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Abstract 

  People often inhibit or override their dominant response tendencies in order to complete 

tasks successfully. Exerting such self-control has been shown to influence attentional breadth 

differently depending on an individual’s approach-motivated tendencies, as indexed by 

individuals’ Behavioural Activation System (BAS) scores. Approach motivation and attentional 

breadth have previously been associated with frontal alpha asymmetry (FAA; i.e., lateralized 

cortical activity in the frontal regions) where greater left-frontal activation is associated with 

greater approach motivation and reduced attentional breadth. The process model of self-control 

posits that exercising self-control leads to a subsequent increase in approach behaviour in high 

BAS individuals, and this could be due to a shift towards left-hemisphere-frontal processing. 

However, no one has yet measured BAS, FAA, and attentional breadth together under conditions 

of high and low self-control. This was the first study to examine both FAA and attentional 

breadth before and after exercising self-control in low and high BAS individuals. Greater BAS, 

and greater difficulty exercising self-control, both positively related to narrowed attentional 

breadth, but only after exercising self-control. Breadth of attention and BAS were unrelated to 

FAA at rest, before versus after self-control, suggesting that the influence of self-control on 

individuals’ attentional breadth was not associated with FAA. Overall, results from this study 

suggest that exercising self-control influences attentional breadth differently depending on 

individuals’ BAS scores, but not because of individual differences or changes in FAA.   
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Self-Control and its Influence on Global/Local Processing: An Investigation of the Role of     

        Frontal Alpha Asymmetry and Dispositional Approach TendenciesIntroduction 

Seeing the Forest or the Trees: Global/Local Processing    

 Visual stimuli can be perceived in their entirety or as smaller elements. For example, if 

shown an image of a building, one can attend to the local elements such as windows or doors, or 

one can attend to the building as a whole at the global level. Colloquially, we sometimes refer to 

this as seeing the trees (local level) or the forest (global level). Attentional breadth is measured 

through people’s inclination to attend to the local or global level; a local bias reflects greater 

focus on the local level and indicates narrowed attention, whereas a global bias reflects greater 

focus on the global level and indicates broad attention. 

               There are a number of measures used in the lab to examine the preference to attend to 

the global or local level of stimuli. Navon (1977) showed participants large letters made up of 

smaller letters (see Figure 1A for example) and these were either congruent (e.g., a large T made 

of small Ts) or incongruent (e.g., a large T made-up of small Fs). On some blocks, participants 

were asked to report the global level ignoring the local letters, and on others, were asked to 

report the local level, ignoring the global letter. Navon showed that response times to name the 

global letter did not differ for congruent or incongruent letters, whereas response times to name 

the local letter were slowed when the global level was incongruent compared to congruent. This 

led Navon to suggest that global processing receives priority and that we see the forest before we 

see the trees.  

  In a popular variant of this task using only incongruent Navon letters (e.g., Gable & 

Harmon-Jones, 2008), participants make a speeded response indicating which of two target 

letters is presented in the Navon letter. A target letter is presented either at the global or local 
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level, with the other level having a non-target letter. Faster response times when targets are 

presented in one level relative to the other level suggest that an individual is more biased towards 

focusing on that level. For instance, an individual that is focused on the local level will report the 

target faster when it is presented in the local level relative to when it is presented in the global 

level.  

    

Figure 1. Examples of stimuli used to measure global/local processing 

                                                 
                 

 

 Figure 1. A) Example of an incongruent Navon letter stimulus (e.g., Navon, 1977).  B) Example 

of a global/local test shape triad where participants would be asked to indicate which of the two 

bottom figures best matches the standard figure at the top.  

 

Another variant of the task, popularized by Kimchi and Palmer (1982), showed 

participants a hierarchical shape stimulus (e.g., a triangle made of squares) and asked them to 

report which of two shapes (a triangle made of triangles versus a square made of squares) best 

represented the standard (see Figure 1B). A local processing bias would be indicated by selecting 

the local elements (in this case the squares) more often, and a global processing bias would be 

indicated by selecting the global elements (in this case the triangles) more often. Using 

hierarchical shape task, Kimchi and Palmer (1982) showed that global processing did not 

necessarily receive priority as suggested by Navon. Instead, global/local bias could be modified 

based on the number and density of the local elements such that a global bias was observed when 
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the global stimulus was made-up of many, small, densely-packed local elements, but a local bias 

was observed when fewer, larger, local elements were used to create the global shape. Indeed, 

several changes in stimulus parameters, as well as the task instructions, have been shown to 

influence global/local processing bias. For instance, changing the visual angle (Kinchla & Wolfe, 

1979), time of exposure (Paquet & Merikle, 1984), and the aspect ratio of the visual stimuli 

(Kimchi, 1992), have all been found to influence people’s global/local bias. Processing of global 

or local stimuli can also be influenced by the visual field in which the stimuli are presented, such 

that stimuli that require more global interpretation tend to be processed more efficiently in the 

left visual field, and stimuli that require more local interpretation tend to be processed more 

efficiently in the right visual field (e.g., Robertson, Lamb and Knight, 1988). Note that within 

this area, participants’ performance is often described in terms of their local and global 

processing, especially when using Navon letter stimuli. Performance could also be described in 

terms of analytical or holistic strategies, which have been shown to be more effectively 

completed when visual stimuli are presented in the right and left visual fields, respectively (e.g., 

Segalowitz et al., 1979).   

  Despite the importance of stimulus and task factors, there are reliable individual 

differences in global/local biases when tasks and stimuli are kept constant. Some individuals 

show a bias toward focusing on the local level while others show a bias toward focusing on the 

global level, and these biases have been found to be relatively stable over at least 10 days in both 

the hierarchical shape task and the Navon letter interference task (Dale & Arnell, 2013). Indeed, 

biases in whether individuals focus on global or local levels have been related to their differences 

in creative thinking (Zmigrod, Zmigrod, & Hommel, 2015), age (Müller-Oehring, Schulte, 

Raassi, Pfefferbaum, & Sullivan, 2007), culture (Caparos et al., 2012) and psychopathology 



SELF-CONTROL AND ITS INFLUENCE ON GLOBAL/LOCAL PROCESSING              4 

 

 

 

(Bellgrove, Vance, & Bradshaw, 2003), and can relate to their performance on other cognitive 

tasks (e.g., the Attentional Blink) (Dale & Arnell, 2015).   

Approach Motivation and Global/Local Processing    

Although the degree of global/local bias can vary naturally across individuals, situational 

or state manipulations have also been found to influence global/local processing. For example, 

inducing positive or negative affective moods has been shown to influence attentional breadth 

(Fredrickson, 2004; Fredrickson & Branigan, 2005; Gasper & Clore, 2002). More specifically, 

local bias increases (reflecting a narrowing of attention) after viewing negative images, while 

global bias increases (reflecting a broadening of attention) after viewing positive images.  

Fredrickson (2001) proposed a broaden-and-build theory of positive emotion suggesting that 

these positive experiences and states signal safety and the ability to engage with the environment 

- to play and to explore - while also building personal resources, and this allows for broad 

attention towards the environment. In contrast, negative emotions may signal a life-threatening 

situation that calls for immediate action, or the need for quick and decisive thinking to avoid 

danger or threat, warranting a narrowed focus. Importantly, this theory suggests that emotions 

can serve a purpose in affecting how we interact with our environment as well as how we pursue 

our goals, and that these emotions are often tied closely to our thought-action repertoires.  

  For the sake of survival, it is crucial to approach stimuli that are desirable (e.g., food) 

while avoiding potentially threatening stimuli (e.g., the tiger hiding in the bushes).  The 

motivational intensity of the stimulus can roughly describe the strength of your urge to either 

withdraw or approach the stimulus, with low motivational intensity reflecting a low urge to 

either approach or withdraw and high motivational intensity reflecting a strong urge to approach 

or withdraw (Kelley, Hortensius, Schutter, & Harmon-Jones, 2017). High levels of motivational 
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intensity can then either be toward (i.e., approach) or away from (i.e., avoid) the stimulus. Within 

the last decade, there has been evidence to suggest that positive emotions can narrow attention 

depending on motivational intensity (e.g., Liu, Wang, Quan, & Li, 2017). As predicted by the 

broaden-and-build theory, positive affect with low approach motivation (e.g., calm, satisfaction) 

tends to broaden attentional breadth (Gasper & Clore, 2002). However, contrary to the broaden-

and-build theory, positive affect with high approach motivation (e.g., desire) has been shown to 

narrow attentional breadth (Gable & Harmon-Jones, 2008; Gable & Harmon-Jones, 2009; 

Juergensen & Demaree, 2015).  

  To demonstrate that approach-motivated positive affect could narrow attentional breadth, 

Gable and Harmon-Jones (2008) used Navon (1977) letters to measure attentional breadth, both 

after viewing high approach-motivating – but also positively-valanced- images (i.e., desserts), 

and neutral images (i.e., rocks). They found that individuals were faster at indicating the smaller, 

or local, elements and slower at indicating the global elements, after viewing pictures of desserts 

relative to the neutral images and this effect increased when individuals were led to believe that 

they would get to consume one of the desserts at the end of the study. Gable and Harmon-Jones 

suggested that attentional breadth decreases so that people can focus on objects they desire when 

they are in an approach-motivated positive affective state, which can help aid in goal-pursuit 

(Gable & Harmon-Jones, 2011). Further evidence for this hypothesis was provided in that people 

reporting higher approach motivation in everyday life - as indexed by their Behavioural 

Activation System (BAS) (Carver & White, 1994) scale scores - showed a greater local bias 

(narrower attention) after viewing pictures of desserts relative to those that reported lower 

approach motivation. These results suggest that approach-motivated positive affect can narrow 

attention and that this effect is especially salient for individuals who have more naturally-
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occurring approach motivation in everyday life.  

   In past research, BAS scores have been taken as a measure of an individual’s naturally-

occurring approach motivation. The Behavioural Inhibition System /Behavioural Activation 

System (BIS/BAS) questionnaire was designed to measure both sensitivity to punishment and 

reward (Carver & White, 1994). Conceptually, the BAS and BIS are two distinct motivational 

systems that influence emotional responding and behaviour. The BIS reflects an individual’s 

sensitivity to punishment or nonreward and is often related to anxiety and aversive or withdrawal 

behaviours. In certain situations, a person with a strong BIS may evaluate cues in the 

environment as more negative, and may then withhold responding and inhibit their own 

behaviour. This system is thought to compete with the BAS system, which is responsible for how 

individuals process goal-relevant information and approach appetitive stimuli. Individuals with a 

strong BAS will then be more likely to approach goals and experience positive feelings such as 

joy, elation and pleasure, especially when a rewarding cue is presented. The strength of these two 

distinct motivational systems in individuals are generally not correlated with one another in that 

individuals can have strong BAS and BIS, or weak BAS and BIS (e.g., Crowell, Kelley & 

Schmeichel, 2014; De Pascalis et al. 2013; Hickey, Chelazzi & Theeuwes, 2010; Neal & Gable, 

2017). Furthermore, an individual with high BAS does not imply they also have a low BIS, and 

vice-versa.  Furthermore, these two systems are thought to be represented by distinct – but not 

yet fully understood - neural systems in the brain (e.g., dopaminergic pathways especially within 

the orbitofrontal cortex and ventral striatum for BAS; septohippocampal system with afferent 

projections from the brainstem and projections to the frontal cortex for BIS; Carver & White, 

1994; Hahn et al., 2009). 
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 Frontal Asymmetry as a Marker of Approach Motivation   

Although the exact neural underpinnings of the BAS/BIS systems are not entirely clear, 

multiple studies have found that motivation is reflected asymmetrically in the prefrontal areas of 

the cortex (for review, see Spielberg, Stewart, Levin, Miller & Heller, 2010). To measure frontal 

asymmetrical cortical activity, researchers can calculate a frontal alpha asymmetry index (alpha 

activity in the right frontal electrodes such as F4 and F8 minus alpha activity in the left frontal 

electrodes: F3 and F7), as alpha activity (i.e., power between 8-13 Hz in adults) – either total 

(µV2) or density (µV2 /Hz) - can generally reflect inverse cortical activity (Allen, Coan, & 

Nazarian, 2004). Therefore, the difference between alpha activity in the right and left 

hemispheres can reflect asymmetrical cortical activity which can then be related to behavioural, 

emotional and cognitive measures. For example, if an individual had greater right than left 

frontal activity, there would be less alpha activity in the right side relative to the left. Subtracting 

left alpha power density (µV2 /Hz) from right alpha power density (i.e., log right alpha density 

minus log left alpha density), would result in a negative frontal alpha asymmetry score 

representing greater relative right frontal activity (since greater alpha power density is related to 

inverse cortical activity)1. Greater relative left frontal activity is represented by positive frontal 

alpha asymmetry while a frontal alpha asymmetry score of zero would represent symmetrical 

activity in the left and right frontal areas.  

                                                 

 

1 Often in the literature, greater or lesser relative frontal activity is described in terms of greater or 

lesser frontal alpha asymmetries. This terminology can be confusing in that a greater asymmetry may 

imply greater cortical activity or greater alpha activity (i.e., inverse cortical activity) in either the left or 

right areas. For this reason, and because alpha activity is assumed to relate inversely with cortical activity, 

asymmetries will be described as greater or lesser relative frontal activity (i.e., lesser alpha activity in that 

area) when describing relationships between frontal alpha asymmetry and other measures. It is assumed 

that negative FAA (greater alpha activity in left area relative to right) can be used interchangeably with 

greater relative right frontal activity, and vice-versa for left relative frontal activity and positive FAA.  
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  Initially, it was generally thought that frontal asymmetry related exclusively to valence 

(i.e., greater right frontal activity was associated with high levels of negative affect, and greater 

left frontal activity was associated with high levels of positive affect), although researchers’ 

valence manipulations often confounded motivational intensity and valence (for review, see 

Coan & Allen, 2004). When unconfounded, greater left prefrontal activity was found to associate 

with greater approach motivation and not positive valence, per se. For example, Harmon-Jones 

and Allen (1998) found that individuals’ dispositional anger (a high approach emotion) was 

associated with greater left prefrontal activity at rest despite anger having a negative valence. 

Furthermore, greater left prefrontal activity at rest has also been related to increased responding 

to reward-related cues (Hughes, Yates, Morton, & Smillie, 2014; Pizzagalli, Sherwood, 

Henriques, & Davidson, 2005), greater optimism (De Pascalis et al., 2013) and reduced 

sensitivity to negative outcomes (Nash, Inzlicht, & McGregor, 2012). Greater right prefrontal 

activity at rest has been related to greater stress response (Düsing, Tops, Radtke, Kuhl, & Quirin, 

2016; Quaedflieg, Meyer, Smulders, & Smeets, 2015; Shields & Moons, 2016), increased 

activation of the supervisory control system (Gable, Mechin, Hicks, & Adams, 2015), biases to 

threat – especially under stress (Grimshaw, Foster, & Corballis, 2014; Pérez-Edgar, Kujawa, 

Nelson, Cole, & Zapp, 2013) and risk of psychopathology such as depression (for review, see 

Coan & Allen, 2004).  

  As well as looking at frontal asymmetry at rest, researchers can manipulate individuals’ 

levels of asymmetrical activity by using methods such as neurofeedback, non-invasive brain 

stimulation (e.g., Transcranial direct current stimulation; tDCS), muscular contractions (e.g., 

hand contractions, or performing specific facial expressions or postures). Indeed, frontal 

asymmetry can have a causal role on individuals’ approach motivation (for review see Kelley et 
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al., 2016). For example, increasing left frontal activity by using tDCS can cause people to make 

riskier decisions (Fecteau et al., 2007), while increasing right frontal activity can cause decreased 

food cravings (Fregni et al., 2008) – results that are consistent with left frontal activations 

association with approach, and right frontal activations association with withdrawal. Price and 

Harmon-Jones (2010) also provided experimental evidence for the link between approach 

motivation and left hemisphere frontal activation by showing greater left versus right hemisphere 

frontal cortical activation when participants leaned forward with their arms extending forward (a 

high approach posture) compared to when they reclined backward (a low approach posture).  

Importantly, frontal asymmetry has also been related to individuals’ BAS scores as higher 

BAS scores have been associated with larger relative left resting frontal activity (Harmon-Jones 

& Allen, 1997), although this relationship has not always been found (Boksem, Kostermans, 

Tops, & De Cremer, 2012; Neal & Gable, 2017; Wacker, Chavanon, & Stemmler, 2010).   

