

Given that the Basic Emotions Scale is relatively new and has not been used 

extensively in previous research, a confirmatory factor analysis (CFA) was 

conducted to examine the scale structure.  Although the chi-square was significant, 

χ2 = 254.98, df = 165, p < .01, indicating that the data differed from the theoretical 

model, the goodness of fit measures suggested relatively good fit:  CFI=.93, 

RMSEA=.065, TLI=.925.  Furthermore, all the item factor loadings onto each latent 

emotion variable were significant.  Thus, the correlated 5-factor basic emotion 

model (Power, 2006) was supported by the data here.  Cronbach’s alpha for each 

scale was very good in the present sample:  fear (� = .90), sadness (� = .86), disgust 

(� = .83), happiness (� = .82) and anger (� = .78). 

The Wilcoxon signed rank test was used (Bonferroni correction applied) to 

compare how frequently participants experienced each basic emotion in general.   

Participants reported experiencing happiness more frequently than any other 

emotion (all p’s <.01).  Fear was experienced significantly more often than anger, 

sadness and disgust (all p’s <.01).  Anger was experienced more frequently than 

sadness and disgust (p’s <.01).  However, there was no difference in the frequency 

with which sadness and disgust were reported (Table 12.5).   

In terms of gender; females reported that they experienced fear more often 

than males, U = 1260, p =.012; and sadness experiences were marginally higher in 

females than males, U = 1404, p =.077.  There were no gender differences in reported 

happiness, anger or disgust (Fig. 12.3). 
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Table 12.5:  Basic emotion scores by gender 

Happy Sad Anger Fear Disgust

Female Mean 22.99 10.87 13.67 16.48 10.52

n =92 SD 3.32 4.53 3.55 4.80 4.16

Median 23.00 10.00 13.00 17.00 9.50

Male Mean 21.89 9.18 13.37 14.05 9.92

n =38 SD 3.54 3.28 4.08 5.02 4.30

Median 23.00 8.50 13.50 12.50 8.00

Total Mean 22.67 10.38 13.58 15.77 10.35

n =130 SD 3.41 4.26 3.70 4.97 4.19

Median 23.00 9.50 13.00 16.00 9.00  

 

 

Fig. 12.3:  Basic emotion scores by gender 
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12.3.3.2 Trait and state anxiety 

State and trait anxiety were highly correlated, r=.633, p < .001.  In the current 

sample, there were no gender differences in trait anxiety, t(128) = 1.06, p =.29) or 

state anxiety,  t(127) = 1.32, p =.19.   
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12.3.3.3 Regulation of Emotion (REQ) 

A CFA was also conducted on the Regulation of Emotion Scale. The chi-

square was significant:  χ2=289.18, df=150, p < .01, suggesting that the data did not 

support the four factor REQ model.  The goodness of fit measures also suggested a 

poor fit:  CFI=.68, RMSEA=.084, TLI=.64.   

Cronbach’s alpha for each scale in the present sample were:  internal 

dysfunctional regulation (�=0.60), internal functional regulation (�=.64.), external 

functional regulation (�=.60), external dysfunctional regulation (�=.59).   Further 

examination of the reliability statistics showed that the reliability of the external 

functional scale would increase to .74 if one item “I do something energetic” was 

removed.  Indeed, the item-total scale correlation showed that this item was very 

weakly correlated with the external functional emotion regulation scale (r = .025).  

Thus, it was dropped from the subsequent analysis, and the external functional 

emotion regulation scale scores reported here were based on 3 as opposed to 4 

items.  

Although the reliabilities for each scale (with the exception of the 3-item 

external functional scale)  are lower than what are generally advocated in the 

literature (.7 - .8),  Kline (1999) notes that when dealing with psychological 

constructs, reliabilities of below .7 can be expected.  Because of this, and the fact that 

the present analysis is primarily exploratory, the scales will be used in the following 

analysis. 

Females were significantly more likely than males to use external functional 

regulation strategies, U = 1223, p = .007.  Conversely, males were more like than 

females to use internal functional emotion regulation strategies, U = 1340, p = .035. 

There were no significant gender differences in the use of dysfunctional emotion 

regulation strategies.  

 

 

12.3.3.4 Emotion Regulation Questionnaire (ERQ) 

The emotion regulation questionnaire consists of two subscales – reappraisal 

and suppression.  The Cronbach alpha reliabilities for each scale in the current 

sample were:  reappraisal (α=.79) and suppression (α=.75).   
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Males were significantly more likely than females to use suppression 

strategies, U= 1345, p = .039.  There were no gender differences in the use of 

reappraisal to regulate emotion. 

 

12.3.3.5 Berkeley Expressivity Questionnaire (BEQ) 

The Berkeley Expressivity Questionnaire assesses positive expressivity, 

negative expressivity and impulse strength.  In terms of gender, females reported 

significantly higher scores for negative expressivity, U = 1261, p = .013, impulse 

strength, U=1006, p < .001 and overall emotion expressivity, U=1106, p < .01.  There 

were no gender differences in positive expressivity scores.  

 

12.3.3.6 UWIST 

The UWIST assesses tense arousal, energetic arousal and hedonic tone.  

There were no gender differences on any of the UWIST scales – hedonic tone, tense 

arousal, energetic arousal or general arousal. 
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12.3.4 The relationship between emotion, emotion regulation, 

expressivity and attention networks 

 

12.3.4.1  Is there a relationship between the tendency to experience basic 

emotions and the efficiency of attention networks? 

 

12.3.4.1.1 Results 

The tendency to experience of each of the basic emotions was correlated with 

attention networks scores.  Given the non-normal nature of the emotion report data, 

a Spearman’s rank-order correlation was used for this purpose.  A positive 

association was found between alerting and the tendency to experience fear, rs = .18, 

p = 0.046, anger rs = .19, p = .03 and disgust, rs =.21, p = .016.  Higher levels of fear, 

anger and disgust were associated with a more efficient alerting network, or the 

more rapid mobilisation of attentional resources to a cued target.  The tendency to 

experience happiness or sadness was not associated with the efficiency of the 

alerting network.  There was no association between any of the basic emotion scales 

and orienting or executive attention (Table 12.6). 

 

Table 12.6: Correlations between the basic emotion scales and each attention 

network. 

Correlation N Correlation Alerting Orienting Exec. Attention

Basic Emotions Scale

Happy 130 r s -.02 -.04 .02

p  (2-tailed) p .78 .68 .80

Sadness 130 r s .02 -.13 .00

p  (2-tailed) p .80 .15 .98

Anger 130 r s .19 -.06 -.12

p  (2-tailed) p .03 .50 .19

Fear 130 r s .18 -.08 .05

p  (2-tailed) p .05 .38 .59

Disgust 130 r s .21 -.07 -.05

p  (2-tailed) p .02 .40 .57
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An exploratory regression analysis was conducted to explore the 

contributions of discrete basic emotions in accounting for variance in alerting scores.  

A stepwise regression (backward method) was carried out:  gender and the five 

basic emotions scale scores were entered in to the model   The final model was 

significant and included disgust, fear and sadness, F(3,126) = 3.60, p = .015.  The 

model accounted for 7.9% of the variance in alerting scores (Adj. R2 = .057) (Table 

12.7).  

 

 

Table 12.7:  Stepwise regression of gender, basic emotions and emotion regulation on 

alerting (N=130) 

B SE B ββββ t p

Predictor

Constant 19.62 7.22

Disgust 1.37 0.68 0.23 2.01 0.05

Fear 1.10 0.57 0.22 1.94 0.05

Sadness -1.61 0.71 -0.28 -2.27 0.02

 

      Note: R2 = .079, Adj. R2 = .057 

 

  

As can be seen, although sadness is not correlated with alerting in terms of 

its zero-order correlation, it is retained in the regression model.  Here, sadness is 

acting as a suppressor variable – although it is not directly correlated with the 

outcome (alerting), its inclusion in the model is increasing the predictive validity of 

the model.  The partial and part correlations between sadness and alerting are larger 

than the zero-order correlation, and significantly contribute to the variance in 

alerting scores explained (Table 12.8).  
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Table 12.8:  Correlations between the predictor variables and alerting (N=130) 

Zero-order Partial Part

Predictor

Disgust 0.18 0.18 0.17

Fear 0.18 0.17 0.17

Sadness 0.01 -0.20 -0.19

 

  

Stepwise regression was used to explore predictors of orienting.  Each of the 

five basic emotions as well as gender were entered into the model. Only sadness 

was retained in the final model, which was marginally significant (� = -.146, t = -

1.67, p =.1), F(1, 128) = 2.80, p = .097.  However, the model predicted very little of the 

variance in orienting scores, R2 = .021.   

A stepwise regression was also conducted on executive attention costs with 

gender and emotion variables.  Gender was the only variable that was retained in 

the final model, F(1, 128) = 6.10, p =.015.  The model accounted for 4.5% of the 

variance in executive attention costs (Adj. R2 = .038).  Even when gender was first 

entered using a block design, none of the basic emotions was found to subsequently 

increase the predictive validity of the model. 

Intrinsic alerting (log transformed) was also examined using regression.  The 

five basic emotion scales and gender were entered in to the model.  Gender and 

sadness were retained in the final model,   F(2, 127) = 6.88, p =.001.  The model 

accounted for 9.8% of the variance in intrinsic alerting scores (Adj. R2 = .084) (Table 

12.9) 

 

Table 12.9:  Stepwise regression of gender and basic emotions on intrinsic alerting 

(N=130) 

B SE B ββββ t p

Predictor

Constant 1.842 0.004

Gender 0.012 0.003 0.30 3.55 0.00

Sadness -0.001 0.000 -0.15 -1.70 0.09
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12.3.4.1.2 Discussion 

The correlational analysis provides some initial evidence for a relationship 

between basic emotions and alerting attention.  Specifically, the tendency to 

experience fear, anger and disgust was positively associated with alerting; or the 

ability to rapidly mobilise attentional resources in response to an impending 

stimulus. 

An exploratory regression analysis suggests that fear, disgust and sadness 

significantly contribute to the explanation of variance in alerting scores.  Sadness 

acts as a suppressor variable in the model – although it is not correlated with 

alerting in terms of zero-order correlations, it has a significant partial correlation 

with alerting when fear and disgust are also entered in the model.  This suggests 

that that while fear and disgust increase alerting, the unique shared variance 

between alerting and sadness (controlling for the variance shared by sadness and 

the other two predictors) is negatively correlated.  One possible interpretation of 

this finding is that high arousal negative emotions such as fear and disgust increase 

alerting, while low arousal reduces alerting.  To clarify, while sadness is not 

associated with alerting, the low arousal component of sadness (as opposed to 

sadness itself) may have a negative effect on alerting.  Further research is required 

to determine if this that case.  

The findings here suggest that individual differences in the tendency to 

experience fear and disgust also account for a small but significant amount of 

variance in phasic alerting scores.  It is possible that a latent variable (e.g. threat 

sensitivity) may underlie this effect.  Both fear and disgust are associated with 

threat-related responses – fear occurs in situations appraised as being harm related; 

disgust occurs when a gustatory goal has been violated and is associated with the 

desire to distance oneself from the object that led to the disgust.  Both fear and 

disgust are high arousal negative emotions, and associated with the desire to escape 

from the fear related stimuli in fear, or distance oneself from a disgusting object in 

disgust.  The findings here suggest that in conjunction with these threat-related 

behavioural responses, fear and disgust might also be characterised by a phasic 

alerting response. People who experience fear and disgust more often than others 

might also show more efficient alerting responses suggesting that they are faster to 

mobilise their attentional resources in response to an impending threat.   
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The data here are correlational; in the absence of previous theory, the 

question of whether a causal link exists between emotions and attentional 

processing cannot be addressed.  However, given that there was no emotion 

manipulation in the current study, and that the BES assesses how frequently 

individuals experience emotions in general, a plausible interpretation of the 

findings here is that individual differences in attentional processing influence 

emotional responding.  For instance, individual differences in the efficiency of the 

alerting network may lead to greater sensitivity to threat-related stimuli, which in 

turn increase the frequency with which individuals report experiencing fear and 

anger.   

Further research is required to replicate to the findings here and to 

investigate causality.  Possible experiments might include: (i) The pre-selection of 

individuals that report high and low frequency levels of fear or disgust and 

comparing their alerting scores using a set of tasks to specifically assess various 

forms of alerting, e.g. auditory alerting as well as visual alerting tasks (e.g. 