Frontal Asymmetry and Global/Local Processing     

 Individuals’ naturally occurring asymmetric resting-state frontal activity (i.e., asymmetric 

resting frontal activity that is not manipulated by the researchers) has been associated with event-

related potentials (ERPs) during a global/local task (Boksem et al., 2012). Participants completed 

a Navon letter task, with the addition of either a “global” or “local” pre-stimulus cue to direct 

them to the relevant level of the target. Participants’ resting relative frontal activity did not 

predict global-local bias as measured in the pattern of response times, but did predict the 

amplitude and latency of ERPs (e.g., N1, P3) during the global/local task. Specifically, 

individuals with greater left relative frontal activity at rest elicited P3 potentials with both greater 

amplitudes and earlier latencies on trials that required global focus, relative to when they were 

asked to focus their attention on the local stimuli, suggesting that they more readily perceived 
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and classified global stimuli. They also found that relative left frontal activity was positively 

related to one of the BAS subscales (BAS-Reward), but was negatively related to the other two 

subscales (BAS-Fun-seeking, BAS- Drive) when all four BIS and BAS measures were entered as 

simultaneous predictors of right frontal activity.  These results are unexpected given that the 

greater left frontal activity has been linked to high approach states (e.g., Fecteau et al., 2007; 

Harmon-Jones & Allen, 1997, 1998; Price & Harmon-Jones, 2010), and high approach states and 

greater left hemisphere activation have been linked to local processing and narrowed attention 

(e.g., Gable, Poole & Cook, 2013; Gable and Harmon-Jones, 2009; Harmon-Jones, Gable, & 

Price, 2012).  When describing the discrepancies between their results and those found by Gable 

and Harmon-Jones (2008), Boksem and colleagues suggested that the dessert stimuli used by 

Gable and Harman-Jones may tap drive more than reward, and argued that left frontal activation 

may relate positively to BAS-Reward, but negatively to BAS-Drive, and that these should be 

considered separately when looking at how approach-motivation can relate to frontal asymmetry 

and global-local bias.  

  Importantly, there is experimental evidence that increasing relative left activity can cause 

narrower attentional breadth while increasing relative right activity can cause increased 

attentional breadth. Gable et al. (2013) asked participants to squeeze a small rubber ball in either 

their left or right hand in order to increase contralateral hemispheric activity. They found that 

these hand contractions resulted in greater contralateral central-parietal activation whereby 

squeezing the ball in one’s right hand resulted in greater left hemispheric activation and vice-

versa. After squeezing the rubber ball, participants then completed the Navon letter task to assess 

their attentional scope. Participants that had shown greater left hemispheric activation by 

squeezing the rubber ball in their right hand were found to have a more narrowed attentional 
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scope (i.e., they were more locally biased), while participants that had squeezed the rubber ball 

in their left hand showed a broader attentional scope (i.e., greater global bias). These results 

suggest that there is a causal link between relative asymmetrical activity and attentional breadth, 

whereby greater left relative activity results in narrower attentional scope and greater right 

relative activity results in broadened attentional scope, when stimulating central-parietal areas. 

  One difference amongst studies that include both frontal asymmetry and global/local 

processing measures is that some researchers examine frontal asymmetry at rest (e.g., Boksem et 

al., 2012) whereas others examine frontal asymmetry while participants complete the global-

local task after some manipulation such as emotional picture viewing or hand contractions 

(Gable et al., 2013; Harmon-Jones & Gable, 2009). There is a debate in the literature whether 

frontal asymmetry is best thought of as a trait or state measure. Dispositional models of frontal 

asymmetry propose that people are more or less approach motivated, and this is reflected in 

asymmetrical frontal cortical activity at rest, which can affect their responses in most, or all, 

situations. Measures of frontal asymmetry have been found to have trait-like heritability 

(Anokhin, Heath, & Myers, 2006; Smit, Posthuma, Boomsma, & De Geus, 2007), an association 

with temperament from an early age (Howarth, Fettig, Curby, & Bell, 2016), and acceptable test-

retest reliability (Tomarken, Davidson, Wheeler, & Kinney, 1992) which all support the use of 

frontal asymmetry as a trait variable. However, frontal asymmetry has also been found to be 

influenced by the context that the individuals are in. For example, experimenter manipulations of 

affect (Harmon-Jones & Gable, 2009) and posture (Price & Harmon-Jones, 2010) have both have 

been shown to influence frontal asymmetry (Coan, Allen, & McKnight, 2006).  

  The capability model of frontal asymmetry suggests that there are individual differences 

in resting or trait frontal asymmetry, but how they affect emotional behaviour is a function of the 
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interaction between trait frontal asymmetry and the emotional demands of the situation, rather 

than trait or state effects alone (Coan et al., 2006). This model predicts that changes in task-

related frontal asymmetry, such as those during the viewing of emotional images, reflect this 

interaction, and that the relationship between frontal asymmetry and individual difference 

variables will be more pronounced during emotional behaviour. For example, Harmon-Jones and 

Gable (2009) examined relative left frontal activity while people viewed either a dessert image or 

a neutral image prior to each Navon letter. Their results showed a local bias on trials following a 

dessert picture, but a global bias on trials following a neutral picture. Furthermore, individual 

differences in left frontal activity while viewing dessert images were negatively associated with 

individual differences in local target reaction times, even when controlling for local reaction 

times after viewing neutral images. Furthermore, the strength of this association increased with 

the number of hours since the participant had eaten. These results suggest that the manipulated 

emotional-state context (i.e., viewing approach-motivating versus neutral images) could 

moderate the relationship between individuals’ frontal asymmetry and their attentional breadth. 

Self-Control and its Effect on Frontal Asymmetry     

Studies cited above showed that manipulations of posture and emotions can influence 

frontal asymmetry.  Exercising self-control can also potentially influence frontal asymmetry 

(Schmeichel, Crowell, & Harmon-Jones, 2016). Self-control is defined as “the aspect of 

inhibitory control that involves resisting temptations and not acting impulsively or prematurely” 

(p.137, Diamond, 2013). Sometimes people must inhibit prepotent or tempting responses in order 

to make more appropriate responses. An example in everyday life would be if a person had to 

inhibit the temptation to eat some cake, which may be much more rewarding in the short-term, to 

better reach their potentially more rewarding long-term goals such as being healthier. In the lab, 
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trait self-control can be measured by having participants complete self-report questionnaires such 

as the Trait Self-Control scale (Tangney, Baumeister, & Boone, 2004). State self-control can be 

measured or manipulated by having participants complete behavioural tasks requiring self-

control. One common example is the Stroop task (Stroop, 1935), whereby people are asked to 

name colours of words with mismatching word meanings (e.g., indicating the font colour blue of 

the word GREEN). While completing the Stroop trials, the semantic meaning of the words 

become readily available since reading is a more automatic process relative to font naming, and 

these predominant responses interfere with the ability to report the font colours. Self-control is 

required in that individuals have to inhibit the dominant tendency of reporting the meaning of the 

words in order to report the font colours instead, and this process is often effortful (for example 

see Kelly, Sünram-Lea, & Crawford, 2015). There are a variety of measures used within the 

literature to examine self-control, although heterogeneity in correlations between these measures 

suggest that self-control is a multidimensional and complex construct (Duckworth & Kern, 

2011). However, there does seem to be moderate convergence between these measures and it is 

rather impressive how well performance on many of them can predict future behaviours (e.g., 

weight gain, gambling, academic success, etc.) (Inzlicht, Schmeichel, & Macrae, 2014; Mischel 

et al., 2011; Tangney et al., 2004). 

  Given the strong real-world implications, it is often a priority to look at how and why 

people do not succeed at being able to exercise self-control. These regulatory failures have been 

historically thought to happen due to self-control relying on a limited resource that can be 

exhausted (e.g., Baumeister, Bratslavsky, Muraven & Tice, 1998). Evidence for this model was 

established by using a sequential task paradigm where exercising self-control in a first task 

rendered participants less able to exercise self-control in a second task. The ego-depletion model 
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of self-control proposes that completing the first task consumes this inner resource required for 

self-control, and that the inner resource is not yet replenished when the person is completing a 

subsequent self-control task.  Thus, regulatory failures occur due to the resource becoming 

depleted (Baumeister et al., 1998). For the past few decades, there have been multiple studies 

that have replicated the finding that performance during a second self-control task is worse than 

performance during the first self-control task. However, the theory that self-control is best 

thought of as a limited resource has become a subject of debate in the past few years, with some 

studies suggesting that the size of the effect is smaller than previously thought (Hagger, Wood, 

Stiff, & Chatzisarantis, 2010), and others proposing that there is no real effect, and that the true 

null effect is masked by a publication bias (Carter, Kofler, Forster, & McCullough, 2015; Hagger 

et al. 2016). Regardless, one crucial limitation of the ego-depletion model is that the limited 

resource that self-control relies on has not been sufficiently specified2.  

  There have been attempts in recent years to precisely determine what occurs during these 

regulatory failures. One possibility is that self-control does not rely on a limited resource, per se, 

but rather that exercising self-control by consciously and effortfully inhibiting predominant 

response tendencies may lead to a shift in people’s motivational orientation (Inzlicht et al., 

2014). Furthermore, completing self-control is taxing, effortful and often aversive (Botvinick, 

2007), and people may switch from working on “have-to” goals towards indulging in their 

“want-to” goals (Inzlicht & Schmeichel, 2012). Therefore, according to the process model, 

(Inzlicht & Schmeichel, 2012) greater motivation toward internally gratifying, enjoyable and 

                                                 

 

2 It has been proposed that glucose could serves as the resource in which self-control relies on 

(Gailliot et al., 2007), although this idea is controversial within the literature and has not received support 

recently (for recent review, see Dang, 2016).  
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meaningful activities after completing self-control can cause people to be less prone to perform 

as well on a second “have-to” self-control task. Note that while the resource model is generally 

examined by using a method with two subsequent self-control tasks, the process model makes 

predictions that can be tested without using this specific method. The process model predicts 

changes in motivation and attention following self-control, and this can be examined by using a 

subsequent task that does not demand people to exercise self-control (Schmeichel, Harmon-

Jones, & Harmon-Jones, 2010). For instance, people may shift their attention toward cues for 

reward and gratification, and away from cues of conflict and discrepancy after completing self-

control.  

  There is evidence to suggest that individuals do experience greater approach motivation 

after exercising self-control. For example, participants showed increased betting on a low-stakes 

gambling game, regardless of relative outcomes, as well as facilitated perception of reward-

related symbols (i.e., dollar signs) after exercising self-control (Schmeichel et al., 2010). As well, 

individuals with higher BAS scores demonstrated greater optimism about future health-outcomes 

after engaging in self-control (Crowell et al., 2014). Exercising self-control also resulted in 

greater subsequent activity in areas of the brain responsible for coding reward (Wagner, Altman, 

Boswell, Kelley, & Heatherton, 2013), as well as increased desire (Hofmann, Vohs, & 

Baumeister, 2012). 

  Importantly, self-control can also influence frontal asymmetry whereby exercising self-

control can result in greater left relative frontal activity – a proposed marker of approach 

motivation – especially for those who self-report high approach motivation in everyday life. In a 

recent study, Schmeichel and colleagues (2016) asked participants to complete a writing task 

where they were instructed to write about a trip that they had recently taken. Half of them were 
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asked to exercise self-control by refraining from using the letters “a” or “n”, while the other half 

were given no further instructions (i.e., the control group). Afterward, they were asked to view 

positive, negative and neutral images while EEG was recorded, and then completed the BIS/BAS 

questionnaire to measure naturally-occurring approach motivation. Completing the controlled 

writing task (i.e., inhibiting the use of the two letters to elicit self-control), but not the free-

writing task, increased relative left frontal activity when viewing positive images for people with 

high BAS-BIS scores, but not for those with low BAS-BIS scores.                                                                                                                              

Self-Control and its Effect on Attentional Breadth   

Exercising self-control has been hypothesized to increase approach motivation, and has 

been shown to increase left frontal activation, at least for individuals high in trait approach 

motivation (Schmeichel et al., 2016). Both approach motivation and left frontal activation have 

been implicated in a local processing bias (e.g., Gable et al., 2013, Harmon-Jones & Gable, 

2009), suggesting that exercising self-control could promote reduced attentional breadth. 

Crowellet al., (2014) had participants complete the BIS/BAS questionnaire after writing about a 

recent trip they had taken, either without constraints (control condition), or without using the 

letters “a” or “n” (self-control condition), and completing the hierarchical shape task to measure 

their attentional breadth (Kimchi & Palmer, 1982; see Figure 1B). Participants reporting greater 

trait approach motivation made more global selections, but only after completing the more 

taxing, self-control task. This suggests that exercising self-control broadened their attention, 

which the authors suggested was an indication of greater approach motivation following self-

control. This finding and conclusion are contrary to what one would expect based on the 

association between self-control, approach motivation, and local bias as outlined above. Instead, 

the authors situated this result with those of Förster, Friedman, Özelsel and Denzler (2006), who 
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claimed that moving a mouse through a computerized maze in order to get the cheese – a 

manipulation that was thought to elicit greater approach motivation - resulted in broadened 

attention afterward. Furthermore, Crowell and colleagues (2014) suggested that the self-control 

task could increase approach motivation, resulting in a positive but low motivational state after 

completing their goal, but not to the same extent as viewing images of desserts and other 

approach-motivating stimuli in past literature (e.g., Gable & Harmon-Jones, 2008; Harmon-Jones 

& Gable, 2009). It is not clear, however, why low approach motivation would broaden 

attentional breadth while higher levels of approach motivation would result in more focused 

attention.                                                   

 The Current Study  

 There is evidence to suggest that exercising self-control can influence both frontal 

asymmetry (Schmeichel et al., 2016) and global/local processing (Crowell et al., 2014), where 

self-control can increase relative left frontal activity and broaden attentional scope – especially 

for high approach-motivated individuals. These results are contradictory if we consider that the 

majority of evidence suggest that greater relative left frontal activity is associated with narrowed 

attention (e.g., Harmon-Jones & Gable, 2009). If self-control does increase relative left frontal 

activity for high approach-motivated individuals, then we should expect to find that their 

attention narrows (e.g., Harmon-Jones & Gable, 2009). The goal of the current research is then to 

examine both frontal asymmetry and global/local processing following self-control to further 

determine the relationship between these two constructs while people are exercising self-control.  

  Two experiments were conducted: one that included behavioural and self-report measures 

(Experiment 1) and another that included a similar design to Experiment 1, but also included 

electrophysiological measures of frontal asymmetry (Experiment 2). The purpose of Experiment 
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1 was to replicate the finding that self-control could influence attentional breadth depending on 

individuals’ approach motivation in everyday life. Participants were randomly assigned to one of 

two conditions: a high self-control condition (incongruent Stroop trials), or a low-self-control 

condition (congruent Stroop trials), and completed the BIS/BAS questionnaire to measure trait 

approach motivation. Because there is evidence that attentional breadth differs naturally between 

individuals (e.g., Dale & Arnell, 2013), attentional breadth was measured both before and after 

the self-control task so that the change in attentional breadth could be examined independently of 

any individual differences. My main hypothesis for Study 1 was that self-control would influence 

the change in attentional breadth differently depending on whether people were high or low 

approach-motivated, whereas there would be no difference between the change in attentional 

breadth for high and low approach-motivated people after completing the non-self-control task. 

Based on literature cited above suggesting that self-control can increase left frontal activity for 

high approach-motivated participants (Schmeichel et al., 2016), and that greater left frontal 

activity is associated with reduced attentional breadth (Harmon-Jones & Gable, 2009), it was 

predicted that attention would narrow for high approach-motivated people following self-control. 

Some participants may find the incongruent Stroop task more difficult than other participants in 

terms of the amount of self-control required to inhibit the prepotent response. This could be 

evidenced by longer response times on the Stroop task, and also by their self-report of how 

difficult they found the Stroop task. Therefore, I also predicted that the greater an individual’s 

difficulty with the incongruent Stroop task (measured both by Stroop response times and self-

reported difficulty rating), the greater their narrowing of attention would be, reflecting the 

association between self-control and attentional breadth.  

  For Study 2, I examined the relationship between approach motivation and attentional 
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breadth following self-control to see whether the change in attentional breadth could be 

associated with individual differences in resting frontal alpha asymmetry (RFAA). Another 

possibility is that the change in breadth could be due to an interaction between people’s RFAA 

and environmental demands as predicted by the capability model of frontal asymmetry (Coan et 

al., 2006). Frontal Alpha Asymmetry (FAA calculated during the pre-trial interval of the global-

local task) was used to look at whether individuals’ frontal asymmetry changed after completing 

the self-control task (post FAA) relative to their frontal alpha asymmetry pre-self-control (pre 

FAA). I hypothesized that RFAA would relate to individuals’ self-reported approach motivation 

where greater trait approach motivation (higher BAS scores) would be associated with greater 

left relative frontal activity, and that greater left relative frontal activity  would relate to narrower 

attention following self-control for higher approach-motivated participants.   

 Experiment 1  

  The aim of the first experiment was to replicate Crowell and colleagues' (2014) finding 

that attentional breadth could be influenced by having individuals exercise self-control for a brief 

period of time, and that this relationship would be moderated by individuals’ self-reported 

approach motivation as indicated by their BAS scores. Participants completed the BIS/BAS scale 

and performed a global/local task to measure attentional breadth both before and after a 5 minute 

Stroop task requiring high self-control (incongruent Stroop trials), or low self-control (congruent 

Stroop trials). It was predicted that attentional breadth would be influenced to a larger degree for 

those with higher approach-motivated tendencies following self-control relative to individuals 

with lower approach-motivated tendencies. 
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                                                                        Methods 

Participants 

  The participants were 63 Brock University undergraduate students recruited through an 

online participant recruiting system. They all received partial course credit for their participation 

in the experiment. The final sample consisted of 63 participants: 12 males and 51 females. 

Participants ranged in age from 17 to 25 years with a mean age of 19.72 years (SD = 1.86). All 

participants reported English as their first language and normal or corrected-to-normal vision.  

None of the participants reported any perceptual or cognitive impairment.    

 Self-Report Measures 

 BIS/BAS. The Behavioural Activation System and Behavioural Inhibition System 

(BIS/BAS) scales (Carver & White, 1994) were used to measure individuals’ dispositional 

motivational systems (for questionnaire used, see Appendix A). The BAS scale consists of 13 

statements while the BIS scale consists of seven statements. Participants completed 

computerized questionnaires containing items from both of these scales in random order. They 

were asked to report on a scale from 1 (strongly disagree) to 4 (strongly agree) whether the 

behaviour described in each item was like them. 

  After accounting for the two reverse-scored items on the BIS scale, the seven BIS items 

were summed for each participant to represent their total BIS scores, which could vary from 7 to 

28. Individuals’ BIS scores represented the degree to which their aversive motivational systems 

were sensitive to signals of punishment and nonreward (e.g., criticism or scolding hurts me quite 

a bit). Individuals’ total BAS scores represented the competing motivation system, which is more 

sensitive to reward cues and movement toward goals. Individuals’ BAS scores were calculated 

by summing individuals’ responses to all 13 items such that the minimum possible score was 13 
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and the maximum possible score was 52. As well, there were three BAS-related subscales 

computed from a subset of BAS items: BAS-Drive (BAS-D), BAS-Fun Seeking (BAS-F), and 

BAS- Reward Responsiveness (BAS-R). The BAS-D subscale consisted of items related to 

individuals’ pursuit of goals (e.g., when I want something, I usually go all-out to get it.) with 

possible scores ranging from 4 to 16, the BAS-F subscale consisted of items related to the 

willingness to approach a potentially rewarding experience, sometimes in the spur of the moment 

(e.g., I am always willing to try something new if I think it will be fun.) with possible scores 

ranging from 4 to 16, and the BAS-R subscale contained items that related most to the 

anticipation or liking of reward (e.g., When I get something I want, I feel excited and energized.) 

with possible scores ranging from 5 to 20.   

Computerized Tasks 

   Navon Letter Task.  In the Navon letter task (Navon, 1977) participants were presented 

with large (global) letter stimuli that were composed of smaller (local) letter stimuli (see Figure 

1A for examples). Smaller letters had a visual angle of 0.19 (height) by 0.19 (width), while the 

larger letters had a visual angle of 3.82 degrees (height) by 2.39 degrees (width). See Appendix B 

for Navon Letter stimuli used in this experiment. This relative size of the local and global letters 

has been shown in previous work (Dale & Arnell, 2013) to produce approximately equal 

response times to local and global levels, such that the stimuli themselves do not bias the sample 

of participants in a local or global direction, but allow each individual’s bias to come through. 

Each letter was centrally presented on a white-background screen until the response was made, 

and was preceded by a fixation cross for 500ms and followed by a blank screen for 1000ms. The 

Navon letters were always incongruent in that the global level letter was different from the local 

level letters. The letters “T’ and “H” were designated as targets. On half of the trials a target 
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letter (i.e., T or H) was presented at the local level and a distractor (i.e., F or L) was presented at 

the global level. On the other half of trials a target letter was presented at the global level and a 

non-target letter was presented at the local level. All combinations of target letters, distractor 

letters, and target levels were equally likely and presented randomly trial-to-trial. Participants 

were asked to respond as quickly and accurately as possible by pressing either the p (with a 

stickered “T” symbol) key whenever they saw a T, or the q (with a stickered “H” symbol) key 

whenever they saw an H, in either the global or local levels. Participants were instructed to rest 

their palms on the desk in front of the keyboard and rest their right and left index fingers on the 

two response keys. Participants completed 64 trials of the Navon task before the Stroop task, and 

64 trials after the Stroop task (Stroop, 1935).  

   Stroop Colour Task. In the Stroop Colour Task (1935), a colour word, presented in 18-

point Courier New font, was presented in the center of a white computer screen until a response 

was made. This was preceded by a 500ms fixation cross and followed by a 1000ms blank screen 

after the response. Four colours (red, blue, green, and orange) were used for the font colours and 

words. In the congruent condition, font colours matched the word meanings (e.g., the word 

“BLUE” in blue font). In the incongruent condition font colours did not match the word 

meanings (e.g., the word “BLUE” in red font). Participants were randomly assigned to complete 

five minutes of either incongruent Stroop trials or congruent Stroop trials3. All participants were 

instructed to indicate the font (i.e., ink) colour of the word by pressing one of the A, S, K, L keys, 

with corresponding colour stickers, as quickly and accurately as they could. Self-control is 

thought to be elicited when completing incongruent Stroop trials, as participants have to inhibit 

                                                 

 

3 The number of Stroop trials completed by participants did not significantly relate to any 

dependent measures.  
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their automatized, dominant tendency to read the meanings of the words in order to report the 

font colours, but such control is not required in the congruent Stroop condition (Wallace & 

Baumeister, 2002).  

 Procedure  

  All questionnaire items, Stroop, and Navon stimuli, were presented on a 17-inch CRT 

monitor and controlled by E-prime software running on a Dell desktop computer. Responses 

were made using the computer keyboard or mouse while participants viewed the screen 

unrestrained from approximately 60 centimeters. Responses were timed using E-Prime software 

(Psychology Software Tools, Pittsburgh). All participants performed the tasks alone in a test 

cubicle.  

After providing informed written consent (see Appendix C), participants received verbal 

instructions for completing the questionnaires. Pop-up windows for the questionnaires were 

placed in a vertical line from the top of the screen to the bottom of the screen, and participants 

were instructed to click on the “ok” button to begin each questionnaire4. After completing all of 

the questionnaires alone, the experimenter then verbally explained the Navon Letter task and 

watched the eight practice trials to ensure that the participant understood the instructions. It 

generally took the participants approximately 3 minutes to complete the 64 trials of the Navon 

letter task. The experimenter then verbally explained the Stroop task. The participant then 

completed the Stroop task for 5 minutes regardless of how many trials they had completed. They 

were then instructed on the screen to continue to the third task, which was the second block of 

                                                 

 

4 Participants also completed the Circumplex Affect Scale, Barrett’s Impulsivity Scale and the 

Self-Control Scale, although results from these measures are tangential to the thesis questions and will not 

be reported here. 
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the Navon Letter task. After completing the second block of the Navon letter task, they were 

asked to report on a scale of 1 (“not difficult at all”) to 4 (“extremely difficult”), how challenging 

they found the Stroop task. The total time that it took to complete the computerized tasks 

following the questionnaires was approximately 11 minutes. 

Results 

  BIS/BAS 

Similar to past research (e.g., Gable & Harmon-Jones, 2008; Spielberg et al., 2012), BAS 

scores were used as self-reported indicators of individuals’ approach motivation. Table 1 shows 

the means, standard deviations and correlations of BIS, BAS total and BAS subscales for the 

recruited sample. As expected, all of the three BAS subscales were significantly intercorrelated, 

rs > .36, and BIS and BAS-Total were not significantly related. Furthermore, internal Cronbach’s 

alpha values for BAS (α = .71) and BIS (α = .80) were acceptable. The means and standard 

deviations were comparable to previous research (e.g., Carver & White, 1994, Harmon-Jones & 

Allen, 1997), and these values show a good range of self-reported approach motivation by 

individuals within our sample.  

  Previous studies (e.g., Crowell et al., 2014; Schmeichel et al., 2016) have examined 

approach-motivated tendencies by separating participants into high and low BAS groups. 

Therefore, in the current study, interactions between self-control, BAS and attentional breadth 

were examined by splitting participants into high and low BAS groups and performing ANOVAs. 

Participants were first grouped based on their total BAS scores into either the low BAS group (M 

= 34.86, SD = 3.49) or the high BAS group (M = 42.32, SD = 3.00) by using a median split 
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procedure (median = 39).  

 

Table 1  

Correlations (N = 63) between BIS, BAS, and BAS subscales 

Table 1. Correlations between BIS, BAS, and BAS subscales in Experiment 1 

          Mean (SD) 1 2 3 4 5 

1. BIS 22.26 (4.04) 
     

2. BAS-Reward 16.73 (2.46)  .12 
    

3. BAS-Drive 10.68 (1.80)  .03  .42** 
   

4. BAS- Fun Seeking 11.31 (2.29) -.41**  .19  .37** 
  

5. BAS- Total 38.73 (4.84) -.13  .75**  .76**  .71** 
 

 BIS = Behavioural Inhibition System, BAS = Behavioural Activation System, ** p < .01 

 

Stroop Colour Task 

All correct Stroop response times (RTs) were extracted (Mreject = 3.66%, SDreject = 

2.97%). One participant’s RTs for both the Stroop and Navon tasks were not included, due to the 

absence of any correct Stroop trials, suggesting they did not complete the manipulation as 

instructed. Since their data could not be used to answer the research question in the current study 

(i.e., whether completing the Stroop influenced attentional breadth), their data were not included 

in subsequent analyses. Remaining RTs (N = 62) were subjected to a two-stage recursive outlier 

elimination procedure where RTs were removed if they were greater or less than 2 standard 

deviations from the mean for each participant (Mreject = 7.91%, SDreject = 4.35%). 

 Participants in the incongruent Stroop condition took significantly longer to complete 

trials (M = 775ms, SD = 180ms) compared to participants in the congruent Stroop condition (M = 

606ms, SD = 137ms), t(60) = 4.15, p < .001, d = 1.05. Participants in the incongruent condition 

were also less accurate (M = 95.93%, SD = 3.65%) than participants in the congruent condition 
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(M = 96.86%, SD = 2.01%), although this difference was not significant, t(46.64) = 1.24, p = .22, 

d =.32. As well, individuals in the incongruent condition rated the Stroop task as significantly 

more difficult (M = 2.65, SD = .80) than participants in the congruent condition (M = 2.06, SD = 

.93), t(60) = 2.64, p = .01, d = .68. As expected, participants assigned to the high self-control 

condition performed worse and reported greater difficulty when completing the Stroop task 

relative to participants assigned to the low self-control condition.  

Navon Letter Task.  

All correct global/local RTs that were less than 2000ms were extracted (Mreject = 2.50%, 

SDreject = 2.93%). These were subjected to a two-stage recursive outlier elimination procedure 

where RTs were removed if they were greater or less than 2 standard deviations from the mean 

for each combination of participant, level (global, local) and time (pre Stroop, post Stroop) 

(Mreject = 7.71%, SDreject = 2.03%). Then, local and global RTs that were greater or less than 3 

SD away from the sample mean for each combination of level and time were excluded from 

analysis: pre-Stroop Navon RTs for one participant were excluded, post-Stroop Navon RTs for 

another participant were excluded, and both pre-Stroop and post-Stroop Navon RTs for two other 

participants were excluded. 

  Overall, participants were not biased toward either the local or global levels. RTs for local 

trials pre-Stroop (M = 742ms, SD =129ms) did not significantly differ from RTs for global trials 

pre-Stroop (M = 754ms, SD =145ms), t(58) = .99, p = .33. As well, RTs for local trials post-

Stroop (M = 636ms, SD =93ms) did not significantly differ from RTs for global trials post-Stroop 

(M = 625ms, SD =95ms), t(58) = .99, p = .33. Similar to previous research, a difference score 

was calculated from local RT and global RT to represent attentional breadth (e.g., Juergensen & 
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Demaree, 2015)5. Individuals’ attentional breadth, for both pre- and post-Stroop, were calculated 

by subtracting their average RT for global stimuli from the average RT for local stimuli (local RT 

– global RT), whereby greater positive values represented a bias to attend to the stimuli at the 

broad global level and negative values represented more of a bias to attend to the stimuli at the 

more focused local level (see Table 2). This was completed for participants that had both pre-

Stroop and post-Stroop data (N = 58). There were large and consistent individual differences in 

attentional breadth. There was a significant positive relationship between attentional breadth 

before Stroop and after Stroop, which is consistent with previous research (e.g., Dale & Arnell, 

2014) suggesting that there are reliable individual differences in global/local processing, r = .48, 

p < .001 (see Figure 2). 

 

Table 2 

 

Descriptive statistics for attentional breadth measures (ms) pre- and post- Stroop, as well as the 

change in attentional breadth from pre- to post- Stroop (N = 58). 

 
 Mean SD Minimum Maximum 

Pre- Stroop -12  96 -270  278 

Post- Stroop  14  81 -173  196 

Change  25  92 -130  259 

Table 2. Descriptive statistics for attentional breadth measures in Experiment 1 

 

 

 

                                                 

 

5 Although a difference score was used for analyses, standardized residuals (local RTs controlling 

for global RTs and global RTs controlling for local RTs) could also have been used for analyses instead 

of difference scores. Indeed, the standardized residuals were correlated with the difference scores .88 for 

the pre-Stroop attentional breadth measure, .89 for the post-Stroop attentional breadth measure, and r 

= .78, p < .001 for the pre- to post-Stroop change in attentional breadth. Findings from this Experiment 

remained the same when using either difference scores or standardized residuals as dependent measures, 

with the exception that the self-control x approach motivation x time interaction was marginally 

significant, p = .08, when using global RTs controlling for local RTs.  
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Figure 2. Scatterplot depicting the relationship between individuals’ pre-Stroop and post-Stroop 

attentional breadth (local RT – global RT). Negative values reflect greater local focus while 

positive values reflect greater global focus. Figure 2. Scatterplot depicting the relationship 

between individuals’ pre-Stroop and post-Stroop attentional breadth in Experiment 1  

 

 

  Attentional breadth change values were calculated as post-Stroop attentional breadth 

minus pre-Stroop attentional breadth, such that values greater than 0 represented broader 

attention following Stroop, and values less than 0 represented more narrowed attention following 

Stroop, relative to baseline (i.e., pre-Stoop). 

  Mean Differences Analyses  To investigate whether individual differences in naturally 

occurring approach motivation moderated individuals’ attentional breadth (i.e., local RT – global 

RT), before and after completing a low or high self-control task, a 2 (low vs. high BAS group) x 

2 (pre-Stroop vs. post-Stroop time) x 2 (low self-control Stroop vs. high self-control Stroop) 
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mixed-factors ANOVA was performed6. See Figure 3 for these means. There was a significant 

main effect of time such that participants became significantly more globally-biased overall 

across time, F(1,54) = 6.06, p = .02, η2 = .10. There was no significant main effect found for 

approach motivation, F(1,54) = .99, p = .32, η2 = .02, or self-control condition, F(1,54) < .001, p 

> .99, η2 < .001, and all of the two-way interactions were nonsignificant, ps > .30. As 

hypothesized, there was a significant three-way interaction between individuals’ approach 

motivation, the self-control condition, and time, F(1,54) = 4.26, p = .04, η2 = .07. Changes in 

attentional breadth reflected the combination of individuals’ approach-motivated tendencies as 

                                                 

 

6Using the attentional breadth difference score as the dependent variable in the present analysis 

removed the need for the additional factor reflecting whether the target was presented at the global or 

local level. When a 4-factor ANOVA was performed on Navon RTs with these 3 factors and global-local 

target levels as factors, a significant 4-way interaction was obtained, F(1,54) = 4.26, p = .04, η2 = .07, that 

necessarily has the same p-value as the 3-way interaction shown here. The 3-factor analysis is preferred 

here though as the key effects are more readily interpretable with fewer factors. 
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well as whether they completed the self-control condition or the control condition (see Figure 3 

and Figure 4). 

Figure 3. Average attentional breadth for Navon stimuli as a function of individuals’ BAS group, the 

Stroop condition and whether the stimuli were presented before or after completing Stroop in Experiment 

1 

 

 Figure 3. Average attentional breadth (local RT – global RT) for Navon stimuli as a function of 

individuals’ BAS group, the Stroop condition and whether the stimuli were presented before or 

after completing Stroop. Negative values reflect greater local focus while positive values reflect 

greater global focus Error bars represent +/- 1 standard error of the mean (SEM).  