Robertson, Mattingley, Rorden, & Jon, 1998; Sturm & Willmes, 2001).  (ii) Assess 

individuals’ alerting scores, then present participants with threat related images and 

assess their emotional responses to those images.  If alerting is associated with 

higher threat sensitivity, higher alerting scores should be associated with higher 

levels of fear and disgust in response to the threatening stimuli. 

Possible predictors of intrinsic alertness were also examined.  Both gender 

and sadness contributed to the variance explained in intrinsic alertness scores.  

Previous studies have shown that males are faster than females on RT tasks (e.g. 

Larson & Saccuzzo, 1986), however, the finding that the tendency to experience 

sadness also contributes to the explanation of variation in intrinsic alerting scores is 

of particular interest.  Although only marginally significant, this finding somewhat 

reflects the findings in Experiment 2 and Experiment 5 that sadness reduces intrinsic 

alertness.  Taken together, these results suggest that the experience of sadness at a 

particular moment in time, or the tendency to experience sadness in general, 

contribute to longer RTs to an uncued stimulus, indicating reduced intrinsic 

alertness.   

None of the basic emotions scale scores were associated with orienting.  

However, an exploratory regression suggested that individual differences in the 
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tendency to experience sadness may contribute towards variance explained in 

orienting scores.  Nonetheless, given that the model was exploratory, only 

marginally significant, and explained only 2.1% of the variance in orienting 

(R2=.014), this effect is not considered in further detail at present. The finding that 

the tendency to experience sadness slows orienting needs to be replicated in further 

studies before more concrete claims can be made in relation to sadness and covert 

exogenous orienting of attention. 

The tendency to experience basic emotions was not associated with 

executive attention costs.  Thus, the tentative hypothesis that more frequent fear 

related experiences would be associated with lower executive attention costs did not 

find support.  This suggests that while the experience of fear at a given moment in 

time results in enhanced selective attention (Experiment 4), the tendency to 

experience fear in general and executive attention are not related.   An alternative 

possibility may be that trait measures of fear and executive attention costs are 

related, but only in fearful situations.  There was no emotion manipulation in the 

current task, so this could not be tested.  However, evidence for a relationship 

between trait anxiety and attentional focusing indicating enhanced executive 

attention was found in Experiment 4, in particular in fearful situations.   This 

interpretation is to some extent undermined by the simultaneous finding of no 

interaction between the high versus low fear group and executive attention costs, 

and further related research is required. 

 

12.3.4.2 Is anxiety associated with the efficiency of attention networks? 

 

12.3.4.2.1 Results 

Trait and state anxiety were log transformed and correlated with attention 

network performance.  There was a non-significant trend towards a negative 

association between orienting and trait anxiety;   r = -.15, p =.097 (Table 12.12).  Trait 

or state anxiety was not significantly correlated with alerting or executive attention 

costs.   

To examine the effect of high versus low trait and state anxiety on attention 

networks, participants were divided into a high, medium and low trait and state 
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anxiety group. This classification was based on a tertile split (Table 12.11).  

Attentional performance of the high and low groups was subsequently compared.   

 

Table 12.10:  Anxiety scores in high, medium and low anxiety groups 

Variable Classification 

State Anxiety: 

 

High:  State anxiety score >38. 

Medium:  State anxiety score from 32 to 38 inclusive. 

Low:  State anxiety score < 32. 

Trait Anxiety 

 

High:  State anxiety score > 45 

Medium:  State anxiety score from 37 to 45 inclusive. 

Low:  State anxiety score < 37 

 

 

High state anxious participants had significantly higher alerting scores 

(M = 42.03, SE = 4.2) compared with low state anxious participants (M =29.06, 

SE =3.77), t(79) = 2.29, p = .025.  A 2 x 2 way ANOVA was conducted to examine this 

in more detail with state anxiety (high or low) as a between subjects factor and cue 

(no cue or double cue) as a within subjects factor.  As expected there was a 

significant effect of cue condition on RT with faster RTs in the double cue condition, 

compared with the uncued condition, F(1, 79) = 157.19, p < .001.  There was no effect 

of state anxiety group on RTs, F < 1.   However, there was a significant interaction 

between state anxiety group and cue condition, F(1 ,79) = 5.23, p = .025, reflecting 

the alerting effect.  In comparison to an uncued baseline, high state anxious 

participants were faster to respond to an impending stimulus (cued targets) than 

were low state anxious participants (Fig. 12.4). This indicates faster mobilisation of 

attentional resources in response to an impending stimulus.  High and low state 

anxious groups did not differ in orienting or executive attention costs (even when 

the effect of energetic arousal on executive attention was controlled).  
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Fig 12.4: Alerting by state anxiety (N=81) 
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The effect of high and low trait anxiety on alerting, orienting and executive 

attention was examined in a similar way.  There was no effect of trait anxiety on 

alerting or executive attention (even when current levels of energetic arousal were 

controlled).  In terms of orienting, participants in the high trait anxiety group had 

higher orienting scores compared with low anxious participants, t(84) = 2.40, 

p = .019.  Low anxious participants (M = 67.82, SE = 4.45) showed significantly 

greater benefits associated with a spatial cue in comparison to high anxious 

participants (M = 53.22, SE = 4.04).  A 2 x 2 way ANOVA was conducted to examine 

this in more detail, with trait anxiety (high v. low) as a between-subjects factor and 

cue condition (centre v. spatial) as a within subjects factor.  Reflecting the t-test 

findings, there was a significant interaction between trait anxiety group and cue, 

F (1, 83) = 6.09, p = .02.  Examination of the cue RTs revealed that high trait anxious 

participants were slower to covertly shift their attention from a central to a spatially 

cued location (Fig. 12.5).   
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Fig 12.5: Orienting by trait anxiety (N=85) 
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12.3.4.2.2 Discussion 

The anxiety analysis showed an effect of state anxiety on alerting when high 

and low state anxious groups were compared.  In comparison to a baseline, high 

state anxious participants were faster to respond to an impending target compared 

with low anxious participants13. A similar finding was reported by Dennis, Chen 

and McCandliss, (2007) who found a significant positive correlation between state 

anxiety and alerting (r =.33, p < .01).   

Similarly, a trend towards a significant relationship between trait anxiety 

and orienting was found.  A comparison of high and low trait anxious group 

revealed an effect of trait anxiety on orienting -  examination of the RT data by cue 

indicated that high trait anxious participants were slower to covertly orient their 

attention in a covert exogenous cued RT paradigm.  This suggests a possible 

relationship between trait anxiety and slowed covert exogenous attentional 

orienting.  However, given the marginal significance of this finding, further research 

is required to ascertain if this effect is replicated.  In any case, this line of research 

complements previous work that has focused on attentional engagement or 

disengagement.  

                                                 
13 In the analysis based on mean scores (as opposed to trimmed means), the effect of both 
state and trait anxiety on alerting was significant – in both cases the high anxious 
participants had higher alerting scores. 
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Neither state nor trait anxiety was associated with executive attention costs. 

This finding contrasts with Experiment 4 in which trait anxiety showed a trend 

towards a significant correlation with executive attention costs, r = -.15, p = .08.  

However, in Experiment 4 the relationship between trait anxiety and executive 

attention costs was stronger in the fear condition, r =-.19, p = .03, than in the neutral 

condition, r =-.14, p = .09.  As no emotion manipulation was employed in the 

present study, a comparison with the neutral condition in Experiment 4 is more 

appropriate.  Given the trend towards a significant negative association between 

fear and executive attention costs in the neutral condition, but not in the present 

study, it seems possible that the trait anxiety and executive attention costs 

correlation in Experiment 4 might be inflated due to emotion contagion from the 

fear condition.   Thus, one possibility is that trait anxiety and executive attention 

costs are related only in fearful contexts.  Support for this was also reported by 

Derryberry and Reed (1998) who found an association between trait anxiety and 

attentional focusing during a negative (but not a positive) motivational state.   



 

 275 

Table 12.11: Correlations between emotionality scales and attention networks 

Correlation N Correlation Alerting Orienting Exec. Attention

Anxiety

Log of state anxiety 129 r .11 .10 .11

p (2-tailed) p .22 .25 .22

Log of trait anxiety 130 r .08 -.15 .07

p  (2-tailed) p .37 .10 .43

Regulation of Emotion (REQ)

Internal dysfunctional 130 r s .10 -.12 -.02

p  (2-tailed) p .26 .18 .85

Internal functional 130 r s .01 -.14 -.10

p  (2-tailed) p .95 .11 .25

External dysfunctional 130 r s .26 .07 .04

p  (2-tailed) p .00 .42 .63

External functional reg 130 r s .13 -.06 .18

p  (2-tailed) p .14 .50 .04

Emotion regulation (ERQ)

ERQ-Reappraisal 130 r s -.01 -.02 -.05

p  (2-tailed) p .92 .86 .56

ERQ-Suppression 130 r s -.18 -.10 -.09

p  (2-tailed) p .04 .25 .29

Expressivity (EEQ)

Positive expressivity 130 r s .05 -.02 .03

p  (2-tailed) p .54 .82 .77

Negative expressivity 130 r .17 -.06 .15

p  (2-tailed) p .05 .49 .08

Impulse strength 130 r .09 -.18 .06

p  (2-tailed) p .30 .04 .47

Emotional expressivity 130 r .13 -.10 .11
p  (2-tailed) p .14 .27 .23

Mood Adjective Checklist

Hedonic Tone 130 r s -.02 .03 -.02

p  (2-tailed) p .86 .74 .86

Tense Arousal 130 r s .01 .00 .03

p  (2-tailed) p .94 .98 .69

Energetic Arousal 130 r s .01 -.04 -.17

p  (2-tailed) p .87 .62 .05

General Arousal 130 r s .03 .02 -.09

p  (2-tailed) p .73 .85 .31
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12.3.4.3:  Is emotion regulation associated with attention network efficiencies?  

Specifically, is there a link between executive attention costs and emotion 

regulation? 

  

12.3.4.3.1 Results 

Emotion regulation measures were correlated with attention network scores 

(Table 12.12).   Alerting was positively associated with external dysfunctional 

emotion regulation, rs = .26, p = .001, indicating that rapid mobilisation of attentional 

resources to an impending stimulus is associated with the use of dysfunctional 

emotion regulation strategies (e.g. I take my feelings out on others verbally; I take 

my feelings out on others physically; I try to make others feel bad).   

Executive attention costs were positively associated with the use of external 

functional regulation strategies, rs = .18, p =.04, indicating that the use of external 

functional strategies is associated with increased inhibition costs or broadened 

attentional focus.  An exploratory regression analysis was conducted on the external 

functional emotion regulation (log-transformed) to examine whether attention 

network scores might account for any of the variation in the use of external 

functional regulation once gender and basic emotions were considered.  This 

analysis was motivated by Posner and Rothbart’s suggestion of a relationship 

between enhanced executive attention and emotion regulation (Posner & Rothbart, 

2007).   Gender, each of the basic emotion scales and each of the attention network 

scores were entered into the model. Executive attention was not retained in the final 

model, thus it did not account for any more of the variance in the use of external 

functional emotion regulation strategies above and beyond the variance explained 

by happiness, sadness, fear and gender.  

To explore the possibility that attention network efficiencies account for 

variance in the use of dysfunctional emotion regulation strategies, stepwise 

regression was conducted on external dysfunctional emotion regulation (log 

transformed).  Each of the basic emotion scale scores, each attention network score 

as well as gender were entered into the regression model.  Alerting scores and anger 

were retained in the final model, F(2, 126)= 22.57, p < .001, Adj. R2 =.25 (Table 12.12).  



 

 277 

Although anger accounted for the majority of the variance in external dysfunctional 

emotion regulation, alerting has a marginally significant contribution to make.   

Attention network scores did not significantly contribute to explaining 

variance in the two other REQ regulation scales - internal functional or internal 

dysfunctional. 

    

Table 12.12:  Predictors of external dysfunctional emotion regulation (Ln) (N=130) 

B SE B � t sig.

Predictor

Constant 1.55 .00

Anger .03 .01 .47 6.01 .00

Alerting .00 .00 .14 1.79 .08

 

 

Attention network scores were correlated with the Emotion Regulation 

Questionnaire items – reappraisal and suppression.  Suppression was negatively 

associated with alerting, rs = -.18, p =.04 suggesting that the use of suppression as an 

emotion regulation strategy may be associated with slower mobilisation of 

attentional resources to an impending target.  No relationships were found between 

attention network scores and the use of reappraisal strategies.  In regression 

analyses, none of the attention network scores were found to account for variance in 

reappraisal or suppression scores.  