 

To determine whether attentional breadth changed for high and low BAS groups when 

completing the control (congruent Stroop) condition, a 2 (high versus low BAS) x 2 (pre versus 

post) mixed-factors ANOVA was conducted. Again, there was a significant main effect of time, 

F(1,28) = 5.10, p = .03, η2 = .15,  where attention became more broad over time. Individuals’ 

approach motivation did not influence attentional breadth and there was no interaction found 

between BAS and time, p’s > .5, for individuals in the control condition.  
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Figure 4.  Average change in attentional breadth as a function of BAS group by Stroop condition in 

Experiment 1 

 

Figure 4. Average change in attentional breadth as a function of BAS group by Stroop condition. 

Change in attentional breadth was calculated by subtracting pre-Stroop attentional breadth from 

post-Stroop attentional breadth. Positive values for the change in attentional breadth represent 

more global-biased attention after Stroop relative to pre-Stroop whereas negative values 

represent more local-biased attention after Stroop relative to pre-Stroop. Error bars represent +/- 

1 SEM. 

 

The same ANOVA was conducted for individuals that completed the high self-control 

(incongruent Stroop) condition. While the main effects for both BAS and time did not 

significantly influence attentional breadth, p’s > .26, there was a significant interaction between 

BAS and time on attentional breadth for individuals that completed the self-control condition, 

F(1,26) = 6.31, p = .02, η2 = .20, where the effect of time was opposite for those with low and 

high BAS scores (see Figure 3 and Figure 4).  

  Pairwise t-tests were conducted to examine whether attentional breadth differed from pre- 

to post-Stroop for both the high and low BAS groups in the incongruent Stroop condition. 

Neither test was found to be significant, although there was a trend toward significance for the 

low BAS group in that their attention was less narrow after incongruent Stroop (M = 9, SD = 81) 
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relative to before (M = -44, SD = 72), t(10) = 1.94, p = .08, d =.59. Attention for individuals in 

the high BAS group was not significantly different after incongruent Stroop (M = 6, SD = 79) 

compared to before incongruent Stroop (M = 26, SD = 95), t(16) = 1.28, p = .22, d =.31.  

Relationships with Attentional Breadth 

One concern with these t-tests is that there were small groups of participants (about 15 of 

each BAS level in the incongruent condition) and thus there was low power to find effects.  

Since BAS is a continuous measure of approach motivation, an alternative, and more powerful, 

method was to look at whether the changes in attentional breadth between pre- and post-Stroop 

related to individual differences in approach motivation as a continuous measure. Similar to 

ANOVA results above, when Stroop condition (congruent or incongruent), BAS, and their 

interaction were entered into a simultaneous regression to predict changes in attentional breadth, 

a significant interaction was observed, t(57) = 2.36, p = .02, showing that BAS had different 

relationships with changes in attentional breadth in the two Stroop conditions. 

 

 Table 3 

Correlations between BAS, BAS subscales, BIS and attentional breadth for individuals in  

the high self-control (Incongruent Stroop) condition (N = 28) 
Table 3. Correlations between BAS, BAS subscales, BIS and attentional breadth for individuals in the 

high self-control condition in Experiment 1 

 BAS BAS-Drive BAS-FS BAS-Reward BIS 

1. Pre- Stroop  .24   .03  .26   .21 -.13 

2. Post-Stroop -.24  -.26  .06  -.36 -.04 

3. Change -.50**  -.28 -.24  -.58**  .10 

BAS = Behavioural Activation System, BIS = Behavioural Inhibition System, FS = Fun Seeking, ** p < .01 

 

 The correlations between individuals’ BAS scores, attentional breadth pre-Stroop and 

post-Stroop and the change in attentional breadth were examined for participants in the 
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incongruent (high self-control) Stroop condition (see Table 3, and Figure 5). Attentional breadth 

both before and after, completing incongruent Stroop was not significantly related to individuals’ 

BAS scores, ps > .06. However, there was a significant relationship between the change in 

attentional breadth and individuals’ total BAS scores, r = -.50, p = .01 where greater BAS scores 

were associated with greater narrowing of attention from pre- to post-Stroop. Also, there was a 

significant negative relationship between individuals’ scores on the BAS-R subscale and their 

change in attentional breadth, r = -.58, p < .001. Relationships between BAS-D, BAS-F and the 

change in attentional breadth were all in the predicted directions, but were nonsignificant, p = .15 

and p = .22 respectively. 

Figure 5. Scatterplot of changes in attentional breadth as a function of individuals’ BAS and the Stroop 

condition in Experiment 1. 

   

 Figure 5. Average change in attentional breadth (post-Stroop attentional breadth – pre-Stroop 

attentional breadth) for Navon stimuli as a function of individuals’ BAS total scores and the 

Stroop condition. Positive values for the change in attentional breadth represent more global-

biased attention after Stroop relative to pre-Stroop whereas negative values represent more local-

biased attention after Stroop relative to before Stroop. 
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  The correlations between individuals’ BAS scores, their attentional breadth both pre- and 

post- congruent Stroop, and their change in attentional breath between the pre- and post- scores 

were examined for participants in the congruent Stroop condition (see Table 4, and Figure 5). In 

this low self-control Stroop condition, BAS and BAS subscales did not significantly relate to any 

of the attentional breadth measures, ps > .41. 

 

Table 4 

 Correlations between BAS, BAS subscales, BIS and attentional breadth for individuals in the 

low self-control (Congruent Stroop) condition (N = 30) Table 4. Correlations between BAS, BAS 

subscales, BIS and attentional breadth for individuals in the low self-control condition in Experiment 1 

 BAS BAS-Drive BAS-Fun BAS-Reward BIS 

1. Pre- Stroop -.04 -.04 -.04 -.01 -.01 

2. Post-Stroop  .12  .11  .05  .11  .22 

3. Change  .16  .14  .08  .13  .20 

BAS = Behavioural Activation System, BIS = Behavioural Inhibition System, FS = Fun Seeking 

 

 Difficulty Completing Stroop 

  The degree to which individuals found the Stroop task to be difficult may have influenced 

their attentional breadth, especially if they were completing the incongruent Stroop condition 

where greater difficulty likely represented the need for, or use of, greater self-control. Indeed, 

when Stroop condition (congruent or incongruent), subjective ratings of Stroop difficulty, and 

their interaction were entered into a simultaneous regression to predict changes in attentional 

breadth, a significant interaction was observed, t(57) = 2.36, p = .02, showing that difficulty 

ratings had different relationships with attentional breadth changes in the two Stroop conditions.       

When subjective reports of Stroop task difficulty were correlated with changes in attentional 
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breadth in the incongruent Stroop condition, there was a significant relationship where greater 

difficulty completing the task was associated with a narrowing of attention, r = -.42, p = .03 (see 

Figure 6a). There was also a significant relationship between longer Stroop RTs and a narrowing 

of attention, r = -.41, p = .03 (see Figure 6b). When a composite measure of Stroop difficulty 

was made by averaging the z-scores for both Stroop RTs and Stroop difficulty ratings, and this 

was used to predict changes in attentional breadth, a significant relationship was observed where 

greater difficulty predicted more narrowing of attention, r = -.49, p = .01. This relationship was 

significant even when controlling for BAS scores, partial r = -.43, p = .01. Indeed, none of these 

Stroop measures were significantly related to BAS or BAS subscales, ps > .21. Together, these 

results suggest that greater difficulty in completing the incongruent Stroop task may be 

associated with narrowed attention post-Stroop relative to pre-Stroop.  In contrast, in the 

congruent Stroop condition, neither self-reported difficulty of the Stroop, nor Stroop RTs, were 

significant predictors of changes in attentional breadth, r = .21, p > .27, and, r = .16, p > .41 

respectively (see Figures 6a and 6b). Furthermore, the composite measure of Stroop difficulty, 

made by averaging the z-scores for both measures, also did not significantly predict changes in 

attentional breadth, r = .25, p > .19, even when controlling for BAS scores. 
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 Figure 6. Scatterplots depicting average change in attentional breadth as a function of individuals’ 

difficulty rating and Stroop RTs in Experiment 1 

 
 Figure 6. Scatterplots depicting average change in attentional breadth (post-Stroop attentional 

breadth – pre-Stroop attentional breadth) for Navon stimuli as a function of a) individuals’ 

difficulty rating for the Stroop task and Stroop condition, b) individuals’ Stroop RTs and Stroop 

condition. Positive values for the change in attentional breadth represent more global-biased 

attention after Stroop relative to pre-Stroop whereas negative values represent more local-biased 

attention after Stroop relative to pre-Stroop. 

 

Discussion 

 The results from Experiment 1 supported the hypothesis that exercising self-control can 

influence attentional breadth differently depending on self-reported approach motivation. A 

relationship was found between BAS and the change in attentional breadth in that more narrowed 

focus following a task requiring self-control, relative to baseline, was positively associated with 

individuals’ greater self-reported approach-motivated tendencies in everyday life. Furthermore, 

individuals who found the self-control Stroop task more challenging, based on self-report and 

task RTs, showed the most attentional narrowing. This pattern is consistent with previous 

research that has shown increased relative left frontal activity after exercising self-control for 

participants reporting higher levels of approach motivation (Schmeichel et al., 2016), as greater 

left frontal activity has been associated with greater local focus, and thus the increased relative 

left frontal activity after exercising self-control may relate to greater narrowed attention. The 

a

. 

b

. 
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pattern is also consistent with Crowell et al. (2014), in that, only after exerting self-control, did 

BAS scores modulate attentional breadth. However, contrary to Crowell et al. (2014) who 

reported increased attentional breadth for high BAS individuals after a self-control task, here 

higher BAS scores were associated with decreased attentional breadth after a self-control task. 

Experiment 2   

  Experiment 2 was a replication of the high self-control (incongruent Stroop) condition of 

Experiment 1 with added EEG measures. Resting and pre-Navon trial measures of frontal alpha 

asymmetry were taken to test whether frontal alpha asymmetry following the exertion of self-

control could account for the change in attentional breadth following the self-control 

manipulation, especially for high BAS participants. Based on findings in previous research (i.e., 

Schmeichel et al., 2016), and the process model of self-control (Inzlicht & Schmeichel, 2012; 

Inzlicht et al., 2014), I  hypothesized that exercising self-control would increase relative left 

frontal activity for individuals with high BAS, and that the influence on frontal asymmetry could 

underlie the change in attentional breadth. Indeed, results from Experiment 1 suggest a 

relationship where greater BAS predicted narrower attention, potentially via greater left activity 

following the exertion of self-control.  

  In Experiment 2, I sought to replicate the results from Experiment 1 such that high BAS 

individuals’ attention would become more narrow while low BAS individuals’ attention would 

become more broad after exercising self-control. Also, I predicted that greater difficulty 

completing the self-control task would result in narrower attentional breadth. Further, greater left 

RFAA could relate to greater BAS which is consistent with some findings (Coan & Allen, 

2003;Harmon-Jones & Allen, 1997), but not with others (Neal & Gable, 2017; Schmeichel et al. 

2016). Since most of the evidence suggests that greater left frontal activity relates to narrowed 
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attentional breadth (e.g., Harmon-Jones & Gable, 2009), it is therefore hypothesized that left 

relative frontal cortical activation should increase for high BAS individuals, but decrease in low 

BAS individuals if it underlies the change in attentional breadth. To test this, frontal asymmetry 

was measured both before (pre FAA) and after (post FAA), completing Stroop to determine 

whether these measures and the pre-post change in FAA differed depending on individuals’ 

BAS. Finding a relationship between frontal asymmetry and the change in attentional breadth 

would support the hypothesis that change in attentional breadth after self-control is, at least 

partly, due to frontal activity as a function of individual differences in BAS.  

Methods 

Participants  

  The participants were 71 Brock University undergraduate students recruited through an 

online participant recruiting system. They all received partial course credit for their participation 

in the experiment. All participants reported having proficient written English, normal or 

corrected-to-normal vision, and no history of neurological or cardiac conditions. Participants 

were all right-handed, able to discriminate colours, and were not taking psychoactive 

medications. Behavioural results were available for 63 participants: 9 males and 54 females. 

These participants ranged in age from 18 to 48 years with a mean age of 20.71 years (SD = 6.02). 

Behavioural results from 8 participants were not included due to the following reasons: chance 

accuracy on at least one of the cognitive tasks (2), average Stroop RTs greater than 3SD above 

the sample mean (3), incomplete questionnaire data (2), and attentional breadth score that was 

greater than 3 SD from the sample mean (1).  The EEG data from 11 participants were not 

included due to the following reasons: incomplete data collection due to computer error (7), the 

inability to acquire EEG signals with appropriate impedance levels (4). Therefore, of the total 
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sample, both behavioural and EEG data were available for 56 participants: 8 males and 48 

females. Ages for these participants ranged from 18 to 48 (M = 20.80, SD = 6.23). 

Measures  

  The BIS/BAS questionnaire, the Navon Letter task and Stroop Colour task were identical 

to Experiment 1 with the exception that there was no congruent Stroop (control) condition 

implemented in Experiment 2. Recall that the results from Experiment 1 showed an association 

between BAS and changes in attentional breadth after self-control, (the incongruent Stroop 

condition), but not after the control (congruent Stroop) condition. Therefore, only the 

incongruent Stroop condition was included in Experiment 2 so that the relationship between 

frontal asymmetry, BAS and changes in attentional breadth could be explored in the condition of 

interest with increased power.   

EEG Acquisition and Preprocessing.  EEG was recorded continuously using 29 tin 

electrodes embedded in an Electro-cap © (Electro-cap International Inc., Eaton, Ohio) 

distributed according to the international 10-20 system. An electrode placed anterior to Fz was 

used as ground, while linked left and right earlobes were used as a reference. EEG data was 

amplified and acquired using a 32-channel NeuroScan SynAmps and Neuroscan acquisition 

software (Compumedics USA, Charlotte, North Carolina) installed on a Dell desktop pc. EEG 

data was sampled online at a rate of 500 Hz. Electrooculogram (EOG) electrodes were placed on 

the outer canthus of each eye and on the infra- and supra-orbital regions of each eye to record 

horizontal and vertical eye movements, respectively. Impedance for all EEG channels was 

maintained below 15 kohms for all sites, but maintained below 5 kohms for frontal sites of 

interest.  

  EEG data were analyzed offline using EEGLAB v14.1.1b (Delorme & Makeig, 2004) 
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and custom routines written in MATLAB R2017a (The Mathworks, Natick, MA). The data were 

band-pass filtered with the default EEGLAB filter (pop_eegfiltnew) excluding activity below 0.1 

Hz and above 60 Hz and the default filter order (i.e., 2 Hz transition bandwidth). Artifacts (i.e., 

signals due to muscle movement, eye movements and eye blinks) were manually removed using 

visual inspection and rejected from analysis. All activity +/- 100 microvolts in the vertical 

electrooculogram and horizontal electrooculogram was also rejected from analysis.

 Resting EEG Analysis. EEG alpha asymmetry measures were gathered using eight 60-

second resting blocks that alternated between eyes open (EO) and eyes closed (EC) (i.e., either in 

one of the following orders: COOCOCCO or OCCOCOOC7). Participants were instructed to sit 

in the chair and try to relax as much as possible. They were asked to try not to move their body 

or eyes too much, and to look ahead at the screen whenever they were instructed to keep their 

eyes open. A tone signaled the end of each block. The EEG alpha asymmetry measures were 

calculated following recommended standard procedures (Allen et al., 2004). Eyes closed (EC) 

and eyes open (EO) data were separately epoched into 1.024 second segments extracted through 

a hamming window where consecutive epochs overlapped by 50%. An average of 170.23 epochs 

(SD = 102.20) comprised the eyes-open data, and an average of 289.35 epochs (SD = 111.44) 

comprised the eyes-closed data. The number of accepted epochs did not relate to any BAS, all ps 

> .45, or attentional measures, ps > .81. Alpha power density (V2/Hz; 8-13 Hz) in each epoch 

was extracted using the pwelch() function and averaged across epochs of the same condition 

(i.e., EC and EO) separately for sites F3, F4, F7, F8 (i.e., frontal electrode sites often used for 

calculating frontal asymmetry). Power values were log-transformed to obtain normalized values. 

                                                 

 

7 An independent samples t-test determined that the order of these blocks did not significantly 

influence Resting FAA, t(44) = .07, p > .79. 
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Frontal alpha asymmetry reflected a difference in activity within the left and right areas; in 

essence, activity between the right (F4, F8) and left frontal electrodes (F3, F7). Creating an index 

of differential cortical activity by two sites on contralateral areas of the scalp (e.g., left and right 

of the midline) is done by subtracting the log-transformed power in the alpha band of the left 

sites from the right sites. Since greater alpha power is assumed to relate to inverse cortical 

activity (Allen et al., 2004), a greater value represented greater alpha activity in the right side and 

thus lesser cortical activity in the right side relative to the left. In essence, positive values 

represented greater left frontal cortical activity while negative values represented greater right 

frontal cortical activity. A medial frontal alpha asymmetrical index (log F4 – log F3) and a lateral 

alpha asymmetrical index (log F8 – log F7) were determined for both EO and EC conditions, and 

then these values were averaged within conditions8. Finally, a resting frontal alpha asymmetry 

(RFAA) score for each participant was determined by averaging their asymmetrical indices for 

the EO and EC data. 