 

12.3.4.3.2 Discussion 

Results of the correlational analyses suggest a negative association between 

external functional emotion regulation and executive attention costs, rs = .18, p = .04; 

and a positive association between external dysfunctional regulation and alerting, rs 

= .26, p < .01.  No evidence was found to support the tentative prediction that 

attention network efficiency, in particular reduced executive attention costs, 

predicts the use of functional emotion regulations strategies.  Indeed, a negative 

correlation was found between external functional emotion regulation and 

executive attention costs, suggesting that individuals who tend to use external 

functional strategies (i.e. talk to a friend, seek advice, seek physical contact) have 

higher executive attention costs which reflects impaired inhibition and broadened 
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scope of attention.  It is possible that functional regulation strategies are associated 

with increased executive attention costs and attentional broadening, which might 

underlie a tendency to consider alternative ways of responding to a stress related 

situation.  However, given the exploratory nature of the current study, the fact that 

executive attention costs were not retained in a regression model predicting the use 

of external functional regulation strategies and the lack of previous research 

supporting a negative association between functional emotion regulation and 

executive attention costs, this finding should be interpreted with caution. 

Alerting scores were positively associated with the use of external 

dysfunctional emotion regulation strategies.  Furthermore, the regression analysis 

showed evidence for an influence of alerting as a predictor of dysfunctional emotion 

regulation strategies.  These findings support the possibility that individual 

differences in alerting influence the use of emotion regulation strategies; thus, 

individuals with higher alerting scores (i.e. those who are quicker to mobilise 

attentional resources to an impending stimulus) are also more likely to use external 

dysfunctional emotion regulation strategies (shout, lash out etc).  However, given 

that the data is cross-sectional, the alternative possibility - that the use of external 

dysfunctional emotion regulation strategies results in increases in alerting – can not 

be eliminated at present. 

 

12.3.4.4 Are other emotion related variables associated with attention 

network efficiencies?   

 

12.3.4.4.1 Results 

Negative expressivity was associated with enhanced alerting, rs = 19, p =.05; 

indicating that the tendency to express negative emotions was associated with more 

rapid responses to an external stimulus.  A significant negative relationship was 

also found between impulse strength (e.g.’ I have strong emotions’; ‘My body reacts 

very strongly to emotional situations’) and orienting, rs = -.18, p =.04.  This suggests 

that the tendency to experience emotions more intensely is linked with slowing of 

covert exogenous orienting of attention.     
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Energetic arousal was negatively associated with executive attention costs, 

rs= -17, p =.05.  Increased energetic arousal (as opposed to tense arousal) was 

associated with lower executive attention costs.  Thus, individuals who reported 

that they felt more energetic while performing the ANT were better at inhibiting 

irrelevant flanker information in comparison to those with lower levels of energetic 

arousal.  There were no significant associations between attention networks and 

momentary tense arousal or hedonic tone.   

 

12.3.4.4.2 Discussion 

These correlations are fairly weak and there is little previous research to 

explain why such effects might be present in the data.  In any case, they are 

suggestive of possible relationships between negative expressivity and alerting, 

impulse strength and orienting as well as energetic arousal and executive attention.  

Given that these analyses are exploratory, and are peripheral to the main focus of 

this chapter, they will not be considered further here.   
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12.4 General Discussion 

The present study was concerned with the relationship between emotion-

related variables and the efficiency of attentional processing.  Specifically, the 

relationship between attention networks and individual differences in the following 

variables were examined:  basic emotions, anxiety, emotion regulation and 

expressivity.  The key findings were: 

Alerting (phasic and intrinsic) and emotionality 

1. The tendency to experience high arousal negative emotions  - fear, anger and 

disgust – was positively correlated with alerting;  

2. High state anxious participants had significantly higher alerting scores than low 

state anxious  participants, but did not differ in relation to orienting or executive 

attention; 

3. The use of external dysfunctional emotion regulation strategies was associated 

with higher alerting scores. 

4. The tendency to suppress emotions was associated with impaired alerting. 

5. Negative expressivity was associated with higher alerting scores. 

6. The tendency to experience sadness was marginally significant in accounting for 

impaired intrinsic alerting, controlling for gender. 

Orienting and emotionality 

7. High trait anxious participants were slower to covertly shift their attention from 

a central to a spatial location, but did not differ in terms of alerting or executive 

attention 

Executive attention costs and emotionality 

8. The use of external functional emotion regulation strategies was associated with 

higher executive attention costs. 

9. Energetic arousal was associated with lower executive attention costs.  

10. Males had lower executive attention costs than females. 
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Alerting (i.e.  phasic alerting) reflects the ability to increase response 

readiness following an external cue or impending stimulus (Cao et al., 2008; Sturm 

& Willmes, 2001).  Alerting functions to maintain vigilance or arousal during task 

performance (Halterman et al., 2006), and is considered a foundation form of 

attention on which other attentional processes are based (Raz & Buhle, 2006; Sturm, 

Willmes, Orgass, & Hartje, 1997).  Alerting has an important role to play in optimal 

performance as it involves a change in an internal state which increases readiness to 

respond to an impending target (Wang, Fan, & Johnson, 2004).  Interestingly, the 

results of this study revealed a relationship between the tendency to experience 

high arousal negative emotions – specifically, fear, disgust and anger - and phasic 

alerting.  More frequent experiences of these emotions were associated with higher 

phasic alerting scores.  Fear, disgust and anger are negative emotions characterised 

by high arousal, thus it is possible that a high arousal component of negative 

emotions underpins the relationship between these emotion and phasic alerting 

(Fig. 12.6). 

 

Fig. 12.6: Individual differences in threat sensitivity result in higher levels of phasic 

alerting 

 

 

The regression  analysis offers some support for this proposal – when each of 

the basic emotions are entered into the model (with phasic alerting scores as the 

dependent variable),  fear, disgust and sadness are retained in the model as 

significant, or marginally significant predictors of variance in alerting.  Evidence for 

a suppressor effect of sadness was also found, and partial correlations revealed that 

sadness scale was negatively correlated with alerting.  Sadness differs from the 

other negative emotions in that it is characterised by low as opposed to high 
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arousal, and it is suggested that it is this low arousal component of sadness that 

negatively correlates with alerting.  Furthermore, given the significant zero-order 

correlations between anger and alerting, it is likely that anger is no longer retained 

in the model due to shared variance with fear and disgust in accounting for alerting, 

and is thus dropped.   

Although the basic emotions scale assesses trait-like as opposed to state 

measures of emotion experience, one possibility might be that the relationship 

between high arousal negative emotionality/threat sensitivity and alerting is 

mediated by the experience of fear, anger or disgust, which in turn influences phasic 

alerting (Fig. 12.7).  Given that a state version of the Basic Emotion Scale was not 

administered, this cannot be directly examined.  However, some evidence for a 

potential mediating effect of state emotionality can be drawn from the finding of 

higher alerting scores in high state anxious compared with low state anxious 

participants in the present study.  Similarly, a relationship between state anxiety 

and alerting was reported by Dennis et al. (2007).  However, arguing against this 

interpretation is the finding in Experiment 4 that trait anxiety (but not state anxiety) 

was marginally significantly correlated with alerting - participants did not 

experience enhanced alerting in the fear condition in comparison to the neutral 

condition.  Further research specifically examining whether affective states at the 

present moment in time mediate the relationship between high arousal negative 

emotions and alerting would be useful. 

 

 

Fig. 12.7: Individual differences in threat sensitivity, indicated by fear, anger and 

disgust scores, increase the experience of discrete emotions (e.g. fear) which in turn 

influence phasic alerting. 
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Given the cross-sectional nature of this data, an alternative possibility is that 

individual differences in phasic alerting predict variation in the tendency to 

experience high arousal negative emotions.  This line of reasoning is more closely 

linked with Posner and Rothbart’s position that attention network efficiencies 

moderate the activity of emotional systems (Posner and Rothbart, 2007).  From this 

perspective the findings here provide support for the position that individuals with 

more efficient phasic alerting networks respond more readily to threat related 

stimuli, and as a consequence experience negative emotions more frequently (Fig. 

12.8).  Experimental studies which compare the emotional responses of high versus 

a low phasic alerting group to threat related stimuli would be useful in examining 

this possibility. 

 
 

Fig. 12.8: Phasic alerting increases threat sensitivity which in turn leads to more 

frequent experiences of high arousal negative emotions. 

 

 

Other variables positively associated with alerting were dysfunctional 

emotion regulation, negative expressivity as well as state anxiety group, while the 

use of suppression as an emotion regulation strategy was negatively associated with 

alerting.  Interestingly, these variables might all be underpinned by a high arousal 

negativity factor – for instance, dysfunctional regulation reflects emotional 

responses such as “lashing out” and “shouting”, which are unsurprisingly 

correlated with negative expressivity.  Such correlations provide support for the 

possibility of a relationship between a latent variable – such as high arousal 
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negative emotionality or negative reactivity – that in turn influences both trait and 

state-like emotional variables.  

In terms of orienting, high anxious participants were significantly slower to 

covertly orient their attention from a central to a spatial location in comparison to 

low anxious participants (Fig. 12.7).  This finding is slightly surprising given the 

lack of any effects on the shift component of attention in previous experiments 

reported here – giving rise to speculation that the shift aspect of attention might be 

encapsulated from the influence of emotion.  In particular, although Experiment 4 is 

not directly comparable to the current study as it involved a fear manipulation in a 

female-only sample; there was no evidence for an influence of trait anxiety on 

orienting at an overall level, nor was there any evidence for an interaction between 

orienting and fear condition   Furthermore, while relatively well-established 

findings such as delayed disengagement or more rapid engagement with threat 

related stimuli can be understood in context of increased vigilance in anxiety-related 

states, it is unclear how slowed orienting would complement such models – 

particularly as it seems more likely that trait anxious individuals would exhibit 

faster orienting than non-anxious individuals.  Consequently, it is suggested that the 

correlation between trait anxiety and orienting should be interpreted with caution 

and this finding needs to be replicated before any importance is attached to this 

relationship. 

Executive attention costs were not associated with any of the basic emotion 

variables.  However, a positive relationship was found between external functional 

emotion regulation and high executive attention costs.  This contrasts with some of 

the work on temperament and emotion regulation reported by Posner and Rothbart 

(2007) who suggest that lower executive attention costs, i.e. more efficient inhibition, 

might be predicative of functional emotion regulation.  Based on the data here, an 

alternative interpretation is that high executive attention costs are associated with 

attentional broadening which promotes openness to alternative sources of support 

in dealing with negative emotional responses.  However, this interpretation is 

highly speculative, and further research using a broader range of emotion 

regulation variables would be useful in examining this possible relationship.  

Indeed, it is likely that there are other variables that mediate and/or moderate the 

relationship between relatively low level attentional processes such as executive 
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attention, and trait like variables such as the tendency to use certain emotion 

regulation strategies.  A more focused experimental design would be required to 

tease apart these relationships.  However, the findings here, as well as previous 

research suggest that the emotion regulation and executive attention relationship is 

an avenue that is worth pursuing with further research. 

Of interest is the finding of a relationship between gender and executive 

attention costs suggesting the males are better able to inhibit non-target information 

compared with females.  The same result was found in Experiment 1 but not in the 

other experiments (Experiments 2, 3, 5 and 614).  However, in most other studies, the 

ANT paradigm was modified slightly so the results are not directly comparable; for 

instance, alerting scores were calculated slightly differently in Exp 2, 3, 5 and 615; 

and in Experiment 5 and 6, the target was located in a central location as opposed to 

a location above or below the central fixation.  Furthermore, given that all studies 

conducted as part of this thesis, with the exception of the current study, included an 

emotion manipulation, the significant result reported here should be given more 

weight than the lack of findings in previous experiments.  Additionally, given the 

higher number of participants in the current study in comparison to most previous 

studies, the present study has greater power to detect a gender effect, if such an 

effect exists.  On the other hand, most studies that have used the ANT to date have 

not stated whether or not an effect of gender on executive attention was found in 

their sample, so at present the extent to which a link between executive attention 

costs might be influenced by attention is unclear and needs to be further 

investigated. 

Finally, the finding that the tendency to experience sadness has a marginal 

contribution to make to variance explained in intrinsic alerting scores is particularly 

interesting in light of previous findings relating to lab-induced sadness and reduced 

intrinsic alertness.  Intrinsic alertness relates to general wakefulness and the 

cognitive control of arousal; findings here suggest that sadness at a particular 

moment in time, as well as the tendency to feel sadness in general, is associated with 

reduced wakefulness and generalised arousal.  These fits with theoretical 
                                                 
14In Experiment 4 all participants were female. 
15 In these experiments, to reduce total time on task, the alerting calculation was based on the 
subtraction of RTs following centrally cued targets to RTs following uncued targets as per 
Fan et al. (2005) and Sturm et al. (1999). 
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perspectives suggesting that sadness is associated with withdrawal tendencies, 

recuperation and self-focus as discussed in Chap. 8. 
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13.0 Chapter Overview 

The primary aim of this thesis has been to examine the effect of discrete 

emotions on attentional processes.  In six experiments, the effect of discrete 

emotions – amusement, happiness, sadness or fear – on attentional processing has 

been examined.  In a seventh experiment, individual differences in emotion-related 

variables and attentional performance was explored.  In the current chapter, the 

results of these experiments are firstly summarised.  Secondly, I return to the overall 

aims of this thesis and address each of the research questions initially outlined in 

Chapter 6.  Thirdly, methodological issues associated with the attention network 

test, and eliciting emotion in the lab are considered.  Finally, directions for future 

research are identified. 

 
 

13.1 Summary of Results 

Experiment 1 examined the effect of amusement compared to a neutral 

condition on attention networks.  In line with the broaden-and-build theory of 

positive emotions (Fredrickson, 1998), it was predicted that amusement would 

broaden attention and thus increase executive attention costs in comparison to the 

neutral condition.  It was also tentatively predicted that amusement would facilitate 

orienting and alerting attention.  Comic video clips and cartoons were used to elicit 

an amusement response in participants.  In the neutral condition participants 

watched a documentary and viewed scrambled cartoons between the experimental 

trials.  The results showed no effect of amusement on alerting, orienting or executive 

attention, although effect size calculations suggested a possible small non-

significant effect of amusement on phasic alerting.  Participants reported 

significantly higher levels of amusement in the amusement condition compared 

with the neutral condition; however, other methodological factors such as a lengthy 
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task duration and uncertainties relating to the intensity of the amusement response, 

may have contributed to the failure to find a broadening effect. 

Experiment 2 examined the effect of happiness and sadness in comparison to 

a neutral condition on alerting, orienting and executive attention.  A between-

subjects design was used to reduce task duration.  Again, in line with the broaden-

and-build theory, it was hypothesized that happiness would increase executive 

attention costs while sadness would reduce executive attention costs in comparison 

to a baseline.  IAPS images were used to elicit happy, sad and a non-emotional 

response in participants as they performed the ANT.  The results revealed no effect 

of happiness or sadness on alerting, orienting or executive attention.  However, 

sadness was found to slow overall RTs and reduce intrinsic alertness or general non-

specific excitability. 

In Experiment 3, the effect of sadness on attention networks was examined.  

In addition, sad face and neutral face images were presented before each 

experimental trial for 50 ms reflecting a paradigm developed by Dennis and 

colleagues to examine the efficiency of attentional networks following emotional 

face stimuli (Dennis & Chen, 2007a, 2007b; Dennis et al., 2007).  The aim of this 

study was to replicate the results of Experiment 2 and to explore possible interactive 

effects of sadness and sad face processing on attentional networks.  IAPS images 

were used to elicit sadness or a non-emotional response in participants while 

emotion face images from the NimStim dataset were presented to participants 

before each experimental trial.  There was no effect of emotion (sadness versus 

neutral) on alerting, orienting or executive attention.  Nor was there an interaction 

between emotion and face type.  However, sad faces as opposed to neutral face 

images resulted in reduced executive attention costs suggesting narrowed 

attentional focus.  One interpretation of this finding is that very brief presentations 

of negative emotional faces automatically potentiate a threat response in 

participants which in turn results in reduced executive attention costs.  In contrast 

to Experiment 2, intrinsic alerting was not reduced in the sad compared with the 

neutral condition, however, a comparison of sadness ratings in both studies 

revealed that sadness levels were significantly higher in Experiment 2 compared 

with Experiment 3 (See Chapter 9 for details).  Thus, it is suggested that reaction 
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time slowing and reduced intrinsic alertness occurs during more intense sadness 

experiences, as opposed to mild levels of sadness.  

Experiment 4 examined the effect of fear on alerting, orienting and executive 

attention.  Given some previous evidence for gender differences in fear responding 

(Dickie & Armony, 2008), as well as the finding of an effect of gender on executive 

attention costs in Experiment 1, an all-female sample was used.  In line with 

previous research suggesting a narrowing effect of negative affective states on 

attention (Easterbrook, 1959; Fredrickson, 1998), it was predicted that fear would 

reduce executive attention costs.  It was also hypothesized that fear would also 

facilitate phasic alerting.  Fear-related and neutral IAPS images were used to elicit a 

fear and non-emotional response while participants performed the ANT.  In line 

with predictions, the results showed reduced executive attention costs in the fear 

compared with the neutral condition.  Furthermore, state anxiety was negatively 

correlated with executive attention costs, particularly in the fear condition.  In terms 

of alerting, there was no difference in phasic alerting scores in the fear compared 

with the neutral condition.  Attentional orienting was uninfluenced by the fear 

condition or state/trait anxiety.  The finding that fear reduced executive attention 

costs supports previous evidence for a relationship between negative affective states 

and the narrowing of attentional focus.  Furthermore, this study extends previous 

research by demonstrating that the experience of fear, as opposed to stress or 

anxiety more generally, facilitates inhibition of non-target information, thereby 

narrowing scope of attention.   

In Experiments 5 and 6 a combined emotion manipulation based on both 

music and images was used in an attempt to intensify the emotional response 

elicited, and to replicate previous results based on happiness, sadness and fear 

manipulations.  A within-subjects design was used in both studies.  A modified 

version of the ANT task was developed which assessed only alerting and executive 

attention.  Given the lack of findings in previous studies relating to orienting, trials 

used to calculate orienting scores (i.e. spatial cues) were omitted.  Task targets were 

presented centrally, thus the task reflected a more traditional flanker task with the 

exception that a central cue appeared in advance of some, but not other trials (i.e. a 

cued and uncued condition). 
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In Experiment 5 the effect of happiness and sadness on alerting and 

executive attention was compared with a neutral condition.  It was hypothesized 

that more intense happiness experiences (as a result of the combined music and 

image manipulation) might result in attentional broadening in line with the 

broaden-and-build theory.  However, given the lack of an effect of sadness on 

executive attention in previous experiments (Experiment 2 and 3), as well as the 

Rowe et al. (2007) study, it was predicted that sadness would not influence 

executive attention costs.  Furthermore, the possibility of a more intense sadness 

response due to the music-plus-images manipulation was predicted to impair 

intrinsic alertness as in Experiment 2.  The results revealed no effect of happiness or 

sadness on executive attention.  Nonetheless, in line with predictions, sadness did 

result in reduced intrinsic alertness, replicating the Experiment 2 results. 

In Experiment 6, music and images were used to elicit a sad, fearful and 

neutral response in participants.  However, the emotion report data revealed that 

the fear manipulation was ineffective.  For instance, the combination of fearful 

music and images led many participants to experience more amusement than fear.  

Several methodological reasons for the ineffectiveness of the fear manipulation in 

this experiment were discussed in Chap. 11.  Consequently, only the sadness and 

neutral condition data were retained in the main analysis.  As predicted, there was 

no effect of sadness on alerting or executive attention; however, in contrast to 

predictions, nor was there an effect of sadness on intrinsic alerting.  Possible reasons 

for the lack of replication in this study include emotion contagion or fear 

expectancies relating to the fear condition.  Analysis of self-rated emotion response 

data in the music-plus-images conditions suggested that the use of music and the 

use of combined emotion induction techniques involving music may not be 

appropriate for the elicitation of discrete emotional states in lab settings.  

In the final experiment, individual differences in the tendency to experience 

basic emotions and attention network performance were explored.  In addition, 

relationships between attention network performance and other emotion-related 

variables such as emotion regulation were examined.  Participants completed a 

range of emotion-related questionnaires and performed the original ANT.  The 

results revealed significant correlations between the tendency to experience fear, 

anger and disgust, and phasic alerting.  This suggests that more frequent 
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experiences of fear, anger and disgust are associated with more rapid mobilisation 

of attentional resources in response to an impending stimulus.  Positive 

relationships between phasic alerting and other emotion–related variables; 

specifically, state anxiety, external dysfunctional emotion regulation and negative 

expressivity, were also revealed.  Furthermore, possible models of the relationship 

between the tendency to experience emotion and phasic alerting were considered.  

Other interesting findings were that:  the tendency to experience sadness was 

marginally significant in accounting for variance in intrinsic alertness; the use of 

external functional emotion regulation strategies was associated with higher 

executive attention costs, suppression was associated with impaired alerting, and 

females had significantly higher executive attention costs than males.   

 
 

13.2 Research Questions Revisited 

In this section, the research questions outlined in Chapter 6 are re-considered 

in light of the overall findings which emerged during the seven experiments 

conducted as part of this thesis. 

 

13.2.1  Do positive emotions increase executive attention costs?   

Much of the research in the thesis has been motivated by the broaden-and-

build theory (Fredrickson, 1998) of positive emotions.  According to this theory, 

positive emotions broaden attention, which in turn facilitates creative problem 

solving and divergent thinking.  Direct evidence for broadening has been reported 

in studies using film clips to elicit amusement (Fredrickson & Branigan, 2005) and 

music to elicit happiness (Rowe et al., 2007).  In an eye-tracking study, Wadlinger 

and Isaacowitz (2006) found evidence for broadening, but only in context of highly 

positively valenced peripheral images.  However, in more recent studies, a general 

broadening effect of positive emotion has not been found.  For instance, some 

researchers have recently provided  convincing evidence for attentional narrowing 

during high-approach-motivated positive affective experiences (e.g. enthusiasm or 
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desire when approaching an attractive object such as a tray of desserts) (Gable & 

Harmon-Jones, 2008; Harmon-Jones & Gable, In press).  

In this thesis, the effect of positive emotions on attentional broadening was 

examined in three experiments.  Executive attention costs were used as measure of 

breadth of attention.  However, no effect of amusement (Experiment 1) or happiness 

(Experiment 2 and 5) on executive attention costs was found in comparison to a 

neutral condition.  Unlike some previous studies in which the positive emotion 

manipulations did not result in higher levels of self-reported positive emotion 

(Gasper, 2004; Gasper & Clore, 2002), the self-report data in each of the present 

experiments suggested that the target positive emotion was experienced more 

intensively in the experimental compared with the neutral condition.  Thus, the 

findings in this thesis do not provide support for the hypothesis that positive 

emotions broaden attention. 

Taken together, research in this area suggests that not all positive emotions 

broaden attention as proposed by the broaden-and-build theory.  As discussed, a 

broadening effect of positive emotions has only been found in two experiments 

(Fredrickson & Branigan, 2005; Rowe et al., 2007).  It is highly surprising that further 

replication or extension studies have not been published given the large number of 

theoretical papers relating to the broaden-and-build theory  (Fredrickson, 1998, 

2000, 2001, 2002, 2003a, 2003b; Fredrickson & Joiner, 2002; Fredrickson & Levenson, 

1998; Fredrickson & Losada, 2005; Fredrickson, Mancuso, Branigan, & Tugade, 2000; 

Fredrickson, Tugade, Waugh, & Larkin, 2003).  Indeed, the majority of empirical 

studies on the broaden-and-build theory have focused on the ‘build’ as opposed to 

the ‘broadening’ aspect of the theory. 

The effects of discrete positive emotions on attention might be more 

apparent when positive emotional states as well as the valence of the target stimuli 

are manipulated.  For instance, Tamir and Robinson, (2007) found evidence for an 

effect of positive affective states on selective attention for rewarding as opposed to 

threat-related stimuli.  Although they focused on mood as opposed to discrete 

emotions, it may be that the effects of positive affective states including emotional 

states on attention are most evident in context of rewarding versus threat related 

targets.  Further research is required to assess this possibility.   
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13.2.2  Does the experience of sadness influence executive attention? 