  Pre-Stimulus EEG Analysis.  Recall that each Navon letter was centrally presented until 

a response was made, and was preceded by a fixation cross for 500ms and a blank screen for 

1000ms. Epochs from -1024ms prior to onset of Navon letter stimuli were created to ensure 

consistent epoch length for both resting and task measures. An average of 55.15 seconds (SD = 

11.22s) of data were available for pre-Stroop analysis while an average of 52.74 seconds (SD = 

12.00s) of data were available for post-Stroop analysis. Spectral analysis using the pwelch() 

                                                 

 

8 All asymmetry indices for EO data were highly correlated with asymmetry indices for EC data, 

rs > .79. Due to the strong relationships between asymmetrical measures of EO, EC data, as well due to 

past findings suggesting that averaging asymmetry indices between EO and EC blocks produces better 

measures overall (Tomarken et al., 1992), subsequent analyses were then performed using data collapsed 

across EO and EC blocks. The findings did not differ when using only EO or EC data. 
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function was conducted in MATLAB (The Mathworks, Inc.) using the EEGLAB toolbox 

(Delorme & Makeig, 2004).  A hamming window with a window size consisting of 512 data 

points (i.e., 1.024 seconds) and 50% overlap allowed for the extraction of average alpha power 

density at the frontal sites (F3, F4, F7, F8) separately for Navon letter stimuli presented pre- and 

post-Stroop manipulation. Similar to resting EEG analysis, a medial frontal asymmetrical index 

(log F4 – log F3) and a lateral frontal asymmetrical index (log F8 – log F7) were averaged 

together to create an overall frontal alpha asymmetry score. This resulted in two overall frontal 

alpha asymmetry scores: one for trials before the Stroop manipulation (pre FAA) and one for 

trials after the Stroop manipulation (post FAA).  

     Procedure   

All questionnaire items, Stroop, and Navon stimuli, were presented on a 17-inch CRT 

monitor and controlled by E-prime software running on a Dell desktop computer. Responses 

were made using the computer keyboard or mouse while participants viewed the screen 

unrestrained from approximately 60 centimeters. Responses were timed using E-Prime software 

(Psychology Software Tools, Pittsburgh). All participants completed the questionnaires and 

performed the tasks alone in a separate sound-and light-attenuated chamber. After providing 

informed written consent (see Appendix D), participants received verbal instructions for 

completing the questionnaires. Pop-up windows for the questionnaires were placed in a vertical 

line from the top of the screen to the bottom of the screen, and participants were instructed to 

click on the “ok” button to begin each questionnaire9. After participants completed the 

                                                 

 

9 Participants also completed the Circumplex Affect Scale, Barrett’s Impulsivity Scale, the Affect 

Grid, NEO-PI-R, State Trait Anxiety Inventory and the Self-Control Scale, although results from these 

measures are tangential to the thesis questions and will not be reported here. 
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questionnaires, the cap and electrodes were placed and prepared. Once the preparation of the 

electrodes was complete, which took about 30-40 minutes, resting EEG was recorded as above, 

taking approximately 8 minutes. The experimenter then verbally explained the Navon Letter task 

and watched the eight practice trials to ensure that the participant understood the instructions. 

Participants then took approximately 3 minutes to complete the first 64 trials of the Navon Letter 

task. Immediately after the Navon Letter task, the experimenter then verbally explained the 

incongruent Stroop task. The participant then completed the Stroop task for 5 minutes regardless 

of how many trials they had completed. They were then instructed on the screen to continue 

immediately to the third task, which was the second block of the Navon Letter task. After 

completing the second block of the Navon letter task, they were asked to report on a scale of 1 

(“not difficult at all”) to 4 (“extremely difficult”), how challenging they found the Stroop task. 

The total time that it took to complete the computerized tasks following the questionnaires was 

approximately 11 minutes. The electrode cap was then removed and the participants were 

debriefed and compensated.  

Results  

BIS/BAS 

  Table 5 shows the means, standard deviations and correlations of BIS, BAS total and 

BAS subscales for the recruited sample. As expected, all of the three BAS subscales were 

significantly intercorrelated, rs > .30, and BIS and BAS-Total were not significantly related. 

Furthermore, internal Cronbach’s alpha values for BAS (α = .80) and BIS (α = .79) were 

acceptable. The distributions show a good range of self-reported approach motivation by 

individuals within the sample. 

  Participants were grouped based on their total BAS scores into either the low BAS group 
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(M = 35.80, SD = 3.35) or the high BAS group (M = 44.38, SD = 2.62) by using a median split 

procedure (median = 40)10.  

 

Table 5 

Correlations (N = 63) between BIS, BAS, and BAS subscales  

Table 5. Correlations between BIS, BAS, and BAS subscales in Experiment 2 

          Mean (SD) 1 2 3 4 5 

1. BIS 21.69 (4.06) 
     

2. BAS-Reward 17.69 (1.83)  .02 
    

3. BAS-Drive 10.72 (1.95) -.22  .30* 
   

4. BAS- Fun Seeking 11.52 (2.23) -.30*  .50**  .52** 
  

5. BAS- Total 39.91 (4.78) -.23  .74**  .77**  .87** 
 

 BIS = Behavioural Inhibition System, BAS = Behavioural Activation System, * p < .05, ** p < .01 

 

Stroop Colour Task 

All correct Stroop response times RTs were extracted (Mreject = 3.76%, SDreject = 

3.16%). RTs were subjected to a two-stage recursive outlier elimination procedure where RTs 

were removed if they were greater or less than 2 standard deviations from the mean for each 

participant (Mreject = 8.41%, SDreject = 1.98%). Participants appeared to perform the task as 

instructed as mean accuracy on the Stroop task was 96.25% with a mean RT of 764ms, SD = 

132.31). Clear individual differences were also observed in the distributions of Stroop RTs and 

Stroop difficulty ratings. 

                                                 

 

10 In this experiment, 9 participants could not be sorted into either group due to having total BAS 

scores equal to the median. In separate analyses, BAS scores were converted to z-scores and participants 

were sorted into the high group or low BAS group based on whether their scores were above or below 0, 

respectively. All main findings remained the same when comparing groups based on the mean instead of 

the median.  
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Navon Letter Task. 

All correct global/local response times (RTs) that were less than 2000ms were extracted 

(Mreject = 2.68%, SDreject = 2.45%). These were subjected to a two-stage recursive outlier 

elimination procedure where RTs were removed if they were greater or less than 2 standard 

deviations from the mean for each combination of participant, level (global, local) and time (pre 

Stroop, post Stroop) (Mreject = 8.57%, SDreject = 1.78%).  Overall, participants were biased 

toward the global level in this experiment. RTs for local trials pre-Stroop (M = 732ms, SD = 

135ms) were significantly slower relative to RTs for global trials pre-Stroop (M = 701ms, SD = 

137ms), t(62) = 2.49, p = .02. As well, RTs for local trials post-Stroop (M = 647ms, SD = 122ms) 

were significantly slower relative to RTs for global trials pre-Stroop (M = 619ms, SD = 115ms), 

t(62) = 2.78, p < .01. Individuals’ attentional breadth, for both pre- and post-Stroop, were 

calculated by subtracting their average RT for global stimuli from the average RT for local 

stimuli (local RT – global RT), whereby greater positive values represented a bias to attend to the 

stimuli at the broad global level and negative values represented more of a bias to attend to the 

stimuli at the more focused local level (see Table 6). There were large and consistent individual 

differences in attentional breadth. Furthermore, there was a significant positive relationship 

between attentional breadth before Stroop and after Stroop, r = .59, p < .001 (see Figure 7). 
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Table 6 

Descriptive statistics for attentional breadth measures (ms) pre- and post- Stroop, as well as the 

change in attentional breadth from pre- to post- Stroop, all measured in ms (N = 63).Table  

 Mean SD Minimum Maximum 

Pre- Stroop 31  98 -196  288 

Post-Stroop 28  80 -151  215 

Change  -3  82 -202  154 

6. Descriptive statistics for attentional breadth measures in Experiment 2 

Figure 7. Scatterplot depicting the relationship between individuals’ pre-Stroop and post-Stroop 

attentional breadth in Experiment 2 

   
 Figure 7. Scatterplot depicting the relationship between individuals’ pre-Stroop and post-Stroop 

attentional breadth (local RT – global RT). Negative values reflect greater local focus while 

positive values reflect greater global focus. 

 

     

  Attentional breadth change values were calculated as post-Stroop attentional breadth 

minus pre-Stroop attentional breadth, such that values greater than 0 represented broader 
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attention following Stroop, and values less than 0 represented more narrowed attention following 

Stroop, relative to baseline (i.e., pre-Stoop).   

Mean Differences Analyses   

To investigate whether individual differences in naturally-occurring approach motivation 

moderated individuals’ attentional breadth (i.e., local RT – global RT), before and after 

completing a high self-control task, a 2 (low vs. high BAS group) x 2 (pre-Stroop vs. post-Stroop 

time) mixed-factors ANOVA was performed11. See Figure 8 for these means. The pattern of 

results replicated those of Experiment 1. There was a significant interaction of approach 

motivation and pre versus post Stroop on attentional breadth for individuals that exercised self-

control, F(1,52) = 5.67, p = .02, η2 = .10, where the effect of time was opposite for those with 

low and high BAS scores. There was no significant main effect found for approach motivation, 

F(1,52) = 2.95, p = .09, η2 = .05, or time, F(1,52) = .31, p =.60, η2 < .01. 

 

                                                 

 

11 Using the attentional breadth difference score as the dependent variable in the present analysis removed 

the need for the additional factor reflecting whether the target was presented at the global or local level. 

When a 3-factor ANOVA was performed on Navon RTs with these 2 factors and global-local target levels 

as factors, a significant 3-way interaction was obtained, F(1,52) = 5.67, p = .02, η2 = .10, that necessarily 

has the same p-value as the 2-way interaction shown here. The 2-factor analysis is preferred here though 

as the key effects are more readily interpretable with fewer factors. 
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  Figure 8. Average attentional breadth as a function of individuals’ BAS group and whether the stimuli 

were presented before or after completing Stroop in Experiment 2 

  

Figure 8. Average attentional breadth (local RT – global RT) for Navon stimuli as a function of 

individuals’ BAS group and whether the stimuli were presented before or after completing 

Stroop. Negative values reflect greater local focus while positive values reflect greater global 

focus. Error bars represent +/- 1 SEM.  

 

   

  Pairwise t-tests were conducted to examine whether attentional breadth differed from pre- 

to post-Stroop separately for both the high and low BAS groups. There was a trend toward 

significance for the high BAS group in that their attention was more narrow after incongruent 

Stroop relative to before, t(23) = 1.78, p = .09, d =.38. Attention for individuals in the low BAS 

group was not significantly different after incongruent Stroop, t(29) = 1.51, p = .14, d =.0.30. 

Independent sample t-tests showed no significant difference in attentional breadth for low and 

high BAS groups before they performed the Stroop task, t(52) = .39, p = .70, d = 0.11, but the 

low BAS participants showed significantly greater attentional breadth than the high BAS 

participants after performing the Stroop task, t(52) = 3.14, p < .01, d = 0.86. 

   Relationships with Attentional Breadth The correlations between individuals’ BAS 

scores, attentional breadth pre-Stroop and post-Stroop, and the change in attentional breadth 
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were examined (see Table 7, and Figure 9)12. 

 

 Table 7 

 

 Correlations between BAS, BAS subscales, BIS and attentional breadth for individuals in the 

high self-control (Incongruent Stroop) condition (N = 63) Table 7.Correlations between BAS, BAS 

subscales, BIS and attentional breadth in Experiment 2

 BAS BAS-Drive BAS-FS BAS-Reward BIS  

1. Pre- Stroop -.01 -.12  .15 -.08  .09  

2. Post-Stroop -.18 -.24 -.02 -.18  .08  

3. Change -.16 -.09 -.20 -.10 -.03  

BAS = Behavioural Activation System, BIS = Behavioural Inhibition System, FS = Fun Seeking 

 

 Attentional breadth both before and after, completing incongruent Stroop was not 

significantly related to individuals’ BAS scores, ps > .15, although there was a trending 

relationship between BAS-D and post-Stroop attentional breadth in that high BAS-D was 

associated with more narrow attention, r = -.24, p = .06. There was no significant relationship 

between the change in attentional breadth and individuals’ total BAS scores, r = -.16, p = .20, 

although the relationship was in the predicted direction. Relationships between the BAS subscale 

measures and the change in attentional breadth were all in the predicted directions, but were 

nonsignificant, ps > .12.  

                                                 

 

12 Although difference scores were used for analyses, standardized residuals could have been used 

for analyses instead of difference scores. Indeed, the standardized residuals when predicting post-Stroop 

attentional breadth from pre-Stroop attentional breadth were significantly related to the difference scores, 

r = .79, p < .001. Findings from this Experiment remained the same when using either difference scores 

or standardized residuals (i.e., either local RTs controlling for global RTs or vice-versa) as dependent 

measures. 
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Figure 9. Average change in attentional breadth as a function of individuals’ BAS scores in Experiment 2 

   

 Figure 9. Average change in attentional breadth (post-Stroop attentional breadth – pre-Stroop 

attentional breadth) for Navon stimuli as a function of individuals’ BAS total scores. Positive 

values for the change in attentional breadth represent more global-biased attention after Stroop 

relative to pre-Stroop whereas negative values represent more local-biased attention after Stroop 

relative to before Stroop. 

 

Stroop Difficulty 

 When subjective reports of Stroop task difficulty were correlated with changes in 

attentional breadth in the incongruent Stroop condition, there was a significant relationship 

where greater self-reported difficulty completing the task was associated with a narrowing of 

attention, r = -.34, p < .01, replicating the pattern of results in Experiment 1 (see Figure 10a). 

However, longer Stroop RTs did not significantly predict more narrowing of attention, r = -.15, p 

= .21 (see Figure 10b). When the same composite measure of Stroop difficulty from Experiment 

1 was made by averaging the z-scores for both Stroop RTs and Stroop difficulty ratings, and this 

was used to predict changes in attentional breadth, greater difficulty significantly predicted more 
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narrowing of attention, r = -.32, p = .01. This relationship remained significant when controlling 

for BAS scores, partial r = -.31, p = .01. Together, these results suggest that greater difficulty in 

completing the incongruent Stroop task were associated with more narrowed attention post-

Stroop relative to pre-Stroop. 

 

Figure 10. Scatterplots depicting average change in attentional breadth as a function of individuals’ 

difficulty rating and Stroop RTs in Experiment 2 
 Figure 10. Scatterplots depicting average change in attentional breadth (post-Stroop attentional 

breadth – pre-Stroop attentional breadth) for Navon stimuli as a function of a) individuals’ 

difficulty rating for the Stroop task b) individuals’ Stroop RTs. Positive values for the change in 

attentional breadth represent more global-biased attention after Stroop relative to pre-Stroop 

whereas negative values represent more local-biased attention after Stroop relative to pre-Stroop. 

 

   Behavioural Results from Experiments 1 and 2 

  Behavioural task procedures were the same for participants assigned to the incongruent 

Stroop condition in Experiment 1 and all participants in Experiment 2; they each performed 64 

trials of the same Navon letter task, then five minutes of incongruent Stroop, and then 64 more 

Navon trials. To increase the power for statistical tests, and allow for more powerful testing of 

the hypotheses, data from the 28 participants from in the incongruent Stroop condition of 

Experiment 1, and the 63 participants from Experiment 2 were analyzed together. 

 Again, individuals were assigned to the high (M = 43, SD = 2.74) and low (M = 35.25, 

SD = 3.66) BAS groups by using the median split procedure (median = 39). A 2 (low vs. high 

a

. 

b

. 
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BAS group) x 2 (pre-Stroop vs. post-Stroop time) mixed-factors ANOVA was performed13. See 

Figure 11. As predicted, there was a significant interaction of approach motivation and pre versus 

post Stroop on attentional breadth for individuals that exercised self-control, F(1,82) = 7.59, p 

= .01, η2 = 09, where the effect of time was opposite for those with low and high BAS scores. 

There was no significant main effect of approach motivation or time, ps > .58. 

Figure 11. Average attentional breadth as a function of BAS and pre- or post- Stroop for both 

experiments 

 

Figure 11. Average attentional breadth (local RT – global RT) for Navon stimuli as a function of 

individuals’ BAS group and whether the stimuli were presented before or after completing 

Stroop. Negative values reflect greater local focus while positive values reflect greater global 

focus. Error bars represent +/- 1 SEM. 