The broaden-and build theory also proposes that negative emotions, 

including sadness, narrow attentional focus (Fredrickson, 1998).  However, the 

findings here, as well previous studies, provide little support for narrowed 

attentional focus in sadness.  For instance, Rowe et al. (2007) found no effect of 

sadness induced by sad music on selective attention.  In another more wide-ranging 

study, the effect of sadness on an array of cognitive processes including cognitive 

control was examined (Chepenik et al., 2007).  The Stroop and Go-NoGo tasks were 

used to assess cognitive control.  Sadness had no effect on performance of the 

cognitive control tasks, nor did it influence any of the executive function tasks more 

generally (e.g. digit span), leading Chepenik et al. to conclude that sadness has a 

limited effect on cognitive processes.  Similarly, in the present set of studies, there 

was no effect of sadness induced by images (Experiment 2 and 3) or music and 

images (Experiment 6) on executive attention costs.  This suggests that sadness, at 

least in healthy populations, does not influence selective attention for neutrally 

valenced stimuli. 

 

13.2.3 Does fear enhance executive attention?   

The findings outlined in Experiment 4 provide support for the view that fear 

enhances executive attention and reduces the costs associated with inhibiting 

irrelevant information, indicating narrowed attentional focus.  These results fit with 

previous studies and theorising which suggest a link between negative emotionality 

and narrowed scope of attention (Basso et al., 1996; Derryberry & Reed, 1998; 

Derryberry & Tucker, 1994; Easterbrook, 1959; Fredrickson, 1998).   Furthermore, the 

results of Experiment 4 extend previous research by focusing on the effect of lab-

induced fear on attention selectivity, as opposed to stress or anxiety more generally.   

Related to this, evidence for the facilitated executive attention following the 

presentations of threatening stimuli might be drawn from Experiment 3.  In 

Experiment 3, a very brief (50 ms) presentation of a sad face image prior to an ANT 

trial, resulted in a small enhancement of executive attention.  Sudden and brief 

presentations of sad face expressions may initiate a threat rather than a sadness 
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response as sad face images indicate that a sadness elicitor may be present in the 

environment.  In contrast, longer presentations of sad faces (e.g. 6 seconds), may be 

more likely to elicit a sadness response in participants as the viewer has more time 

to process the sadness expression, consider its origins, empathise and mirror the 

expression presented in the image.  Therefore, here it is suggested that the sudden 

onset of a sad face may in fact have provoked an automatic threat response which in 

turn resulted in reduced executive attention costs.  Additional support for an effect 

of the brief presentation of fearful or sad face stimuli on reduced executive attention 

costs has been reported by Dennis and Chen  (2007a). 

Evidence that fear reduces executive attention costs is inconsistent with the 

Attentional Control Theory (ACT) which predicts that anxiety and related states 

reduce attentional control (Eysenck et al., 2007).  Specifically, Eysenck et al. propose 

that:  “According to attentional control theory, anxiety impairs processing efficiency 

because it reduces attentional control (especially in the presence of threat-related 

distracting stimuli)” (p.339).  Thus,   according to ACT, anxiety increases the 

influence of the stimulus-driven, bottom up attentional system which in turn 

increases attention to threat-related stimuli. This leads to the prediction that fear 

and anxiety would increase executive attention costs in comparison to a baseline 

state.  However, the ACT emphasizes stimulus salience as being central to the 

overall theory, whereas here, the focus is on attentional processing of neutral 

stimuli.  Furthermore, much evidence for the ACT is taken from dual-task studies in 

which participants have had to perform a primary and secondary task 

simultaneously.  The ACT suggests that performance of a secondary task, especially 

a threat related task, will not be impaired during anxiety because the stimulus-

driven attentional system has a greater influence on anxious individuals, which 

reduces their focus on the primary task.  In contrast, when secondary task stimuli 

are neutrally valenced, the findings here (i.e. reduced executive attention costs in 

fear and anxiety) would predict impaired performance in a secondary task.  Thus, 

research directly comparing the predictions of the ACT with the prediction that fear 

and anxiety reduce executive attention costs, would be useful.   

In sum, the findings here support the view that fear-related states facilitate 

inhibition, suggesting either (a) enhanced top-down cognitive control in fear or (b) 

increased ‘emotional load’ which reduces the availability of attentional resources to 
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process non-target stimuli.  Furthermore, it is proposed that enhanced executive 

attention in fear-related states serves to prepare the individual to focus on a 

potentially threatening stimulus.   

 

13.2.4 Are fear and sadness differentially associated with the efficiency 

of attentional networks? 

Although the fear manipulation in Experiment 6 did not work well enough 

to allow direct comparison of fear and sadness on alerting and executive attention, 

findings from Experiments 2 to 5, in conjunction with previous research, suggest 

that fear and sadness differentially influence attentional processing.  Specifically, 

findings from Experiment 2, Experiment 5 and to some extent Experiment 7, suggest 

that sadness reduces intrinsic alertness, but has no effect on alerting, orienting and 

executive attention.  In contrast, in Experiment 4, fear was found to enhance 

executive attention, but had no effect on orienting or intrinsic alertness.  The effect 

of fear on alerting is inconclusive. 

These differential effects of fear and sadness on distinct attentional processes 

fit with the underlying hypothesis of the present research – that discrete emotions 

are associated with distinct forms of attentional processing.  Furthermore, it is 

suggested that the attentional responses associated with discrete emotions serve to 

help the individual respond appropriately to potential threat-related or rewarding 

situations as they are encountered.  For instance, the appraisal of a significant loss 

often results in the experience of sadness.  Separation, bereavement, 

disappointments, or failure to achieve important goals all result in varying degrees 

of sadness.  Results from three experiments in outlined in this thesis (Experiment 2, 

Experiment 5 and Experiment 7) provide empirical evidence for reduced intrinsic 

alertness in sadness.  It is suggested here that reduced intrinsic alertness may 

function to help the person slow down and to take-stock of their current situation.   

This fits with Izard (1991) who suggests that sadness is accompanied by a slowing 

down of mental and physical functioning which allows the sad person to slow 

down and see the world differently.  Sadness increases self-focused attention 

(Sedikides, 1992) which may serve to help the individual review priorities given to 

important roles and goals in the light of their loss (Power & Dalgleish, 2008).  



 

 296 

 In contrast to sadness, fear occurs in response to threat and is associated 

with a range of subjective, physiological, behavioural, neuropsychological and 

cognitive responses that help prepare the individual to respond to a threat related or 

potentially threat related stimulus.  Enhanced executive attention in fear eliciting 

contexts, facilitates the focusing of attention on a target, and facilitates inhibition of 

irrelevant, non-target information.  Such inhibition is likely to be particularly useful 

in a threatening context, where the individual needs to selectively focus on a 

potential danger and respond appropriately (e.g. freeze, escape) as the situation 

allows.   

 To summarise, in context of the present research, it is suggested that 

sadness is characterised by a reduction in general excitability and impaired 

cognitive control of arousal.  In contrast, fear is characterised by reduced executive 

attention costs, reflecting facilitated inhibition and enhanced attentional focus. 

 

13.2.5 Do emotions influence covert exogenous attentional orienting? 

In four experiments in the present thesis, the effect of amusement, 

happiness, sadness and fear on orienting was examined.  No effect of any of these 

induced emotional states on orienting was found.   

Attention researchers often refer to two forms of attentional control: top-

down (endogenous) or bottom-up (exogenous) (Posner, 1980; Styles, 2006).  

Endogenous (voluntary or top-down driven) attention occurs when observers 

intentionally select a portion of visual information for viewing.  This form of 

orienting is controlled by cognitive factors such as knowledge, expectations and 

current goals.  In contrast, exogenous orienting is characterised as being stimulus 

driven and is primarily influenced by attributes of the stimulus, such as changes in 

the appearance of a stimulus or the appearance of new or novel stimuli (Corbetta & 

Shulman, 2002).  Much previous research suggests that covert exogenous orienting 

is impervious to the influence of higher level cognitive processes (Pashler, Johnston, 

& Ruthruff, 2001; Posner, 1980; Styles, 2006).  However,  more recent studies suggest 

that attentional capture by exogenous cues can be fine-tuned by top-down processes 

in certain circumstances (Pashler et al., 2001; Wu & Remington, 2003).   
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For the most part, the findings reported in this thesis suggest that emotional 

states do not influence covert exogenous orienting of attention.  Thus, in line with 

the position that exogenous orienting is primarily an automatic process, the findings 

here indicate that covert exogenous orienting is also impervious to the influence of 

emotion.  Indeed, it is possible that endogenous or top-down orienting might be 

influenced to a greater extent by emotional states than is exogenous orienting – at 

least in context of neutrally valenced stimuli.  For instance, it is plausible that when 

an individual is experiencing fear, they may be faster to endogenously orient 

attention from one point to another – in particular if they are orienting their 

attention to, or from , a safe to a harm related target location.   

It is possible that positive emotional states influence endogenous, but not 

exogenous orienting.  For instance, much previous research has identified a 

relationship between positive affect and higher level cognitive processes such as 

divergent thinking and creativity problem solving (Isen, 1999, 2000; Isen, Daubman, 

& Nowicki, 1987; Isen et al., 1985).  It is plausible that enhanced endogenous 

orienting in positive affective states might contribute to better performance on such 

tasks.  Further research comparing the effect of emotional experience on 

endogenous versus exogenous orienting would be particularly interesting to test 

whether support for these hypotheses can be found.   

 

13.2.6 Do emotions influence phasic alerting? 

Phasic alerting is an important but under-studied form of attentional 

processing (Raz & Buhle, 2006).  It represents the ability to increase response 

readiness for a short period of time in preparation for an impending stimulus 

(Sturm & Willmes, 2001).  As such, it is concerned with intensity aspects of 

attention.  It is also similar to what LaBerge refers to as preparatory attention, or 

sustained attention between the onset of a cue and a target (LaBerge, 2000).  With a 

few exceptions (Compton et al., 2004; Dennis & Chen, 2007a, 2007b; Dennis et al., 

2007; Pardo et al., 2006), phasic alerting has received very little coverage in emotions 

research.  In particular, there have been no studies that specifically examine the 

effect of discrete emotions on phasic alerting.  However, given that phasic alertness 

reflects a form of attentional readiness or preparedness to respond to an incoming 
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stimulus, it has much in common with emotional responses, which function, at least 

in part, to prepare the individual to respond to a significant event.  For instance, it is 

plausible that the experience of fear, which prepares the individual to respond to a 

potential threat, would also result in increased phasic alertness - such that an 

individual experiencing fear would experience a mobilisation of attentional 

resources, increasing their readiness to attend to a potential threatening stimulus.  In 

this thesis, some evidence for a significant relationship between anxiety and phasic 

alerting relationship has been found.  Experiment 7 revealed that high state anxious 

participants had significantly higher alerting scores than low state anxious 

participants.  Furthermore, Experiment 7 revealed a significant correlation between 

the tendency to experience fear, anger and disgust and alerting.  Dennis et al. (2007) 

also reported a significant relationship between state anxiety and phasic alerting.  

However, the results are not clear-cut, and in Experiment 4, no effect of fear on 

phasic alerting was found.   

Taken together these results suggest a small but significant association 

between high arousal negative emotions and alerting.  The lack of clear results may 

be due in part to the relatively low reliability of the alerting scores (which Fan et al. 

2002 report as being .52 - considerably lower than the reliability levels of the 

orienting (.61) and executive attention network (.77) scores).  

 

13.2.7 Are individual differences in the experience of emotion 

associated with the efficiency of alerting, orienting and executive 

attention costs? 

Much of the research literature in the area of emotion and attention has 

focused on individual differences in trait anxiety and attentional biases for threat 

related stimuli.  As outlined at various points in this thesis, there is much evidence 

that trait anxiety facilitates attentional orienting to threat and slows disengagement 

from negative stimuli (Fox et al., 2007; Fox et al., 2001; Fox et al., 2002; Koster et al., 

2006; Mogg & Bradley, 2002).   Although most of the experiments outlined here 

incorporate at least one individual difference measure (e.g. trait anxiety, 
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extraversion), Experiment 7 focused specifically on the relationship between 

individual differences in emotion-related variables and attentional processing.   

Of primary interest was the finding of a positive association between phasic 

alerting and individual differences in the tendency to experience high arousal 

negative emotions – fear, anger and disgust.  These findings suggest a relationship 

between phasic alerting and individual differences in emotionality, which has not 

received much attention in previous studies.  As outlined in previous sections, 

phasic alerting is a very basic and foundational form of attention, which might play 

an important role in increasing readiness to attend to an impending significant 

target.  This relationship suggests that people who experience fear, anger and 

disgust more frequently are faster to mobilise their attentional resources to an 

impending stimulus, compared with those who experience these emotions less 

frequently.  As discussed in Chapter 12, it is possible that an underlying latent 

variable such as high arousal negative emotionality might underpin the relationship 

between fear, anger and disgust and phasic alerting.  Or, it is possible, that 

individual differences in emotional arousal accounts for these positive associations.  

Further research is required to examine these possibilities. 

Another angle worthy of further investigation is the possibility that 

individual differences in phasic alerting results in more frequent experiences of high 

arousal negative emotions.  From this perspective, it may be that individuals who 

display increased preparedness to attend to impending stimuli, are therefore faster 

and more ready to detect threats, and thus are more sensitive to threat-related 

stimuli in comparison to those with lower alerting scores.  Indeed, evidence that 

individual differences in attentional processing can causally contribute to emotional 

vulnerability is central to the recent development of cognitive bias modification 

(CBM) procedures (Koster, Fox, & MacLeod, 2009).  For instance, in one study, 

individual differences in the readiness to acquire attentional bias towards threat 

cues were found to underlie individuals differences in the elevation of trait  anxiety 

levels in response to stress (Clarke, MacLeod, & Shirazee, 2008).  Although CBM is 

primarily concerned with information-processing in psychopathology, and uses 

paradigms that involve manipulating attention biases for affective information in an 

attempt to modify emotional responding over time, the underlying assumption that 

individual differences in attentional processing can causally contribute to emotional 
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outcomes, reflects the position that individual differences in phasic alerting might, 

at least to some extent, explain individual differences in threat sensitivity or 

emotion reactivity.  

The relationship between individual differences in emotion-related variables 

and executive attention costs was also considered.  A few previous studies are 

suggestive of a relationship between trait anxiety and reduced executive attention 

costs, irrespective of target valence (Derryberry & Reed, 1998; Derryberry & Tucker, 

1994), or a relationship between optimism and broadened scope of attention, 

reflecting increased executive attention costs (Basso et al., 1996).  In the present 

thesis, evidence for a negative association between state anxiety and executive 

attention costs was revealed in Experiment 4, in particular in a fear as opposed to a 

neutral emotion condition.  Furthermore, there was a marginally significant 

association between trait anxiety and reduced executive attention costs, but only in 

the fear condition.  A significant association between anxiety (trait or state) and 

executive attention costs was not found in Experiment 7, which suggests that the 

anxiety–executive attention relationship may be moderated by the affective context, 

i.e. the effect is evident in stress or fear-related contexts, but not in neutral contexts.  

Indeed, this interpretation fits with Derryberry and Reed (1998) who found 

evidence of narrowed attentional focus in trait anxiety during negative but not 

positive games.   

To sum up, the findings here suggest that individual differences in the 

experience of emotions and anxiety are related to attention network performance.  

Specifically, it appears that: (i) a relationship exists between the experience of high 

arousal negative emotions and phasic alerting, and (ii) state anxiety is associated 

with reduced executive attention costs, but only in stress or fear-related contexts; 

(iii) Given the very limited evidence for a relationship between trait anxiety and 

slowed covert orienting, it is suggested that covert exogenous orienting is unrelated 

to individual differences in emotionality.   
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13.3 Methodological Issues and recommendations  

13.3.1 Strengths and limitations of the ANT 

In all seven experiments conducted as part of this PhD research, a variation 

of the attention network test (ANT) was used to assess the efficiency of alerting, 

orienting and executive attention.  The task has many advantages in the context of 

studying emotion and attention:   

 

� It assesses three functionally and neuroanatomically distinct attention networks, 

for which there is much empirical evidence.  This allows for a distinction to be 

drawn between the effects of emotion on distinct forms of attention, all in one 

task.   

 

� The task itself is based on a combination of an exogenous cueing paradigm and 

the flanker task – two tasks which are often used in emotions and attention 

research.  This allows for comparison between current findings with previous 

research based on both paradigms. 

 

� As well as the assessment of alerting, orienting and executive attention, because 

the ANT contains a ‘no cue’ condition, a measure of intrinsic alertness can also 

be derived. 

 

� The ANT can be modified to incorporate an emotion manipulation.  For 

instance, images can be inserted between trials to elicit an emotional response or 

music can be played via headphones while the participant performs the task. 

Other manipulations not used in the present studies such as positive and 

negative feedback after trials could also be easily incorporated into the task 

design. 

 

� The task is easily modified: for instance, the pre-cues can be removed to focus on 

orienting and executive attention.  Similarly, the spatial cues can be removed, 
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and the target centred, to examine alerting and executive attention (as in 

Experiment 5 and 6). 

 

� Since publication of the test details in 2002, a wide range of studies have been 

conducted to examine attentional network performance in a variety of 

participants and contexts (e.g. Dennis et al., 2007; Fan et al., 2005; Murphy & 

Alexopoulos, 2006; Redick & Engle, 2006; Reinholdt-Dunne, Mogg, & Bradley; 

Rueda et al., 2004; Wang et al., 2005; Weaver et al., 2009). Thus, the task has 

received widespread acceptance in the research literature. 

 

However, as with any paradigm, limitations of the task can also be also 

identified 

 

� Based on a sample of 40 participants, Fan et al. 2002 reported test-retest 

reliabilities of .52, .61 and .77 for alerting, orienting and executive attention 

respectively.  In their original study, the retest took place ten minutes after the 

initial test, so the overall experimental context was the same.  The test-retest 

reliability score for alerting is low and indicates higher levels of unsystematic 

variance when alerting is assessed at different time-points.  This is problematic - 

at a minimum, the low reliability means that larger sample sizes will be required 

to detect an experimental effect if one exists.  However, it also means that results 

are likely vary from one experiment to the next, resulting in inconsistent 

findings generally.  This might partially explain while significant associations 

between phasic alerting were found in some studies but not others. 

 

� An advantage of the ANT is that it assesses three attention networks in one test; 

however, this is also a disadvantage, as responses to each trial consist of some 

variation that is associated with performance on each network.  For instance, 

executive attention costs are assessed by subtracting RTs on congruent trials 

from RTs on incongruent trials to calculate the RT costs associated with 

inhibiting irrelevant flanker information on incongruent trials.  However, in the 

ANT, the target does not appear centrally; rather it appears above or below a 

fixation, so that a measure of covert spatial orienting can also be obtained.  
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Furthermore, each trial is preceded by one of four cue types (including no cue), 

which also contribute to the calculation of alerting and orienting scores.  Thus, 

the RTs that are used to calculate each network contain additional variance that 

is used in the assessment of other attention network scores.  In contrast, tasks 

such as the flanker task or the exogenous cueing paradigm offer purer measures 

of exogenous orienting and executive attention respectively (though obviously, 

the downside is that each measures only one aspect of attention).  

 

� In the ANT, attention network scores are based on difference scores.  For 

instance, phasic alerting is based on RTs to a cued target in comparison to RTs 

when to uncued targets.  The ‘no-cue’ condition acts as a baseline against which 

faster RTs to a cued target are compared.  However, differences in baseline level 

RTs from one condition to another can be difficult to interpret.  As discussed in 

Experiment 5 (Chap 11), although higher phasic alerting scores are assumed to 

indicate more rapid allocation of attentional resources to a cued target location; 

higher alerting scores are also evidenced when participants are slower in 

responding to uncued (baseline) trials in one condition to the next.  Thus, it is 

necessary to examine RTs by condition, and to explicitly consider how 

participants perform in the baseline condition.  For instance, the RT data to cued 

and uncued target in Experiment 5 suggested differences in intrinsic alerting, 

but not phasic conditions across conditions, even though the phasic alerting 

scores were significantly different in all conditions.  

 

� It is generally accepted that the alerting, orienting and executive attention 

networks are functionally and neuroanatomically independent from one another 

(Fan et al., 2005; Fan et al., 2002).  However, even in the original ANT study (Fan 

et al. 2002), an interaction between cue and flanker conditions suggested that 

attention networks are not totally independent.  Similarly, in a larger sample of 

200 adults (Fossella et al., 2002), a small but significant negative correlation 

between alerting and executive attention costs was found.  Fan et al. (2005) 

suggest that the attention networks are not independent in all situations, and 

that when slight changes are made to the ANT paradigm additional interactions 

between the networks can be observed.  The issue of independence is relevant to 
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statistical analysis.  If the networks are independent, statistical techniques such 

as ANOVA can be used to examine differences across conditions in each 

network.  However, if the networks are dependent, then multivariate analytical 

techniques such as MANOVA might be more appropriate.  The data reported in 

this thesis largely reflect the predominant position – that of network 

independence.  In particular, in Experiment 7, in which participants performed 

the original ANT, no associations were found between alerting, orienting and 

executive attention network scores.  

 

In short, as with any task, the attention network test has both strengths and 

weaknesses.  As an omnibus test, it can be used to assess three forms of attentional 

processing; it is based on well-established attentional paradigms, and can be easily 

modified for use in a variety of contexts involving the elicitation of emotion in the 

lab.  Amongst the major shortcomings of the test is the low reliability of the alerting 

network and the increased variance due to the fact that the efficiencies of three 

attention networks are being calculated in one test.  In future studies, when specific 

hypotheses relating to individual networks are of interest, it is recommended that 

tasks focusing specifically on these networks are used (e.g. a flanker task, alerting 

task or exogenous cueing task) in place of the ANT. 

 

13.3.2 Eliciting emotion in the lab 

The research reported in this thesis is primarily concerned with the 

relationship between emotional experience and attention processing.  Therefore, in 

the majority of experiments, an emotion (e.g. happiness, sadness, fear or 

amusement) was elicited in participants using one of a variety of techniques 

including film clips, images and music-plus-images.  In all but one of the 

experiments reported here (Experiment 6), the emotion manipulation was deemed 

to be successful.  Specifically, in most experiments, participants reported 

significantly more of the target emotion in the experimental compared with the 

baseline condition, and reported more of the target emotion in the experimental 

condition compared with any other emotion in the same condition.  Drawing on 
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attempts to elicit emotion in the lab in the six experiments reported here, it is 

proposed that: 

 

(i) Certain IAPS images are effective in eliciting discrete emotional states in a lab 

setting (supporting Mikels et al. (2005)).   

 

(ii) Effect sizes for the manipulation of positive emotions such as happiness and 

amusement are smaller than the effect sizes for the elicitation of negative 

emotions such as fear and sadness.  This is probably because people are fairly 

happy in general (Diener & Diener, 1996) – at least when they arrive to 

perform an experiment.  Thus, baseline levels of affect are already positive. 

 

(iii) Images alone are as effective, if not more effective, than music-plus-image 

manipulations in eliciting discrete emotional states in a lab-setting.  Music is a 

complex elicitor of emotion, and can be problematic as music can elicit both 

positive and negative emotions simultaneously.  For instance, music such as 

Barber’s Adagio fro Strings can evoke sadness, while at the same time it can 

elicit awe, contentment, happiness or admiration.  Additionally, musical 

preferences are highly diverse, and an emotional reaction to a piece of music 

will depend to a large extent on whether or not the participants actually enjoy 

the music in question.  Thus, in order to elicit positive emotional states such as 

joy or happiness, a manipulation that allows participants to choose the type of 

music they would like to listen to is likely to be more effective in eliciting 

target emotional responses, in comparison to one that is chosen for them.  

However, given that many studies have successfully used music (alone) to 

elicit mood states in experimental settings (e.g. Chen, Yuan, Huang, Chen, & 

Li, 2008; Coen et al., in press; Wagner, Koschke, Leuf, Schlösser, & Bär, 2009), it 

is suggested that music may be more effective in eliciting general affective 

states as opposed to discrete emotions.  

 

(iv) If a combined manipulation is used (e.g. music-plus-images), it is 

recommended that the combined manipulation be piloted on participants, as 

opposed to piloting the different manipulations separately.  A combined 
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manipulation may result in emergent emotional responses that are not evident 

when the individual manipulations are tested.  For instance, although the brief 

presentation of snake image or a piece of music from ‘The Shining’ might elicit 

a fear response when presented separately; the combined presentation may 

elicit another response such as amusement or confusion, as participants try to 

make sense of the simultaneous presentation of the two distinct stimuli.   