 

  Pairwise t-tests were conducted to examine whether attentional breadth differed from pre- 

                                                 

 

13 A 3-factor ANOVA was conducted to determine the effects of Experiment 1 vs. 2, low versus 

high BAS, and pre-Stroop versus post-Stroop attentional breadth. The main effect of Experiment 

approached significance, F(1, 80) = 3.21, p = .08, η2 = .04, suggesting that individuals in Experiment 2 

showed a greater global focus relative to individuals in Experiment 1. The 3-way interaction between 

BAS, time and Experiment, as well as all 2-way interaction effects involving Experiment were 

nonsignificant, ps > .10.  
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to post-Stroop separately for both the high and low BAS groups. Attention became significantly 

more broad from pre-Stroop (M = 14ms, SD = 100ms) to post-Stroop (M = 41ms, SD = 79ms) 

for low BAS individuals, t(37) = 2.12, p = .04, d = . 0.35. There was a trend toward narrower 

attention for high BAS individuals from pre-Stroop (M = 29ms, SD = 94ms) to post-Stroop (M = 

8, SD = 78), t(46) = 1.77, p = .08, d = 0.43. Attentional breadth did not significantly differ 

between the two BAS groups before completing Stroop, t(82) = .68, p = .50, d = . 0.15, but the 

difference between the two groups’ attentional breadth after completing Stroop approached 

significance, t(82) = 1.94, p = .06, d = .43. The change in attentional breadth from pre-Stroop to 

post-Stroop was significantly correlated with BAS, r = -.27, p = .01, such that greater BAS was 

associated with a narrowing of attentional breadth.  

   Both subjective reports of Stroop difficulty and Stroop RTs were negatively associated 

with changes in attentional breadth, r = -.34, p < .01 and r = -.24, p = .02 respectively, and were 

not significantly related to BAS scores, ps > .21. A composite difficulty variable composed of 

standardized z-scores from both Stroop difficulty variables also significantly related to changes 

in attentional breadth, r = -.36, p < .001 where greater difficulty with the Stroop task predicted 

reduced attentional breadth. BAS was not significantly related to the composite Stroop difficulty 

measure, r = .07, p =.51. When both BAS and the composite Stroop difficulty measure were 

entered as predictors of individuals’ changes in attentional breadth in a simultaneous linear 

multiple regression, the overall model accounted for a significant 18.9% of variance in 

attentional breadth change, F(2,88) = 10.26, p < .001. BAS significantly predicted the change in 

attentional breadth while controlling for reported difficulty of the Stroop task, partial r = -.24, p 

= .01 (see Figure 12a). As well, the composite difficulty variable significantly predicted changes 

in attentional breadth while controlling for BAS, r =-.36, p < .001 (see Figure 12b). Again, these 
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results suggest that both BAS and difficulty influenced changes in attentional breadth separately, 

but in the same direction as each other.  

Figure 12. Scatterplots depicting partial correlations of BAS and difficulty for both Experiments. 

 

Figure 12. Scatterplots delineating partial correlations between a) difficulty and change in 

attentional breadth when controlling for BAS and b) BAS scores and change in attentional 

breadth when controlling for difficulty.  

 

 Experiment 2: Frontal Alpha Asymmetry   

  The means, standard deviations and intercorrelations between frontal alpha asymmetry 

indices are presented in Table 8, by medial/lateral/combined sites and resting/pre-Stroop Navon 

trials/post-Stroop Navon trials.   
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Table 8  

Intercorrelations Between Frontal Alpha Asymmetry Indices During Rest, Before Stroop (Pre) 

and After Stroop (Post) Table 8. Intercorr 

elations Between FAA Indices in Experiment 2

 MD  SD 1 2 3 4 5 6 7 8 9 

1. Rest Med  -.18  .25 - .69** .86** .66** .46** .61** .65** .45** .56** 

2. Rest Lat  -.60  .67  
 

.96** .52** .86** .89** .52** .79** .81** 

3. RFAA -.44  .49  
  

.61** .78** .85** .60** .73** .78** 

4. Pre Med  -.19  .27  
   

.35** .64** .68** .41** .53** 

5. Pre Lat  -.48  .64  
    

.94** .43** .75** .74** 

6. Pre FAA -.33  .39  
     

.59** .76** .80** 

7. Post Med -.14  .25  
      

.49** .69** 

8. Post Lat  -.39  .75  
       

.97** 

9. Post FAA -.26  .45  
       

- 

** indicates p < .01; Rest = resting, Lat = lateral, Med = medial, FAA = average frontal alpha 

asymmetry across medial and lateral sites; n = 54 

 

 

Generally, all measures of alpha asymmetry were significantly positively related. After 

averaging across medial and lateral sites, individuals’ average asymmetry measures were highly 

consistent across resting, pre-Stroop and post-Stroop (see bolded values in Table 8), which is in 

line with the characterization of frontal asymmetry as a stable individual difference measure (see 

Figure 13). The means were fairly low suggesting that many of the participants in this sample 

had greater alpha activity, on average, in the left hemisphere relative to the right, although 
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individuals naturally differed as shown by variation in their RFAA14. Fig

                                                 

 

14 Means and standard deviations for frontal alpha asymmetry measures were much closer to zero and 

were more comparable to those obtained in past research when an offline average reference was used. The 

decision to not use the AR, despite its frequent use when examining frontal asymmetry, was made based 

on the small number of electrode sites used for recording in this experiment, as well as the greater internal 

consistency of the frontal asymmetry measures when the linked ears reference was used. Furthermore, an 

AR can be especially problematic while using a less dense electrode array following the 10-20 system 

when examining frontal alpha asymmetry (for further discussion see Hagemann, Naumann, & Thayer, 

2001; Smith, Reznik, Stewart, & Allen, 2017).  

c

. 
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ure 13. Relations between FAA measures at rest and during t 

  Correlations between frontal alpha asymmetry indices and BIS, BAS and BAS subscales 

are reported in Table 9, and plotted in Figure 14. There were no significant correlations 

suggesting that individuals’ BIS, BAS and BAS subscales did not relate to their frontal alpha 
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asymmetry during the experiment, either while resting or completing the Navon task15. 

Furthermore, the relationship between BAS, BAS subscales and individuals’ FAA remained 

nonsignificant when controlling for variables that have previously been shown to influence FAA: 

age, gender and the time of day, ps > .10.  

 

Table 9 

 

Correlations between BIS, BAS and BAS subscales and frontal alpha asymmetry measures 

Table 9. Correlations between BIS, BAS and BAS subscales and FAA measures in Experiment 2 

       BIS BAS-Drive BAS-FS BAS-Reward BAS 

RFAA .16 .14 -.00 -.04 -.04 

Pre FAA .07 .21  .05  .00  .11 

Post FAA .20 .22  .09 -.03  .12 

Change FAA .21 .10 -.01 -.18 -.03 

BAS = Behavioural Activation System, BIS = Behavioural Inhibition System, FS = Fun Seeking, RFAA = Resting 

Frontal Alpha Asymmetry14. Scatterplots delineating the relationships between BAS and FAA 

                                                 

 

15 There was a trend found in that post-Stroop medial FAA was positively related with BAS-D, r 

= .26, p = .06.  
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 Figure 14. Scatterplots delineating the relationships between BAS and FAA at rest (a), while 

completing Navon task pre-Stroop (b), and while completing Navon task post-Stroop (c), as well 

as the relationship between change FAA and BAS (d).   

 

  To examine whether individuals’ FAA changed after exercising self-control, and whether 

this related to their approach motivation, a 2 (low vs. high BAS group) x 2 (pre-Stroop vs. post-

Stroop time) mixed-factors ANOVA was performed on FAA values acquired during the Navon 
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task blocks (see Figure 15)16. Post-Stroop FAA was not significantly different from pre-Stroop 

FAA, F(1, 44) = 3.19, p = .08, η2 = .07 and there was no significant main effect of BAS group, 

F(1, 44) = .09, p = .77, η2 < .01. Contrary to my prediction, there was no significant interaction 

of BAS and time on individuals’ FAA, F(1,44) = .30, p = .59, η2 < .01, in that both low and high 

BAS participants showed small, non-significant, increases in left relative frontal cortical activity 

from pre to post Stroop.  

Figure 15. Average FAA as a function of individuals’ BAS group and whether measures were taken 

before or after completing Stroop in Experiment 2. 

 

 Figure 15. Average frontal alpha asymmetry as a function of individuals’ BAS group and 

whether measures were taken before or after completing Stroop. Negative values reflect greater 

alpha activity in the left frontal electrode sites, most likely suggesting greater average cortical 

activity in the right prefrontal areas. Error bars represent +/- 1 SEM.  

 

                                                 

 

16 The same ANOVA was conducted for alpha asymmetry at parietal sites (P3 and P4), as alpha 

asymmetry at non-frontal sites are often examined to ensure that any effects are due specifically to 

activity at the frontal electrodes (i.e., frontal alpha asymmetry). There was a significant main effect of 

time, p < .02, suggesting that greater right parietal activity was measured after completing self-control. 

The main effect of BAS and the interaction between BAS and time were nonsignificant, ps > .71. 
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 Correlations between attentional breadth measures and FAA indices are presented in 

Table 1017. Attentional breadth was not significantly related to any of the frontal asymmetry 

measures (see Figure 16), although there was a trending relationship in that greater local 

attentional breadth post-Stroop, as well as pre-Stroop albeit to a lesser degree, was associated 

with greater left frontal cortical activity following self-control relative to before, and only for 

low BAS individuals18. This relationship was in the opposite direction, albeit not trending or 

significant, for high BAS individuals. For low BAS individuals, the relationship between the 

change in FAA and attentional breadth pre-Stroop was in the same direction as for the 

relationship between the change in FAA and attentional breadth post-Stroop, suggesting that 

maybe low BAS individuals’ pre-Stroop attentional breadth was associated with the change in 

FAA; individuals’ with greater local attentional focus could be more likely to show greater 

relative left frontal activity following self-control, while individuals’ with greater global 

attentional focus were more likely to show greater relative right frontal activity following self-

control. It is unclear from these results why this relationship was found only with low BAS 

individuals and not high BAS individuals, and thus caution is warranted when interpreting this 

relationship. 

 

 

                                                 

 

17 The change in frontal alpha asymmetry for one participant was not included since the value was 

greater than 3SD from mean.  
18 No predictions were made as to whether attentional breadth would relate more strongly to 

medial or lateral frontal asymmetry. There was a significant relationship between greater medial frontal 

asymmetry change and attentional breadth post-Stroop for low BAS individuals, r = -.46, p = .02. No 

other significant relationships were found, ps > .10. As well, none of the EO or EC resting asymmetry 

indices were significantly related to attentional breadth, ps > .21. 
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Table 10 

Correlations between frontal asymmetry and attentional breadth measures 

Table 10. Correlations between FAA and attentional breadth in Experiment 2 

 RFAA Pre FAA Post FAA Change in FAA 

Low BAS     

Attentional Breadth Pre-Stroop -.05 -.09 -.12 -.35 

Attentional Breadth Post-Stroop  -.03 -.04 -.18 -.38 

Attentional Breadth Change -.05 -.08 -.01 .11 

High BAS 

 

   

Attentional Breadth Pre-Stroop .00 .01 .07 .13 

Attentional Breadth Post-Stroop  -.04 -.09 -.08           -.14 

Attentional Breadth Change -.03 -.09 -.15 -.03 

a
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 Figure 16. Scatterplots showing the relationships between pre-Stroop attentional breadth as a 

function of the change in frontal asymmetry for high (a) and low (b) BAS groups, as well as 

relationships between the change in attentional breadth as a function of the change in frontal 

asymmetry for low (c) and high (d) BAS groups. Positive scores represent broader attentional 

breadth (Pre-Stroop attentional breadth), broader attentional breadth post-Stroop relative to pre-

Stroop (Change in Attentional Breadth) and greater relative left frontal activity after exercising 

self-control relative to before  (Change in Frontal Asymmetry).  

 

  Discussion  

  The purpose of Experiment 2 was to replicate the finding that individual differences in 

BAS moderate changes in attentional breadth from pre- to post-incongruent Stroop. This result 

was replicated as high approach-motivated individuals showed less of a global focus when 

completing the Navon letter task after exercising self-control relative to low approach-motivated 
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individuals, but attentional breadth did not differ for the two BAS pre-Stroop. This pattern of 

means suggest that exercising self-control influences attentional breadth differently for high and 

low approach-motivated individuals, where high approach individuals become more narrowly 

focused and low approach individuals become more broad. In contrast to Experiment 1, BAS 

was not significantly related to the change in attentional breadth but the pattern was in the 

predicted direction. However, when data were collapsed across the two experiments, BAS was 

significantly related to the change in attentional breadth, where greater BAS scores predicted 

reduced attentional breadth after self-control. As well, in both experiments, the level of difficulty 

in completing the Stroop task significantly predicted subsequent attentional breadth in the same 

direction, but largely separate, from individuals’ approach motivation. The more difficult 

individuals found the Stroop task, the more likely they showed a narrower processing bias after 

exercising self-control.  

 EEG measures were recorded at rest and during the cognitive tasks so that alpha activity 

in left relative to right frontal areas could be related to both the individual differences in 

approach motivation and attentional breadth of the participants within the experiment. Frontal 

asymmetry remained relatively stable within individuals from at rest to while completing the 

cognitive tasks, but both resting and pre-trial alpha asymmetry scores were unrelated to the self-

reported levels of individuals’ approach motivation (i.e., BAS scores). Furthermore, high and low 

BAS groups did not differ on any measure of asymmetrical frontal activity, and measures of 

frontal asymmetry were largely unrelated to attentional breadth pre- and post-Stroop, as well as 

to the change in attentional breadth. The results from Experiment 2 suggest that self-control 

influences attentional breadth differently for those high and low on BAS, and this is not 

associated either with changes in frontal asymmetrical activity, or naturally-occurring frontal 
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asymmetrical activity at rest. Therefore, shifts in FAA after self-control do not underlie the 

observed changes in attentional breadth after self-control. 

General Discussion   

  The purpose of this study was to examine how self-control could influence attentional breadth 

differently depending on individuals’ levels of BAS, and explore alpha asymmetry as a possible 

mechanism. This is an important question, as human beings often have to constrain and inhibit 

easy or predominant thoughts and behaviours in everyday life, and this could affect their 

subsequent cognitive processing. While resisting eating the delicious piece of cake may be 

beneficial for one’s health in the long term, what are the consequences of this self-control for 

their cognitive processing in the short-term?    

  Attention may be affected by exercising self-control, even when there are no approach-

motivating stimuli presented, and previous literature has suggested that how attentional breadth 

is influenced by self-control may depend on BAS (e.g., Crowell et al., 2014). In two studies, I 

looked at attentional breadth before and after a self-control task while measuring BAS, and in 

Study 2 I also measured frontal asymmetry, both at rest, and before each Navon trial. This study 

is the first to look at the changes in attentional breadth following self-control while accounting 

for individuals’ baseline global/local biases. Individuals show reliable individual differences in 

their global/local bias (Dale & Arnell, 2013). Previous work (e.g., Crowell et al., 2014) has 

randomly assigned individuals to high or low self-control conditions and measured attentional 

breadth only after the self-control manipulation. In this work I measured attentional breadth both 

before and after the self-control manipulation so the change in attentional breadth from the pre- 

to post- self-control manipulation could be measured, thereby controlling for individual 

differences in attentional breadth. This is also the first study that has examined whether changes 
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in attentional breadth are correlated with BAS, as opposed to simply dividing individuals into 

high and low BAS groups. Furthermore, previous work has investigated various combinations of 

self-control, BAS, attentional breadth, resting frontal asymmetry, and pre-trial frontal asymmetry, 

but Experiment 2 is the first study to combine all of these measure into a single study to examine 

whether the changes in attentional breadth as a function of self-control and BAS are related to 

resting asymmetrical frontal activity or its change in frontal alpha asymmetry across trials. There 

were three main findings: 1) self-control influenced attentional breadth differently depending on 

BAS where high BAS was associated with narrowing of attention and low BAS was associated 

with broadening of attention following self-control  2) the level of difficulty of the self-control 

task influenced changes in attentional breadth where higher difficulty was associated with 

narrowing of attention and lower difficulty was associated with broadening of attention 

following self-control, and this was independent of the BAS effect on attentional breadth after 

self-control, and 3) both BAS and attentional breadth were found to be unrelated to individual 

differences in resting or pre-trial frontal alpha asymmetry, or changes in pre-trial alpha 

asymmetry pre to post Stroop. 

 Approach Motivation and Global/Local Processing Following Self-Control. It has been 

shown previously that manipulations of mood and affect can influence attentional breadth (e.g., 

Fredrickson, 2001; Gasper & Clore, 2002). Inducing different emotional states can influence 

whether individuals are more likely to focus on the local or global level, and these modulations 

in breadth of attention can serve a purpose in helping humans interact appropriately with the 

environment. For example, attentional breadth has been shown to narrow after viewing 

approach-motivating stimuli (e.g., the tasty treat when it has been hours since last eating), and 

this may allow for individuals to “keep their eyes on the prize” and pursue their goals (Gable & 
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Harmon-Jones, 2011; Harmon-Jones & Gable, 2009). Furthermore, individuals differ in their 

tendencies to approach in everyday life and individuals with greater tendencies show more 

narrowed attentional breadth when viewing approach-motivating images in comparison to 

individuals with lesser tendencies (Gable & Harmon-Jones, 2008).  

  The results from this study largely support the hypothesis that there are attentional 

changes, or shifts, that occur after exercising self-control, and that these attentional changes are 

largely dependent on individuals’ levels of naturally occurring, or trait levels of approach 

motivation such that exerting self-control promotes narrowed attention for those high in BAS 

and broadened attention for those low in BAS. The narrowed attention for high BAS individuals 

after engaging in self-control would be generally consistent with the process model of self-

control (Inzlicht & Schmeichel, 2012; Inzlicht et al., 2014). This model postulates that exerting 

self-control causes shifts in attention and motivation toward more reward-seeking and 

pleasurable behaviours, and away from aversive, effortful tasks. In contrast to the ego-depletion 

model of self-control (Baumeister et al., 1998), the process model predicts that there are 

attentional and motivational shifts occurring after a self-control task that may not be adequately 

labeled when measured using a subsequent self-control task. According to the process model, 

these processes, not depletion of self-control, can contribute to the lesser ability to self-regulate 

when exercising self-control within the near future (Inzlicht & Schmeichel, 2012; Inzlicht et al., 

2014). Evidence to support this model include findings that self-control can lead to greater 

reported optimism in high approach-motivated individuals (Crowell et al., 2014), facilitated 

perception of reward-like symbols in comparison to non-reward-like symbols (Schmeichel et al., 

2010), and muted error monitoring (via decreased ERN amplitudes) during incorrect trials by 

individuals with greater left frontal activity at rest (Nash et al., 2012).  
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  If self-control does lead to greater approach motivation as the process model predicts, 

then one would expect that high approach-motivated individuals would be more likely to be 

affected by exercising self-control, perhaps resulting in state-like increases in approach 

motivation. Approach states have been associated with narrowing of attention on global/local 

tasks (e.g., Gable & Harmon-Jones, 2008). Therefore, the present results partially support this 

hypothesis in that there was a significant relationship between greater BAS and more narrowed 

attentional breadth after exercising self-control, but not after completing a non-self-control task. 

However, the results for the low BAS individuals are less consistent with what the process model 

would predict. Recall that after exercising self-control, the attentional breadth of low approach-

motivated individuals moved in the opposite direction to that of the high BAS individuals, in that 

their attention became more broad after exercising self-control, and this pattern would not be 

predicted by the process model. 

  One possible reason for the increased breadth after self-control for low BAS individuals 

is that completing the self-control task promoted the low BAS individuals to adopt a broader 

attentional focus because this is more natural to them and required the least amount of effort. 

There have been reports in past literature that participants in depleted states show greater reliance 

on their own inner tendencies than in non-depleted states, and this may at least partially explain 

the broadening of attention for low BAS individuals (Baumeister, Gailliot, DeWall, & Oaten, 

2006). However, it’s not clear from the results reported here that a broadened attentional focus 

was natural for low BAS individuals, since attentional breadth did not differ between low and 

high BAS groups before completing self-control. However, inducing low approach-motivated 

states in individuals has been shown to broaden attentional focus relative to inducing high 

approach-motivated states (Gable & Harmon-Jones, 2008; Gable & Harmon-Jones, 2010; 
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Juergensen & Demaree, 2015), and a greater tendency to experience low approach-motivated 

states (i.e., low BAS) could suggest that their attentional breadth is generally more likely to be 

broad relative to high BAS individuals. 

Another explanation for low BAS individuals’ broadening of attention could be that the 

change in attentional breadth is similar to what would occur naturally over time as they 

completed the attentional breadth tasks, and that the self-control aspect did not have a significant 

effect on influencing their attentional breadth. Recall that attentional breadth significantly 

broadened for all individuals (i.e., high and low BAS) in the control condition of Experiment 1 

when they were completing the congruent Stroop trials and not exercising self-control.  

Furthermore, in Experiment 1, low BAS individuals’ change in attentional breadth after 

exercising self-control did not differ from low BAS individuals’ change in attentional breadth 

after completing five minutes of congruent Stroop. Indeed, the high BAS group showed 

increased attentional breadth after completing the congruent Stroop, whereas the opposite was 

found for high BAS individuals assigned to the incongruent Stroop self-control condition, 

perhaps suggesting that the broadening of attention throughout the task was the default unless 

individuals exercised self-control and were higher in approach-motivated tendencies (i.e., high 

BAS). It is also possible that completing congruent Stroop trials influenced attentional breadth 

differently compared to what would have happened if individuals had completed no Stroop trials 

(e.g., completing both attentional breadth tasks back-to-back) and the influence of completing 

congruent Stroop differed from what would occur naturally over time. Therefore, the results here 

cannot definitively support the hypothesis that the influence of completing congruent Stroop on 

attentional breadth change is equivalent to what would naturally occur over time. Also, the 

finding that changes in attentional breadth related with BAS across both groups in Experiment 1 
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after exercising self-control provides evidence against the view that self-control does not 

influence the change in attentional breadth for low approach-motivated individuals. Indeed, 

sometimes self-control influenced the attentional breadth of low BAS individuals to a greater 

extent than high BAS individuals, although this may have been partially due to a 

disproportionate influence of a small number of participants in the recruited sample with 

extremely low BAS. Overall, these results suggest that both low and high BAS individuals’ 

attentional breadth was influenced by self-control. 

 The results here cannot attest to whether participants would have performed worse on a 

self-control task performed following the completion of the incongruent Stroop self-control task, 

which is a prediction of the ego-depletion strength model of self-control that has been the recent 

focus of debate in the literature (e,g,, Carter et al., 2015; Hagger et al., 2016). Interestingly, there 

has been evidence to suggest that having individuals focus on the local level can reduce their 

regulatory ability on a subsequent task, perhaps suggesting a potential role for the changes in 

attentional breadth in subsequent regulatory failures (Hanif et al., 2012). It may be that the 

narrowing of attention following a self-control task could be associated with less regulatory 

ability while completing a subsequent self-control task. This result would coincide with other 

findings in the literature associating the breadth of attention with performance on other cognitive 

tasks (e.g., Dale & Arnell, 2015), and provide a potential mechanism as to how shifts in attention 

and motivation can influence subsequent performance on other self-control tasks. 

Although the impact of engaging in self-control was not measured during a second self-

control task, the self-control required during the Stroop task was indirectly measured via the self-

reported difficulty of the Stroop task and their Stroop RTs. Asking participants to rate their 

subjective experience while completing the Stroop task, and measuring performance that likely 
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reflects how difficult they found the task (i.e., RTs on Stroop trials), may offer an approximate 

estimate of how much self-control was required to perform the Stroop task. Interestingly, the 

extent to which participants found the self-control task to be difficult was largely independent of 

their approach-motivated tendencies, but influenced the change in attentional breadth in the same 

direction, even over and above BAS scores. Furthermore, greater difficulty during the self-

control task predicted a narrower attentional focus and less propensity to see the “bigger 

picture”, or the “forest from the trees”.  Accordingly, there was no relationship between difficulty 

and attentional breadth for individuals that did the congruent Stroop task in Experiment 1 where 

there was no need to exercise self-control. Individuals who found the task to be easier, either 

because they were in the congruent Stroop condition, or they excelled in the incongruent Stroop 

condition, may have been more likely to experience a more positive, low-intensity mood, which 

is often associated with a more diffuse, broad focus (Fredrickson & Losada, 2005). Indeed, this 

could explain why attentional breadth increased for congruent Stroop participants in Study 1. In 

contrast, greater difficulty could be associated with the urgency to utilize resources to act upon 

the immediate environment and greater attentional investment, as greater effort may have been 

necessary for these individuals to complete the task. 

 The results from this study suggest that the difficulty completing the task and propensity 

for individuals to approach are two mechanisms that affect attentional breadth in a similar way. 

They are both associated with less broad focus, but are largely independent from one another in 

how they influence attentional breadth. This suggests that it is not simply that high-approach 

motivated individuals found the task more difficult, and that the greater challenge experienced by 

these individuals accounted for changes in attentional breadth; there seems to be at least two 

mechanisms influencing attentional breadth following self-control. Research examining the 
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aftereffects of self-control on attentional breadth should focus on both individuals’ approach 

motivation and difficulty while completing the self-control task. Focusing only on the taxing and 

effortful aspect of self-control may not be sufficient to fully understanding the aftereffects, 

especially in regard to individuals’ changes in attentional breadth.   

Investigating the Role of Frontal Asymmetry.  Both a strength and a weakness of the 

current study is that frontal asymmetry was measured in the absence of emotionally salient 

stimuli such as positive or negative images. This allowed me to examine whether self-control 

could influence frontal asymmetry without subsequent emotional picture viewing. Schmeichel 

and colleagues (2016) found that high approach-motivated individuals (i.e., high BAS-BIS 

scores) showed increased relative left frontal activity while viewing positive images after 

completing self-control. The increased activity could have been due to trait levels of approach-

motivated tendencies, viewing positive-valance images, exercising self-control, or a combination 

of these factors. Indeed, they found that increased left frontal activity occurred only for 

individuals that were high in approach-motivated tendencies, and had subsequently viewed the 

positive images after exercising self-control, suggesting the combination of high approach 

stimuli and high approach-oriented individuals was needed (see also Harmon-Jones et al., 2013 

for further evidence and discussion of this point). Greater left frontal activity was not found 

when these individuals had viewed neutral images, suggesting that self-control on its own was 

not sufficient to examine the relationship between approach motivation and frontal alpha 

asymmetry. The finding of null relationships with alpha asymmetry in the present study after 

self-control, even in those with high BAS, is therefore consistent with the null results from the 

neutral picture condition of Schmeichel et al. (2016). 
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  Another finding that replicated previous work was that individual differences in 

approach-motivated tendencies, measured by people’s responses to the well-validated BIS/BAS 

questionnaire, did not relate to individual differences in resting frontal alpha asymmetry. This is 

consistent with some findings in the literature (Boksem et al., 2012; Neal & Gable, 2017; Wacker 

et al., 2010) that have also shown no relationship between BAS scores and frontal alpha 

asymmetry, but is inconsistent with others (Coan & Allen, 2003; Harmon-Jones & Allen, 1997) 

that have shown associations between greater relative left frontal activation and higher BAS 

scores. However, frontal alpha asymmetry did indeed show qualities of a stable individual 

difference measure here, and has been shown in previous work to relate to approach motivation 

when there is a stronger emotional experience present (Wacker et al., 2010). 

  Consistent with past research, viewing neutral images (i.e., Navon Letters) in the present 

study did not promote significantly greater left frontal activity following self-control. This was 

despite finding significant changes in attentional breadth following effortful self-control for low 

and high BAS individuals with the same neutral stimuli. Thus, the behavioural attentional 

breadth effect, but not the frontal asymmetry effect, was observed with neutral images. 

Furthermore, this change in attentional breadth was unrelated to individual differences in frontal 

alpha asymmetry either at rest or while completing the cognitive tasks. This was despite the 

frontal asymmetry measures showing high consistency with each other across time (pre versus 

post Stroop), task (resting vs pre-trial), and electrode location (more medial versus more lateral 

electrodes), supporting the view that frontal asymmetry is a reliable individual difference 

measure (Tomarken, Davidson, Wheeler, & Doss, 1992).  

  There may not have been a strong enough emotional challenge here to elicit significant 

changes in frontal asymmetry. It is possible that viewing emotional images after exercising self-
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control may influence individuals’ attentional breadth beyond the effect of exercising self-control 

alone, and that the effect of viewing the emotional images after exercising self-control is what 

lead to greater relative left frontal activity, as reported by Schmeichel and colleagues (2016). 

Indeed, FAA has been proposed to more strongly associate with approach motivation when there 

are explicit cues of incentive anticipation presented, and these cues were not included in the 

current design (Harmon-Jones & Gable, 2018).  In summary, these results strongly suggest that 

changes in alpha asymmetry do not underlie the changes in attentional breadth observed after 

self-control, for either high or low BAS individuals. Furthermore, whether attentional breadth 

and frontal alpha asymmetry are influenced to a greater extent by viewing emotional images after 

exercising self-control is a promising avenue of future research and could potentially provide the 

crucial link between the findings here and Schmeichel et al. (2016).    

 Limitations and Future Research. There are limitations that should be considered when 

interpreting the results of this study. First, the participants reported the difficulty of the self-

control task after the second attentional breadth task was completed, and thus the performance on 

the second attentional breadth task may have influenced their reported difficulty. As well, 

difficulty was reported using a four-point scale and this may not have sufficiently captured the 

wider variability in experience that asking participants to rate their experience on a 7-point Likert 

scale may have. Nonetheless, self-reported Stroop difficulty ratings turned out to be a 

surprisingly good predictor of changes in attentional breadth, independent of BAS scores. In 

fiuture research, Stroop difficulty could also be manipulated beyond congruent versus 

incongruent, for example, by adding some congruent trials to incongruent blocks (as the effect is 

known to increase the Stroop effect), or by increasing the salience of the to-be-ignored text by 

using previous reward associations. Future research could also examine whether difficulty while 
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exercising self-control is associated with other factors that may have influenced global/local 

processing during the task (e.g., increased preparatory attention, greater attentional effort, greater 

negative affect).  

  Another limitation of the current study is that only the Navon Letter global/local 

processing task was used to measure attentional breadth. As noted above, Crowell et al. (2014) 

used a different attentional breadth measure and found that attentional breadth was significantly 

more broad for high approach individuals after exercising self-control, which is opposite to the 

findings reported here. One possible explanation for these inconsistent findings could be 

differences in the attentional breadth task used. In fact, weak correlations have been previously 

reported between various attentional breadth measures, suggesting that they tap into distinct 

aspects of global/local processing (Chamberlain, Hallen, Huygelier, Cruys, & Wagemans, 2017; 

Dale & Arnell, 2011). It is not clear from these results alone whether the effect of self-control on 

attentional breadth would transfer to other global/local processing tasks, suggesting a possible 

direction for future research. Although, it is currently unclear why eliciting greater self-control 

could potentially broaden attention for high approach-motivated individuals when completing 

one attentional breadth task but narrow attention when using a different attentional breadth 

measure.  

  Another limitation of this research is that an incongruent Stroop task was used to evoke 

self-control. Although this is a commonly used self-control manipulation (Duckworth & Kern, 

2011), and participants in the self-control condition found completing Stroop more difficult in 

the self-control condition relative to those in the control condition, there are differences between 

completing congruent and incongruent Stroop that may have played a role in affecting attentional 

breadth (e.g., fatigue, signaling of conflict, increases in heart rate and arousal, changes in stress, 
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changes in affect; Fröber, Stürmer, Frömer, & Dreisbach, 2017; Renaud & Blondin, 1997). 

Although a strong argument could be made for the inclusion of these factors in the construct of 

self-control, it is unclear whether any of these effects on their own had a disproportionate 

influence on the change in attentional breadth. Further, a condition where individuals did not 

complete Stroop trials (i.e., incongruent or congruent), and potentially did nothing for the 5 

minute interval would have allowed for a comparison between changes in attentional breadth 

after completing congruent Stroop relative to no Stroop at all, and could help determine whether 

the broadening of attention while completing congruent Stroop, as reported in Experiment 1, was 

due to the congruent Stroop task itself or because participants were asked to complete the same 

Navon letter task twice. Adding the extra condition would aid in better understanding whether 

congruent Stroop affected attentional breadth on its own. 

  Future research could use different self-control measures to examine whether multiple 

different self-control manipulations elicit the same effects reported here. Indeed, Crowell et al. 

(2014), who showed the opposite pattern of results as observed here, used a controlled writing 

task (write a story without using the letters “a” or “n”) for their self-control manipulation, and it 

is possible that the difference in self-control tasks was at least partially responsible for the 

different pattern of results.  

  However, there are a few other potential reasons as to why the results reported here do 

not match those of Crowell et al. (2014). First, a baseline was included in this study to control for 

individual differences in global/local biases before completing the manipulation. Including a 

baseline measure is important when examining attentional breadth, as individuals’ global/local 

biases tend to remain relatively stable over time. Indeed, a significant difference was found 

between low and high BAS groups pre-Stroop attentional breadth in Experiment 1 simply due to 
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unsuccessful random assignment. Also, previous research suggests that attentional breadth is 

influenced by the resolution, spatial frequency and visual angle of images presented (see 

Introduction). Crowell et al. (2014) showed stimuli on a viewing screen in a large lecture hall, 

suggesting that these factors were not controlled for to the same extent as they were here. More 

concerning is the possibility that where participants decided to sit in the lecture hall may have 

been related to whether they were high or low BAS. Further, individuals’ seating selection (i.e., 

how far away from the screen their seat was) would determine the visual angle of the images that 

they were asked to perceive, resulting in a potential confound when comparing individuals’ 

perception of the visual stimuli by high and low BAS groups.   