(v) As outlined in Chapter 5, there are significant individual differences in how 

individuals respond to emotional stimuli.  Individuals will vary in terms of 

how expressive they are, the extent to which they regulate their emotional 

responses and how emotionally reactive they are amongst many other 

variables.  Additionally, individuals will appraise emotion eliciting stimuli 

differently.  For instance, an IAPS image that shows friends hugging one 

another might elicit happiness in some individuals; however, if an individual 

has just had an argument with a friend, is missing someone or is feeling 

lonely, the image – which generally elicits a positive response, may elicit 

sadness or anger.  Other images such as lizards may not evoke an emotional 

response in one person, but might be considered scary by another.  Mikels et 

al. (2005) have identified a set of IAPS images that elicit discrete emotions; 

even so, individual differences in how certain images are appraised will still 

be evident in response to their standard set.  One way to deal with such 

individual differences is to develop criteria against which the success of a 

manipulation can be gauged at an individual level.  For instance, in 

Experiment 1, to be retained in the analysis, participants had to report 

experiencing more amusement in the amusement condition compared with 

the neutral condition.  However, removal of data needs to be balanced with 

power considerations.  Another approach is to present participants with each 

image after the study and ask them to report, a second time, how they felt in 

response to each image.  Data relating to images that were not effective might 

subsequently be removed.   

 

(vi) An important consideration, especially with images, but also with film clips 

and music, concerns how long the image should be displayed / film clip 

should last / music should be played, in order to evoke the target emotional 



 

 307 

response.  For the most part, researchers follow guidelines based on previous 

studies, as well as the practical limitations of the experimental design.  

Although researchers tend to agree that affective states have different time 

courses (Bradley & Lang, 2007), there is little research available on the time 

course of emotional responding for discrete emotional states.  Given the lack 

of empirical data in this area, further research on the time course of discrete 

emotions under diverse emotion manipulations would be particularly useful.  

It was suggested in Chapter 11 that one of the possible problems that reduced 

the effectiveness of the fear manipulation in Experiment 6 was that the fear 

images were displayed for 6000 ms, as opposed to 1000 ms as in Experiment 4.  

It is possible that while the brief presentation of a snake or spider image 

results in a sudden automatic fear response; during longer presentations 

participants begin to regulate their fear response and realise that they are only 

viewing an image.  In contrast, images relating to sadness may be more 

effective in eliciting a sadness response as the duration of presentation 

increases.  As a consequence, it is important to consider how long an 

emotionally evocative stimulus needs to be presented in order to elicit the 

target response.  Indeed, when images are used to elicit emotion, it may be 

necessary to present images in one condition for longer than images in another 

in order to maximise the effect of each emotion manipulation on the 

dependent variable. 

 

(vii) Ideally, to minimise the effect of individual differences in emotional 

responding, within-subjects designs are useful.  However, within-subjects 

designs are also problematic as they increase the overall duration of the task, 

which may dilute the emotion experienced in each condition due to boredom 

or frustration.  Furthermore, because more than one emotion might be 

assessed (e.g. fear and sadness compared to a neutral condition in Experiment 

6), it is possible that emotion contagion will occur between conditions, which 

may also attenuate the effectiveness of each emotion manipulation.  Based on 

the studies conducted as part of the present thesis, it is suggested that within-

subject designs are most appropriate when one emotion is being compared 

with a neutral baseline condition.  In contrast, in studies where two or more 
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emotions are being compared, a between-subjects design might be preferable, 

in order to reduce overall task performance time and maximise the likelihood 

that the target emotion will be experienced during the task.  

 
 

13.4 Implications of the current research 

This research is the first to examine the effect of a range of emotions on the 

efficiency of alerting, orienting and executive attention.  In particular, this line of 

research extends previous work on emotion and attention, as it emphasizes the role 

of discrete emotions on distinct forms of attention.   

A number of novel findings have emerged from the seven experiments 

described in this thesis.  Principal findings are that:  (i) Fear, but not sadness, 

facilitates executive attention, providing partial support for Fredrickson’s idea that 

negative emotions narrow attention (Fredrickson, 1998; 2001) (ii) Sadness reduces 

intrinsic alertness (generalised arousal) but does not influence alerting, orienting or 

executive attention. (iii) Some evidence was found that trait and state anxiety are 

negatively associated with executive attention, in particular in fearful contexts.  (iv) 

The tendency to experience high arousal negative emotions is positively associated 

with phasic alerting. (v) Covert exogenous orienting of attention may be impervious 

to the influence of emotion - at least in the context of neutrally valenced stimuli. (vi) 

The brief presentation of a sad face stimulus, results in reduced executive attention 

costs.  It is proposed that the sudden appearance of the sad face image potentiates a 

threat response which in turn results in enhanced executive attention.   (vii) Positive 

emotions do not automatically broaden attention.  The effect of discrete positive 

emotions on attentional processing may be more apparent in context of threatening 

and rewarding targets, as opposed to neutrally valenced stimuli.  

An underlying hypothesis of all experiments conducted in this thesis has 

been that the experience of discrete emotions is associated with distinct patterns of 

attentional processing.  Taken together, the results here offer support for this 

hypothesis.  The effects reported here are small, partly due to the role of individual 

differences in emotionality and emotional-responding, the limitations associated 

with eliciting intense emotional responses in a lab setting, as well as individual 
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differences in the attention network task performance.  Despite this, a set of 

theoretically grounded findings have emerged, offering support for  view that 

discrete emotions are also characterised by distinct forms of attentional processing. 

These findings provide new insights into the relationship between emotion 

and attention in healthy populations.  For instance, these results suggest a 

relationship between certain emotions and phasic alerting – a form of attentional 

processing that has received little coverage in emotions research to date.  They also 

provide evidence of enhanced inhibition and narrowed attentional focus when 

healthy individuals experience fear.  Furthermore, the findings reported here may 

be relevant in clinical contexts.  For instance, reduced intrinsic alerting during 

sadness experiences in healthy participants may be linked with the experience of 

psychomotor retardation and slowing down in major depression.  Similarly, 

evidence for a relationship between high arousal negative emotions and phasic 

alerting suggests that individuals who report that they experience high arousal 

negative emotion more frequently than others, are those who are faster to mobilise 

their attentional resources in response to an impending stimulus.  This relationship 

merits further investigation in particular, given the possibility that individual 

differences in phasic alerting might actually underlie sensitivity to threat related 

experiences.  Further exploration of this relationship may have important 

implications in identifying individuals that might be vulnerable to negative 

emotional experience more generally.  

Pursuit of this line of research will be useful in developing our 

understanding of the pattern of attentional processes associated with frequent 

experiences of discrete emotions.  This may in turn contribute towards the 

development of interventions for regulating intense and frequent negative emotions 

in both healthy and clinical populations. 
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13.5 Directions for future research 

There are several ways in which the findings here could be developed in 

future studies.  In some of the previous chapters, areas for further research have 

already been identified.  Therefore, in this final section, I will focus on directions for 

future research that might be most useful in terms of developing our understanding 

of the emotion-attention relationship; as well as those areas in which I am 

personally particularly interested in. 

A necessary future goal will be to replicate the findings of this thesis.  Firstly, 

the finding that fear reduces executive attention costs needs to be replicated.  Tasks 

which directly assess executive attention are recommended, such as the flanker task 

(Eriksen & Eriksen, 1974; Eriksen, 1995).  The findings here might be extended by 

incorporating valenced stimuli into the paradigm.  For instance, a flanker task could 

be designed with a threat related target (angry face) surrounded by neutrally 

valenced flankers (neutral faces).  This would allow exploration of potential 

interactions between the experience of fear, and attention for threatening stimuli.  A 

possible hypothesis might be that the experience of fear facilitates inhibition of the 

neutral flankers in comparison to a neutral condition.  Given previous research 

suggesting attentional biases for threatening stimuli in general, as well as the 

finding here that fear enhances executive attention, examination of the interaction 

between emotional state and target valence would be interesting. 

As outlined in Chapter 12, the relationship between emotions and phasic 

alerting has received little attention in emotions research to date.  However, as 

phasic alerting relates to an individual’s readiness to attend an impending stimulus, 

it is suggested that enhanced phasic alerting may characterise emotional responses 

that are directly linked to threat perception and distinct action tendencies.  It would 

be useful to examine emotions and phasic alerting using purer measures of both 

auditory and visual phasic alerting (e.g. Robertson et al., 1998; Sturm & Willmes, 

2001).  In particular, it would be useful to re-examine the effect of a fear response on 

phasic alerting using tasks that specifically measure phasic alertness. 

As the fear manipulation in Experiment 6 was ineffective, it would be 

interesting to re-examine the effect of fear and sadness on attentional processing in 
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one experiment.  A replication study using a between-subjects design might be most 

appropriate given possible weaknesses associated with using a within-subjects 

design when examining more than one negative emotion in the same experiment.  

Such weaknesses include emotion contagion, and boredom due to the increased 

duration of the experiment when three conditions are included.  As in Experiment 6, 

a modified version of the attention network task could be used, so that participants 

would be presented with cued and uncued centrally located flankers, allowing 

assessment of alerting and executive attention.  Furthermore, the emotion 

manipulation should be altered so that fear related images are presented for 1000 

ms, while sadness images are presented for 6000 ms.  Two neutral conditions could 

be included – neutral images presented for 6000 ms and neutral images presented 

for 1000 ms, to control for the image exposure durations.   

Related to the issue of emotion manipulation, further studies examining the 

effectiveness of images in eliciting discrete emotions in a lab setting would be 

particularly useful for future studies.  Indeed, as the IAPS stimulus set has been 

developed relatively recently, little research has been conducted on the relative 

effectiveness of such images over other affect manipulation techniques in eliciting a 

target emotional state.  Furthermore, an updated meta-analysis of the usefulness of 

different techniques for eliciting emotion in the lab is now due, as it has been well 

over a decade since the last comprehensive meta-analysis examining the 

effectiveness of mood inductions was conducted (Westermann et al., 1996).   

Another area in which future research would be useful concerns the time 

course of emotion elicitation based on various techniques.  For instance research 

that would identify the optimal duration for which sad, disgust and fear related 

images need to be presented in order to elicit the target emotional response would 

be very useful.  Based on attempts to elicit emotion in a lab setting in this thesis, it is 

predicted that optimal presentation times will differ depending on the target 

emotional response required.      

For the most part, the results of the experiments outlined here suggest that 

covert exogenous orienting is not influenced by emotional states (happiness, 

amusement, sadness or fear).  However, it remains possible that endogenous 

orienting of attention may be influenced by emotion.  Thus, it would be interesting 

to examine whether the experience of emotion differentially influences endogenous 
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compared with exogenous orienting of attention.  For instance, a comparison of the 

effect of discrete positive emotions on exogenous and endogenous orienting might 

also have an important contribution to make to the emerging field of positive 

psychology. 

Furthermore, examining orienting to valenced stimuli during an emotional 

experience would also be useful.  For example, a series of experiments examining 

the effect of the experience of a discrete emotion such as fear on exogenous and 

endogenous orienting to threat-related targets would extend current research 

findings relating to attentional biases for threatening stimuli, and allow for the 

exploration of interaction between the experience of discrete emotions and attention 

to emotional stimuli.  Given that there is much evidence relating to fear-related 

experiences and attention for threat, a study based on a set of experiments 

examining fear and exogenous versus endogenous orienting would represent an 

obvious starting point.   

In relation to positive emotions, the data reported here found no effect of 

amusement or happiness on attention network performance.  As discussed earlier, it 

is difficult to elicit increases in positive emotions in participants as they generally 

are in a fairly positive state when they arrive to take part in a study.  The findings 

outlined in this thesis do not support the broaden-and-build hypothesis that 

positive emotions broaden attention (Fredrickson, 1998).  Indeed, to date there are 

only two studies that provide direct support for the broadening hypothesis.  As 

there are few studies that focus on the influence of discrete positive emotions on 

attention, this is another area in which further research is required.  The findings 

outlined this thesis provide little support that amusement and happiness broaden 

attention in context of neutral stimuli; however, perhaps a more fruitful avenue 

would be to examine the effect of positive emotions on attention for positive versus 

negatively valenced stimuli.  It is possible that positive emotions influence attention 

to valenced information, and that effects of positive emotion on attention emerge as 

interactive effects between emotional state and the valence to target stimuli.  Indeed, 

Tamir and Robinson (2007) found evidence for enhanced selective attention for 

rewarding stimuli in positive affective states.  Another avenue deserving of further 

attention is the idea that high-approach-based positive emotions narrow scope of 
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attention while positive emotions low in approach motivation have the opposite 

effect (Gable & Harmon-Jones, 2008).   

All the experiments conducted as part of this thesis have used behavioural 

paradigms to assess the efficiency of distinct forms of attention.  However, a 

drawback of such behavioural tasks is that they provide rather coarse measures of 

the dependent variables of interest.  This is because in behavioural tasks, RT scores 

necessarily include the time it takes to activate a motor response and select the 

correct response key when responding to a target.  In contrast, techniques such as 

eye-tracking offer more sensitive measures of visual attention processes as they 

directly examine attentional processing based on eye-movements.  Thus, variation 

in RT due to the time taken to exert a motor response is removed.  Furthermore, 

eye-tracking techniques provide fine-grained information on initial orienting, gaze 

durations, number of saccades and target search times.  Consequently, eye-tracking 

could contribute significantly to settling debates in the field such as whether anxiety 

facilitates engagement of attention to threat, slows disengagement from threat, or 

influences both engage and disengage components of attentional orienting.  In 

contrast to the studies conducted in this thesis, eye-tracking is specifically used to 

examine overt attentional orienting.  However, it is a technique that offers much 

potential for further research in this area, not least of all because it facilitates 

examination of ecologically valid stimuli such as real world scenes.   

ERP techniques also offer much potential in examining the relationship 

between emotion and attention.  ERP components related to attention are amongst 

the most well-established in the ERP literature.  Examples include the N1 

component which is associated with spatial attention and involved in discrimination 

tasks.  Similarly, the N2pc reflects the focusing of spatial attention and is thought to 

be involved in the suppression of surrounding non-target information (Luck, 2005).  

Another attention related component is the contingent negative variation (CNV) 

reflects the participant’s preparation for an upcoming target (Luck, 2005).  It is likely 

that the N2pc and the CNV will be involved in executive attention and phasic 

alerting respectively, thus the examination of emotional influences on these 

components would be of particular interest.  Most ERP studies to date have focused 

on ERP responses to emotional stimuli (e.g. Hajcak, Dunning, & Foti, 2009; Hajcak & 

Olvet, 2008; Langeslag, Franken, & Van Strien, 2008; Olofsson, Nordin, Sequeira, & 
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Polich, 2008; van Hooff, Dietz, Sharma, & Bowman, 2008).  In contrast, to investigate 

the effect of induced emotion on attention,  Chen et al. (2008) examined the effect of 

music elicited moods on the strength of emotional negativity bias.  Their results 

provided evidence for increased strength of bias for negative picture stimuli in 

negative affective states as indicated by differences in P2 amplitudes.  Similar 

studies which examine effect of emotion inductions on well-established and easily 

isolated attentional components will have an important contribution to make in 

deepening our understanding of the emotion-attention relationship in the future.   
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13.6 Concluding remarks 

The primary aim of this thesis has been to determine whether the experience 

of discrete emotions is associated with distinct patterns of attentional processing. In 

six experiments, the effect of discrete emotions (amusement, happiness, sadness and 

fear) on attentional processes was examined.  In a seventh experiment, the 

relationship between individual differences in the tendency to experience emotion 

and attention network performance was explored.  Evidence was found that sadness 

reduces intrinsic alertness, but has no effect on alerting, orienting or executive 

attention; that fear reduces executive attention costs, thus narrowing scope of 

attention; that individual differences in the tendency to experience high arousal 

negative emotions is associated with enhanced phasic alerting; and that covert 

exogenous orienting of attention may be impervious to the influence of emotion.  

Limited support was found for the broaden-and-build theory (Fredrickson, 1998) of 

positive emotions.  Taken together, these findings support the underlying 

hypothesis that discrete emotions are characterised by distinct patterns of 

attentional processing.  Several areas for further research are outlined in the final 

sections.  In particular, it is suggested that eye-tracking and ERP techniques will be 

particularly useful in developing new insights into what I consider to be one of most 

exciting areas in psychology – the nature of the relationship between emotion and 

attention. 
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Appendix A:  The Extended PANAS 
 
This scale consists of a number of words and phrases that describe different 

feelings and emotions.  Please read each item and then mark the appropriate 

answer in the space next to that word.  Indicate to what extent you feel that 

way in general. 

 

1 
very slightly 
or not at all 

2 
a little 

3 
moderately 

4 
quite a bit 

5  
extremely 

 

 cheerful  sad   active 

 disgusted  calm  guilty 

 attentive  afraid  joyful 

 bashful  Tired  nervous 

 sluggish  Amazed  lonely 

 daring  shaky  sleepy 

 surprised  happy  excited 

 strong  timid  hostile 

 scornful  alone  proud 

 relaxed  alert  jittery 

 irritable  upset  lively 

 delighted  angry  ashamed 

 inspired  bold  at ease 

 fearless  blue  scared 

 shy  enthusiastic  downhearted 

 sheepish  distressed  blameworthy 

 determined  frightened  astonished 

 interested  loathing  confident 

 energetic  concentrating  drowsy 

 disgusted 

with self 

 angry at self  dissatisfied 

with self 
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Appendix B:  Emotion Report 
 

 

Please rate the greatest amount felt of the following emotion related items 

while viewing the film clip and completing the attention task, up to and 

including now.  Circle the appropriate number where 0 = none and 8 = a 

great deal. 

 

 None        A 
great 
deal 

Amusement……… 0 1 2 3 4 5 6 7 8 

Anger……………… 0 1 2 3 4 5 6 7 8 

Anxiety………… 0 1 2 3 4 5 6 7 8 

Contentment……… 0 1 2 3 4 5 6 7 8 

Disgust…………….. 0 1 2 3 4 5 6 7 8 

Fear………………....
. 

0 1 2 3 4 5 6 7 8 

Happiness………… 0 1 2 3 4 5 6 7 8 

Sadness……………. 0 1 2 3 4 5 6 7 8 

Serenity………… 0 1 2 3 4 5 6 7 8 

Interest………… 0 1 2 3 4 5 6 7 8 
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Appendix C:  ANT Instructions for each experiment 
 
  

Experiment 1 Instructions (Paper based) 

 
What you have to do: 

 

Your task is to determine whether the central arrow in an array of five arrows or 

lines, is pointing to the left or to the right. For example: 

 

� � � � � 
or 

� � � � � 
 

Or sometimes there might just be plain lines to each side of the central arrow. 

 

If the central arrow is pointing to left, press the blue key. 

If the central arrow is pointing to the right, press the o 

range key. 

Your overall response times and accuracy will be recorded.   

 

Where the target arrow will appear: 

 

On each trial, you will first see a cross at the centre of the screen. Try to remain 

focused on the central cross throughout the task.  The central arrow and the adjacent 

arrows or lines will always appear wither above or below the cross.   

 

The asterisks: 

 

Sometimes you will see an asterisks appear before the arrows appear. The target 

arrow will always appear a half a second after the asterisks appears (See p. 2) 
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• The asterisks may appear on in the same location as the cross (centre cue). 

• It may appear both above and below the cross (double cue). 

• It may appear either above or below the cross (spatial cue).  If the asterisks 

appears only above or below the cross then target arrow will appear in that 

location shortly afterwards.   

• On some trials there will be no asterisks.  

  

 

 

 

Short breaks 

 

After every eight trials you an image will appear for ten seconds.  During this period 

you can relax and take a short break.  However, the task will automatically continue 

after ten seconds.   

 

The practise 

 

You will have a short practise session before performing the task. This will take 

about 3 minutes.  As part of the actual experiment, you will perform a longer version 

of the task twice.  It will take about 12 minutes each time.   

 

Do you have any questions? 
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Experiment 2 ANT Instructions (on screen) 
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Experiment 3 ANT Instructions (on screen) 
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Experiment 4 ANT Instructions (on screen) 
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Experiment 5 & 6 ANT Instructions (on screen) 
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Experiment 7 ANT Instructions (on screen) 

 

 
 

 



 

 357 

 Appendix D: Basic Emotions Scale 
 

The question asks about HOW OFTEN you feel each emotion.  Please select ONE 

number only between 1 and 7 to indicate how you feel. 1 indicates that you never feel 
the emotion and 7 indicates that you feel that emotion very often.  Please circle the 
appropriate number. 
 
 
IN GENERAL , I FEEL THIS EMOTION : 
                                                                                                                                                          very 
                                                                     never                                        sometimes                                often 
 

 ANGER   1 2 3 4 5 6 7 

DESPAIR   1 2 3 4 5 6 7 

 SHAME   1 2 3 4 5 6 7 

 ANXIETY   1 2 3 4 5 6 7 

HAPPINESS   1 2 3 4 5 6 7 

 FRUSTRATION  1 2 3 4 5 6 7 

 MISERY   1 2 3 4 5 6 7 

 GUILT    1 2 3 4 5 6 7 

 NERVOUSNESS  1 2 3 4 5 6 7 

JOY    1 2 3 4 5 6 7 

 IRRITATION   1 2 3 4 5 6 7 

 GLOOMINESS   1 2 3 4 5 6 7 

 HUMILIATED   1 2 3 4 5 6 7 

 TENSE    1 2 3 4 5 6 7 

 LOVING   1 2 3 4 5 6 7 

AGGRESSION   1 2 3 4 5 6 7 

 MOURNFUL   1 2 3 4 5 6 7 

 BLAMEWORTHY  1 2 3 4 5 6 7 

 WORRIED   1 2 3 4 5 6 7 

CHEERFUL   1 2 3 4 5 6 7    
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Appendix E: Regulation of Emotion Questionnaire 

Items 

19 Item Questionnaire (Phillips & Power, 2007) 
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Appendix F:  Emotion Regulation Questionnaire 

(ERQ) 

Instructions and Items 

 We would like to ask you some questions about your emotional life, in particular, 
how you control (that is, regulate and manage) your emotions. The questions below 
involve two distinct aspects of your emotional life. One is your emotional 
experience, or what you feel like inside. The other is your emotional expression, or 
how you show your emotions in the way you talk, gesture, or behave. Although some 
of the following questions may seem similar to one another, they differ in important 
ways. For each item, please answer using the following scale:  
 

Strongly 

disagree 

  Neutral   Strongly 

agree 

1 2 3 4 5 6 7 

 
Insert number 

     Here___ 

 When I want to feel more positive emotion (such as joy or 
amusement), I change what I’m thinking about. 
 

 I keep my emotions to myself. 
 

 When I want to feel less negative emotion (such as sadness or anger), I 
change what I’m thinking about. 
 

 When I am feeling positive emotions, I am careful not to express them.  
 

 When I’m faced with a stressful situation, I make myself think about it 

in a way that helps me stay calm.  
 

 I control my emotions by not expressing them.  
 

 When I want to feel more positive emotion, I change the way I’m 

thinking about the situation.  
 

 I control my emotions by changing the way I think about the situation 
I’m in. 
 

 When I am feeling negative emotions, I make sure not to express them. 
 

 When I want to feel less negative emotion, I change the way I’m 

thinking about the situation 
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Appendix G:  Berkeley Emotional Expressivity 
Questionnaire 

 
 

For each statement below, please indicate your agreement or disagreement. 

Do so by filling in the blank in front of each item with the appropriate number 

from the following rating scale: 

 

Strongly 

disagree 

  Neutral   Strongly 

agree 

1 2 3 4 5 6 7 

 

____ 1. Whenever I feel positive emotions, people can easily see exactly 

  what I am feeling. 

____ 2. I sometimes cry during sad movies. 

____ 3. People often do not know what I am feeling. 

____ 4. I laugh out loud when someone tells me a joke that I think is funny. 

____ 5. It is difficult for me to hide my fear. 

____ 6. When I'm happy, my feelings show. 

____ 7. My body reacts very strongly to emotional situations. 

____ 8. I've learned it is better to suppress my anger than to show it. 

____ 9. No matter how nervous or upset I am, I tend to keep a calm exterior. 

____10. I am an emotionally expressive person. 

____11. I have strong emotions. 

____12. I am sometimes unable to hide my feelings, even though I would like to.                               

____13. Whenever I feel negative emotions, people can easily see exactly 

    what I am feeling. 

____14. There have been times when I have not been able to stop crying even     

though I tried to stop. 

____15. I experience my emotions very strongly. 

____16. What I'm feeling is written all over my face. 
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