                    Conclusion 

 In summary, the goal of this study was to examine whether self-control could influence 

global/local processing depending on individuals’ approach-motivated tendencies, and whether 

the effect was associated with relative left frontal cortical activity. These results of two studies 

suggest that exercising self-control influences attentional breadth of high and low approach-

motivated individuals differently where high approach individuals narrow attention following 

self-control, and low approach individuals broaden attention after self-control. Furthermore, 

these changes in attentional breadth are unrelated to asymmetrical frontal cortical activity or its 

change, suggesting that frontal alpha asymmetry is not the mechanism that underlies changes in 

attentional breadth with self-control. This is the first study to determine that changes in 

attentional breadth following self-control are not associated with individual differences in 

asymmetrical frontal cortical activity.  

Greater difficulty while completing the self-control task was also associated with 

narrowing of attention post-self-control relative to pre-self-control, and the influence of difficulty 
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on changes in attentional breadth was largely independent of the effect of approach-motivated 

tendencies.  

The results provide some support for the process model of self-control (Inzlicht & 

Schmeichel, 2012; Inzlicht et al., 2014) in that exercising self-control can modulate attentional 

breadth depending on individual differences in motivated tendencies. Induced high approach 

states have been previously found to promote narrow attentional processing (e.g., Gable & 

Harmon-Jones, 2008). Therefore, finding that high approach individuals become more narrowly 

focused after self-control is consistent with the process model’s central premise that high 

approach individuals move toward an approach state after exercising effortful self-control. 

However, the process model does not account for the finding that self-control broadened 

attention for low BAS individuals, or for why both objective and subjective measures of Stroop 

difficulty would predict changes in attentional breadth independent of approach tendencies. 

Future research could further examine the separate mechanisms underlying effects of self-control 

difficulty and approach tendencies on changes in attentional breadth after self-control. 
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      Appendix A- BIS/BAS Questionnaire 

BIS/BAS Scales 

Listed are items concerning behaviours exhibited by adults. Read each item carefully and decide 

how accurately the behaviour describes you. Indicate your response for each item by pressing the 

key with the number that corresponds to your response choice. 

Response Options 

1 = Very Inaccurate 

2 = Moderately Inaccurate 

3 = Moderately Accurate 

4 = Very Accurate 

 
1. If I think something unpleasant is going to happen I usually get pretty "worked up". 

 1  2 3 4  

2.  I go out of my way to get things I want. 

 1 2 3 4  
3. Criticism or scolding hurts me quite a bit. 

 1 2 3 4  
4.  When good things happen to me, it affects me strongly. 

 1 2 3 4  

5. Even if something bad is about to happen to me, I rarely experience fear or nervousness. 

 1 2 3 4  

6.  I am always willing to try something new if I think it will be fun. 

 1 2 3 4  
7. I have very few fears compared to my friends. 

 1 2 3 4  
8. When I get something I want, I feel excited and energized. 

 1 2 3 4  

9. I crave excitement and new sensations. 

 1 2 3 4  

10. I feel pretty worried or upset when I think or know somebody is angry at me. 

 1 2 3 4  

11. It would excite me to win a contest. 

 1 2 3 4  

12. When I see an opportunity for something I like, I get excited right away. 

 1 2 3 4  

13. When I want something, I usually go all-out to get it. 

 1 2 3 4  

14.  I worry about making mistakes. 

 1 2 3 4  

15. If I see a chance to get something I want, I move on it right away. 

 1 2 3 4  

16.  I will often do things for no other reason than that they might be fun 

 1 2 3 4  

17. When I go after something I use a "no holds barred" approach. 

 1 2 3 4  

18. When I am doing well at something, I love to keep at it. 
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 1 2 3 4  

19. I feel worried when I think I have done poorly at something. 

 1 2 3 4  

20. I often act on the spur of the moment. 

 1 2 3 4  
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Appendix B – Navon Letter Stimuli 

         

        

 

 

 

 

 

 

 

 

 

 

 

 

 



SELF-CONTROL AND ITS INFLUENCE ON GLOBAL/LOCAL PROCESSING              95 

 

 

 

Appendix C- Experiment 1: Informed Consent  

Consent to Participate in Research                                                                                            

Psychology Department, Brock University, 2016-2017                                                                     

Attention and Individual Differences 

 

Invitation to Participate                                                                                                                 

You are invited to participate in this research study of motivation and cognition being conducted 

by Dr. Karen Arnell and Brent Pitchford. Dr. Karen Arnell is a Professor in the Department of 

Psychology at Brock University. She can be reached by phone at (905) 688-5550 ext. 3225. The 

Psychology Department can be reached by phone at (905) 688-5550 ext.5050, or by email at 

lindap@brocku.ca. This study has received ethics clearance (REB # 15-155) from the Brock 

University Research Ethics Board, and is funded by the Natural Sciences and Engineering 

Research Council (NSERC).  

Basis for Participant Selection                                                                                                                  

In this study, participants will be required to complete a variety of English-based cognitive tasks. 

Participants who do not have English as a first language will not be able to participate. 

Overall Purpose of the Study                                                                                                                  

Your participation will help us learn more about how our minds organize information and how 

this may relate to your everyday emotions and behaviours. In this study, you will be asked to 

completecomputer-based cognitive tasks. We will also ask you to complete four questionnaires 

of your general emotions and behaviours. Ultimately, we hope to learn more about the links 

between affect and cognition. 

Explanation of Procedures                                                                                                             

The study will be conducted in this room, and will take approximately 1 hour to complete.  

Timeline  

1. (5 minutes) You will review our consent procedures. 

2. (10 minutes) You will be completing 4 questionnaires about your everyday emotions and 

behaviours. 

3. (3 minutes) You will be completing the first Navon letter task using the computer. You will 

be asked to press keys on the keyboard depending on whether you see an H or a T. 

4. (5 minutes) You will complete the Stroop task on the computer where you will report the font 

colours of presented words. 

5. (3 minutes) You will be completing the second Navon letter task using the computer.  

6. (3 minutes) Break  

7. You will repeat steps 3-5  

8. (5 minutes) We will describe the purpose of the study and answer any questions you may 

have. 

Potential Risks and Discomforts                                                                                                      
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You may experience mild fatigue while completing the tasks. A short break will be given after 

the third task. If you are uncomfortable with performing one or more of the tasks or answering 

one or more of the questions on the questionnaires, you can choose to simply skip that portion of 

the study. 

Potential Benefits  

This research will help us help us learn more about how our minds are influenced by our 

consistent emotions and motivations. If you are not familiar with cognitive psychology, then the 

experiment will expose you to a new area of psychology.  

Compensation for Participation                                                                                                       

For your participation today you will receive 1 hours of research participation toward any 

participating Brock University course.  

Assurance of Confidentiality                                                                                                          

 Both the cognitive tasks and self-report information we collect from you in this study (your 

responses) will be coded by a number, not your name. Your identity will not be revealed or 

connected with the experimental results or participant number. We are interested in combining 

data from all of the participants, not in reporting the pattern for each person. Your data will be 

combined with the data from other participants, and reported in summary form. Data and records 

created by this project are the property of the University and the investigator. You may have 

access to the overall results of the experiment by making a written request to Dr. Karen Arnell 

(Department of Psychology, Brock University, St. Catharines, ON, L2S 3A1). A copy of the 

summary results will then be sent to you when the experiment has been completed. This right of 

access extends only to the data combined from all participants, and not to your individual data 

nor the individual data of other participants.  

Data will be secured either in a locked cabinet (paper data) or on password protected computers 

(electronic data files for SPSS analysis) in a locked and alarmed lab that can only be accessed by 

Dr. Arnell, and her research students and research assistants. Data will be kept for 7 years from 

the date of the last journal publication (as per APA requirements). Once the 7-year period has 

passed, paper data will be deposited in padlocked confidential shredding bins that are 

periodically deposited in the Psychology department at Brock. Electronic data will be deleted 

from the hard drive and once the computer no longer works it will be disposed of through ITS at 

Brock. 

Withdrawal from the Study                                                                                                            

Your participation is voluntary, and you may withdraw from the study at any time without 

penalty. Your decision of whether or not to participate will not affect your course grades or your 

eligibility for other studies. If you decide to participate now, you are free to withdraw your 

consent and to discontinue participation at any time during testing. Note that this may reduce 

confidentiality as the experimenter will know you withdrew and that they are shredding your 

data. In the event of withdrawal, you will still receive the research feedback form and have the 

opportunity to ask questions at the end of the session. You will still receive full compensation. 

The data of the participants who choose to withdraw from this study will be fed into the shredder 

by the experimenter. It is not possible to withdraw from the study after submitting data.  
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Offer to Answer Questions                                                                                                          

You should feel free to ask the experimenter questions now or at any time during the study. If 

you have further questions or concerns, at any time you can contact Dr. Karen Arnell, at (905) 

688-5550 ext. 3225 or karnell@brocku.ca. If you have questions about the rights of research 

participants, contact the Brock Research Ethics Officer in the Office of Research Services (905) 

688-5550 ext. 3035. 

Consent Statement 

The procedures and potential harms/benefits have now been explained to you. You are 

voluntarily making a decision about whether or not to participate in the study.  Your signature 

below indicates that you have freely decided to participate in this research study, having read and 

understood all of the information above, and understanding that you may ask questions now and 

in the future.   

______________________________________________________________________________ 

Print full name of participant                     Signature of participant                Date 

 

_____________          _____________  _____________________________ 

Age Sex (M/F)                        Signature of Researcher 

I am participating in this experiment for 60 minutes (one hour) of research participation in a Brock University 

course and will not receive monetary payment for this experiment. 

_________________________ ___________           _________________________             

Signature of participant     Course            Signature of Researcher 

Thank you for your participation in this study. Please keep a copy of the consent form for your 

records. 
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Appendix E- Experiment 2: Informed Consent 

Consent to Participate in Research                                                                                            

Psychology Department, Brock University, 2017-2018                                                                     

Attention and Individual Differences 

Invitation to Participate                                                                                                                 

You are invited to participate in this research study of motivation and cognition being conducted 

by Dr. Karen Arnell and Brent Pitchford. Dr. Karen Arnell is a Professor in the Department of 

Psychology at Brock University. She can be reached by email at karnell@brocku.ca. The 

Psychology Department can be reached by phone at (905) 688-5550 ext.5050, or by email at 

lindap@brocku.ca. This study has received ethics clearance (REB #16-209) from the Brock 

University Research Ethics Board.  

Basis for Participant Selection                                                                                                                  

In this study, participants will be required to complete a variety of English-based cognitive tasks. 

Participants who do not have English as a first language will not be able to participate. 

Participants cannot have colour-deficient vision as some of the tasks require colour 

discriminations. You cannot have any uncorrected visual impairments, as normal or corrected to 

normal visual acuity is required to identify correctly the visual stimuli in most of these tasks. 

You will also not be taking any psychoactive medications (e.g. Ritalin, Effexor, anti-convulsants, 

etc.), or have any neurological conditions or cardiac function condition, and you must also be 

right-handed. These requirements are necessary for the recording and analysis of physiological 

measures (EEG). 

Overall Purpose of the Study                                                                                                                  

Your participation will help us learn more about how our minds organize information and how 

this may relate to your everyday emotions and behaviours. In this study, you will be asked to 

complete two types of computer-based cognitive tasks while wearing an electroencephalogram 

(EEG) cap to measure brain waves. We will first ask you to complete seven questionnaires of 

your general emotions and behaviours. Ultimately, we hope to learn more about the links 

between affect and cognition as well as how this affects or is predicted by electrophysiology 

within the brain. 

Explanation of Procedures                                                                                                             

The study will be conducted in this room, and will take approximately 3 hours to complete.  

Timeline  

1. (5 minutes) You will review our consent procedures. 

2. (40 minutes) You will complete 7 questionnaires about your everyday emotions and 

behaviours. 

3. (5 minutes) Break 

4. (30-40 minutes) You will prepare for EEG recording by having the experimenter fit the 

electrode cap on your head and measure for accuracy of fit.  

5. (10 minutes) Your brain waves will be recorded while you sit quietly at rest. 
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6. (35 minutes) You will complete the Stroop task on the computer where you will report 

the font colours of presented words as well as Navon letter tasks where you will report 

whether you see letters in local or global areas of the images.  

7.  (5 minutes) You will report your current mood and have breaks interspersed between the 

above tasks. 

8. (10 minutes) We will remove the cap and you will have the chance to wash your hair if 

you’d like.  

9.  (5 minutes) We will describe the purpose of the study and answer any questions you 

may have. 

Potential Risks and Discomforts                                                                                                      

You may experience mild fatigue while completing the tasks. Short breaks will be offered 

throughout the experiment. If you are uncomfortable with performing one or more of the tasks or 

answering one or more of the questions on the questionnaires, you can choose to simply skip that 

portion of the study. Although you may find the electrode cap tight, and this may become 

uncomfortable after prolonged periods, the duration of testing will be restricted and the 

opportunity for several breaks made available in order to prevent you from becoming 

uncomfortable or fatigued. The gel rarely elicits a negative reaction on people’s skin. However, a 

skin test in which only a little is placed on your wrist at the beginning of the experiment will be 

completed and then later viewed to determine if there is a potential for a skin reaction prior to 

applying the gel to your scalp. 

Potential Benefits  

This research will help us help us learn more about how our minds are influenced by our 

consistent emotions and motivations. If you are not familiar with cognitive psychology, then the 

experiment will expose you to a new area of psychology.  

Compensation for Participation                                                                                                       

For your participation today you will receive 3 hours of research participation toward any 

participating Brock University course.  

Assurance of Confidentiality                                                                                                          

 Both the cognitive tasks and self-report information we collect from you in this study (your 

responses) will be coded by a number, not your name. Your identity will not be revealed or 

connected with the experimental results or participant number. We are interested in combining 

data from all of the participants, not in reporting the pattern for each person. Your data will be 

combined with the data from other participants, and reported in summary form. Data and records 

created by this project are the property of the University and the investigator. You may have 

access to the overall results of the experiment by making a request to Dr. Karen Arnell 

(karnell@brocku,ca). A copy of the summary results will then be sent to you when the 

experiment has been completed. This right of access extends only to the data combined from all 

participants, and not to your individual data nor the individual data of other participants.  

Data will be secured either in a locked cabinet (paper data) or on password protected computers 

(electronic data files for SPSS analysis) in a locked and alarmed lab that can only be accessed by 

Dr. Arnell, and her research students and research assistants. Data will be kept for 7 years from 

the date of the last journal publication (as per APA requirements). Once the 7-year period has 
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passed, paper data will be deposited in padlocked confidential shredding bins that are 

periodically deposited in the Psychology department at Brock. Electronic data will be deleted 

from the hard drive and once the computer no longer works it will be disposed of through ITS at 

Brock. 

Withdrawal from the Study                                                                                                            

Your participation is voluntary, and you may withdraw from the study at any time without 

penalty. Your decision of whether or not to participate will not affect your course grades or your 

eligibility for other studies. If you decide to participate now, you are free to withdraw your 

consent and to discontinue participation at any time during testing. In the event of withdrawal, 

you will still receive the research feedback form and have the opportunity to ask questions at the 

end of the session. You will still receive full compensation. The data of the participants who 

choose to withdraw from this study will deleted from the computer by the experimenter. It is not 

possible to withdraw from the study after submitting data and leaving the room as your name 

will not be linked with any data.  

 

Offer to Answer Questions                                                                                                          

You should feel free to ask the experimenter questions now or at any time during the study. If 

you have further questions or concerns, at any time you can contact Dr. Karen Arnell, at 

karnell@brocku.ca. If you have questions about the rights of research participants, contact the 

Brock Research Ethics Officer in the Office of Research Services (905) 688-5550 ext. 3035. 

Consent Statement 

The procedures and potential harms/benefits have now been explained to you. You are 

voluntarily making a decision about whether or not to participate in the study.  Your signature 

below indicates that you have freely decided to participate in this research study, having read and 

understood all of the information above, and understanding that you may ask questions now and 

in the future.   

 

Publication of Results 

The data you provide during this study will be used, in conjunction with data provided from 

others, to compare means across conditions and to look at relationships between variables. Only 

aggregate data will be reported. At no point will individual data or identifying info be reported.  

______________________________________________________________________________ 

Print full name of participant                     Signature of participant                Date 

 

__________________________  _____________________________ 

Age Sex (M/F)                        Signature of Researcher 

I am participating in this experiment for 3 hours of research participation in a Brock University 

course and will not receive monetary payment for this experiment. 

_________________________ ___________           _________________________             

Signature of participant     Course            Signature of Researcher 
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Thank you for your participation in this study. Please keep a copy of the consent form for your 

records. 
 

 

 

 


